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Introduction
The Mediterranean is a complicated mosaic in which the evolu-
tion and dynamics of the natural environment were first pro-
foundly affected by the climatic events of the early Holocene 
(Magny et al., 2013; Zanchetta et al., 2011, 2013) and then, from 
5000 BP onwards, also by human activity (Horden and Purcell, 
2000; Hughes, 2005; Roberts et al., 2011; Sadori et al., 2011; Van-
nière et al., 2011). In particular, the last 3000 years are considered 
the period most subject to human impact, especially following the 
spread of Roman economy (Erdkamp, 2005; Hughes, 2005; 
Hughes and Thirgood, 1982; Mercuri and Sadori, 2014).

While human impact on the natural environment is undeni-
able, the issue is at what point this impact became detectable and 
what form it took (Roberts et al., 2011). Recently, Harris (2013) 
gathered in a volume contributions of a varied nature based on 
palaeoecology, history and mathematical models in order to 
investigate the impact of human activity upon the natural environ-
ment and shed light on environmental questions of land use and 
deforestation during the Roman Period. The experiment revealed 
differences in purpose and method, but basically left ‘… new pos-
sibilities for profoundly deepening, and perhaps even transform-
ing, our understanding’ (Wilson, 2013).

The pollen data on their own, especially for the last 2500 years, 
are insufficient to interpret the changes in plant cover as the effect 
of climate or of man (e.g. Di Pasquale et al., 2014; Finsinger et al., 
2010; Peyron et al., 2013; Sadori et al., 2004; Zanchetta et al., 
2013). Charcoal analysis from archaeological contexts is a good 
tool to reconstruct vegetation changes mainly linked to human 
activity (Asouti and Austin, 2005; Chabal, 1994, 1997; Di 
Pasquale et al., 2014). In this respect, a multiproxy approach 
which considers together with charcoal and pollen also proxies 
unambiguously attributed to climatic forcing, such as oxygen and 
carbon isotopes content in fossil remains (e.g. Colonese et al., 
2007; Masi et al., 2013), lake levels and glacial records (e.g. 
Magny et al., 2013; Zanchetta et al., 2012), geoarchaeological and 
pedological data (Allevato et al., 2012b; Pelle et al., 2013a, 
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2013b), can be a powerful method for better interpretation of 
cause–effect processes.

In this study, our charcoal analysis focuses on the vegetation 
changes for a period between 2250 cal. yr BP (early 3rd century 
bc) and 650 cal. yr BP (end 13th century ad) in three archaeologi-
cal sites of northern Etruria (central Italy) on the Tyrrhenian coast 
between the lower valley of the River Cecina and the mouth of the 
River Ombrone. Holocene pollen data for this area show that for-
est cover was characterised by alternating dominance of decidu-
ous and evergreen oaks caused by climatic changes at Accesa 
Lake (Drescher-Schneider et al., 2007; Magny et al., 2007). 
Human impact started c. 8000 cal. yr. BP and greatly increased at 
c. 4300 cal. yr BP. Subsequently, although the last 2500 years are 
not discussed in depth, the decline of deciduous oak forest and the 
spread of evergreen vegetation is evident at Accesa Lake (Dre-
scher-Schneider et al., 2007) and at Ombrone alluvial plain too 
(Biserni and Van Geel, 2005).

In this study, we want to prove the synergic effect of the mul-
tiproxy and multisite approach in understanding the evolution of 
the plant landscape between the beginning of Roman civilisation 
and the Late Middle Ages.

The precise objectives were as follows:

•• To reconstruct the changes in the forest and agricultural 
landscape as regards tree species;

•• To characterise human activity in terms of the chief pro-
duction activity which has led to changes in the vegetation 
cover, using a rigorous comparison with the archaeologi-
cal evidence, hence with a detailed chronological 
reconstruction;

•• To gain new insights into the history of some of the most 
important arboreal landscapes in the Mediterranean, such 
as those with olive and chestnut.

Study area
The study area consists of the stretch of the alluvial plain between 
the Ligurian Sea and the south-western area of the so-called Met-
alliferous Hills (Colline Metallifere), including the Cecina Valley, 
the promontory of Piombino and the Ombrone valley (Figure 1). 
Three archaeological sites were chosen for sampling for anthraco-
logical analysis (Figure 1): the hilltop settlement of Donoratico 
(2nd, 3rd and 10th centuries ad; 166 m a.s.l.), the town of Populo-
nia (between the 3rd and 1st centuries bc and between the 11th 
and 13th centuries ad; 164 m a.s.l.) and the river site of Alberese 
(between the 4th and mid-5th centuries ad; 4 m a.s.l.).

The area has a Mediterranean climate; data from the weather 
stations (Donoratico, Venturina and Alberese) closest to the 
archaeological sites show that the minimum average temperatures 
of the coldest month (February) are between 2.9°C and 3.3°C, and 

Figure 1. Study area in the Tyrrhenian central Italy: (a) aerial view of the Medieval castle of Donoratico, (b) the archaeological area of Roman 
Populonia and (c) aerial view of the Late Roman port of Alberese.
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annual precipitation is between 700 and 800 mm. The present-day 
vegetation consists of stone pine woods (Pinus pinea L.) planted 
along the coast, while inland, arable crops are present on deep 
soils in the alluvial plain. The vegetation on the hills consists of 
evergreen sclerophyllous forest dominated by Quercus ilex L., 
with Arbutus unedo L., Viburnum tinus L. and Phillyrea latifolia 
L. Small stands with deciduous species, such as Q. pubescens 
Willd., Q. cerris L., Ulmus minor Mill. and Acer monspessula-
num L., are found on the cooler slopes.

Our analysis covers the period between the 3rd century bc and 
the 13th century ad, from the Roman Period to the Late Middle 
Ages, with a brief hiatus in the 1st century ad and a longer break 
of 500 years between the mid-5th and the entire 9th centuries ad. 
For this area, the archaeological evidence testifies to intense 
human presence especially in the last 3000 years gravitating 
around the copper, iron and lead mines of the Metalliferous Hills 
and the island of Elba (Corretti and Benvenuti, 2001). With the 
spread of Etruscan civilisation in the 9th and 8th centuries bc, the 
coastal strip became the main metal-working area in Etruria 
(Acconcia and Milletti, 2009; Chiarantini et al., 2009). Roselle, 
Vetulonia and Populonia were the main Etruscan settlements 
(Vander Poppen, 2008); Populonia, thanks to its coastal location, 
soon became the centre for smelting iron ore (Cambi and Accon-
cia, 2011; Cambi and Botarelli, 2004).

In the 3rd century bc, the Romans started to extend their 
control to northern Etruria (Harris, 1971); in the territory of 
Populonia, the activity of metal-working reached its zenith 
(Dallai, 2000), after which, during the Civil Wars, it came to a 
definitive halt in the 1st century bc (Cambi and Acconcia, 
2011). With the decline of Populonia, the network of settle-
ments was re-organised and, between the 1st century bc and 1st 
century ad, archaeological evidence shows the maximum 
development of rural settlements in the valleys from Cecina to 
the River Ombrone (Cambi and Botarelli, 2004; Citter, 1996; 
Dallai, 2003b; Vaccaro, 2008). In the following century, how-
ever, the re-organisation of the Roman economy resulted in a 
new distribution of industrial activity which led to a sharp 
decrease in settlement population size (Citter, 1996; Dallai, 
2003b; Vaccaro, 2008). Between the end of the 1st and the 
whole of the 3rd centuries ad, Donoratico belonged to this 
Roman system of settlements (Bianchi, 2005).

The Late Roman Age experienced a further decline in settle-
ments (Dallai, 2003b; Vaccaro, 2008). In this context between the 
4th and mid-5th centuries ad, Alberese became a commercial port at 
the ancient mouth of the River Ombrone (Cygielman et al., 2013).

The collapse of the Roman Empire marks the end of  
settlements on the plains, and at the start of the Middle Ages, the 
settlements mainly consist of hilltop villages (Dallai, 2003b). 
Between the 7th and 9th centuries ad, Donoratico was one such 
village (Bianchi, 2005). From the mid-9th century ad to the 11th 
century ad, the spread of the feudal system forced the construc-
tion of hilltop manors, castles and monasteries and encouraged 
the resumption of mining, which would continue until the end of 
the Middle Ages (Grassi, 2013). However, already in the 10th 
century ad, there began a progressive re-settlement of the lowland 
areas, especially on the Populonia promontory (Ceccarelli Lemut, 
2003; Dallai, 2003a).

Materials and methods
For the period of time dated archaeologically between the 3rd 
century bc and 13th century ad, from the three sites of Donorat-
ico, Populonia and Alberese, samples were taken from 29 strati-
graphic levels (herein stratigraphic units – SUs – or activities 
– A). The chronological details and types of context are reported 
in Table 1. In order to reconstruct the local vegetation cover, the 
contexts were carefully selected among those containing scattered 
charcoal, resulting from long-term activities and processes (Cha-
bal, 1997; Figueiral and Mosbrugger, 2000). The breaks in the 1st 
century ad and between the mid-5th and the whole of the 9th cen-
turies ad are because of the abandonment of the three sites and the 
consequent lack of charcoal samples.

The samples were floated and sieved with 4-mm, 2-mm and 
0.5-mm meshes. Charcoal fragments over 4.0 mm were identified 
by an incident light microscope working between 100× and 1000× 
magnification, referring both to wood atlases (Abbate Edlmann et 
al., 1994; Greguss, 1955, 1959; Schweingruber, 1990; Vernet et al., 
2001) and to our reference collection (Laboratory of Vegetation 
History and Wood Anatomy, University of Naples Federico II).

For each time interval of the stratified sequence (Table 1), the 
percentages of each taxon were calculated over the sum total of 
charcoal samples analysed (Figure 2). In order to better highlight 
the vegetation changes in our record, we selected key taxa and 
grouped some of them on the basis of their ecological significance; 
then, recalculating the percentages of each group from the total of 
charcoals considered (Figure 3, column ‘Charcoal data’). The 
evergreen sclerophyllous shrubs (A. unedo, Rhamnus/Phillyrea, 
Erica, Cistus, Myrtus, Juniperus and Viburnum) were considered 
overall as macchia; similarly, the deciduous taxa (Acer, Cornus, 
Fraxinus ornus, Ostrya/Carpinus, Ostrya carpinifolia and Ulmus) 

Table 1. Chronological sequence of the sampled layers at each of the archaeological sites examined. Labelling of the layer follows 
archaeological documentation. For each level, the type of archaeological context and number of charcoals studied are shown.

Time interval (cal. yr 

bc/ad)

Archaeological sites Sampled layers (A = activities; 

SU = stratigraphical unit)

Archaeological context Charcoal

1200–1300 ad Populonia A 71, A 314, A 426, A515 Inhabited layer 51
1000–1200 Populonia A 511, A 512, A 513, A 514 Inhabitation of a structure 248
900–1000 Donoratico SU 7468, SU 7500, SU 10784 Floor of the hut 386
Hiatus
300–450 Alberese SU 118, SU 177, SU 157, SU 109 Metal workshop 328
100–300 Donoratico SU 10091 Inhabited layer 529
Hiatus
50–0 bc Populonia A 84 Re-habitation of Room D3 195
100–50 Populonia SU 12285, SU 12286, SU 12287, 

SU 12289
Abandonment of the cistern 150

100–50 Populonia A 81, A 86 Abandonment of Rooms D2 and D3 26
150–100 Populonia A 79 Inhabitation of Rooms D3 and D4 51
200–150 Populonia A 900 Building of Temple C 155
300–200 Populonia A 326, A 504, A 504 Building of the cistern 258
300–200 Populonia A 502 Inhabitation of Room A1 79
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were aggregated; evergreen Quercus, deciduous Quercus, Casta-
nea sativa and Olea europaea were considered on their own.

For comparison with a more regional scale, significant taxa 
(Q. pubescens/robur, Q. ilex-type, Ericaceae, Castanea sativa and 
Olea) were selected from the pollen record of Lake Accesa 
(157 m a.s.l. about 20 km inland) for the period between 2250 and 
750 cal. yr BP (zones AC17 – core AC3/4). The pollen diagram 
was plotted against the calibrated age scale by using the software 
C2 (Juggins, 2003) with raw data kindly provided by Dr Ruth 
Drescher-Schneider (Figure 3, column ‘Pollen data’).

The intensity of soil use was tentatively determined by simply 
summing the number of settlements detected by archaeological 
field surveys in the last 30 years (Figure 3, column ‘Archaeological 
sites’) between the south-western slopes of the Metalliferous Hills 
and the alluvial plains of River Cornia (Botarelli, 2004; Cambi et al., 
1994; Casini, 2004; De Tommaso, 1998; Dallai, 2003b; Fedeli, 
1983), River Pecora (Cambi et al., 1994), River Bruna and River 
Ombrone (Cambi et al., 1994; Marasco, 2013; Vaccaro, 2008), 
amounting to a total area of about 1660 km2 (Figure 1).

Results
In all, 2456 charcoal samples were detected; analysis provided the 
identification of 25 taxa (Figure 2). In total, 14 taxa are common 
to all three sites.

Roman Period (between the 3rd and the end of the 
1st centuries bc)
For this historical phase, the charcoal data concern the site of 
Populonia, and 914 samples were analysed (Figure 2): the 337 
charcoal samples dating to the 3rd century bc indicate that ever-
green Quercus (40.9%) was the most common taxon at the time, 
together with A. unedo (22.8%) and Erica (11.3%). None of the 
deciduous taxa exceed 2%. Laurus nobilis (1.8%) and Abies alba 
(1.2%) were also found.

The first half of the 2nd century bc is represented by 155 char-
coal samples: evergreen Quercus is still the dominant taxon 
(61.9%), while among the shrubs, the most common taxon is 
Rhamnus/Phillyrea (12.9%). Of the deciduous taxa, only Ostrya 
carpinifolia is recorded (<1%). The second half of the 2nd cen-
tury bc yielded 51 samples, confirming the presence of the same 
taxa, with the predominance of evergreen Quercus.

The period from 100 to 50 bc yielded 176 samples. Sclero-
phyllous evergreens are always dominant in this period: ever-
green Quercus accounts for 32.4%, while shrubs reach as high as 
37.6%, with A. unedo being dominant (27.3%). In this interval of 
time, deciduous taxa as a whole reach 10.3%: of the latter, Ostrya/
Carpinus is the best represented (5.7%), while deciduous Quercus 
slightly exceeds 2%. Olea europaea is below 1%. In the latter half 
of the 1st century bc, 195 charcoal samples were analysed. Shrub 
taxa broadly dominate (63.7%), with A. unedo accounting for 
23.1% and Erica 18.5%, while evergreen Quercus accounts for 
31.3%. Deciduous taxa are poorly represented, with only O. car-
pinifolia (2.6%) and deciduous Quercus (1.5%).

Late Roman Period (between the 2nd and mid-5th 
centuries ad)
For this period, 857 charcoal samples from the sites of Donoratico 
and Alberese were analysed (Figure 2). The Donoratico data fall 
between the Roman and Late Roman Period. The archaeological 
dating is not precise, with dates spanning the period between the 
2nd and the end of the 3rd centuries ad. The 529 samples analysed 
show low values of evergreen Quercus (7.2%) and a more marked 
presence of evergreen sclerophyllous shrubs dominated by Erica 
(49%). The only deciduous trees recorded are Quercus (2.3%) 

and Ulmus (<1%). Pinus halepensis-pinea (1.3%) is also present. 
O. europaea does not exceed 5%, while Juglans regia and Vitis 
vinifera are both <1%. By contrast, the Alberese data span the 4th 
and mid-5th centuries ad. The 328 charcoal samples analysed 
show a completely different situation: deciduous taxa exceed 
40% overall, including Cornus (19.8%) and deciduous Quercus 
(18.6%). Evergreen vegetation chiefly consists of Viburnum 
(21.6%), while evergreen Quercus and Erica are both below 2% 
and O. europaea <1%.

Early Middle Ages (10th century ad)
For this historical phase, charcoal data (386 samples) come 
from the Donoratico site (Figure 2). They indicate the strong 
presence of Erica (31.1%), followed by A. unedo (14%). Ever-
green Quercus accounts for 5.7%. Deciduous taxa total 31.7%, 
with deciduous Quercus (20.7%) dominating. O. europaea is 
recorded (<1%).

Late Middle Ages (between the 11th and 13th 
centuries ad)
For this historical phase, the charcoal data concern the site of 
Populonia, and overall 299 samples were analysed (Figure 2). 
The first sequence of data concerns a settlement phase dating 
between the 11th and 12th centuries ad. The 248 samples anal-
ysed indicate the strong presence of evergreen Quercus (30.6%), 
while shrubs account for 12.1% overall, with Erica reaching 
7.3%. The deciduous taxa account for 26.5%, with deciduous 
Quercus dominant (17.3%); other deciduous tree taxa, such as 
Ulmus, Fraxinus ornus and O. carpinifolia are also identified. O. 
europaea reaches appreciable values for the first time (9.7%), 
while Castanea sativa first appears in the anthracological record, 
slightly exceeding 1%. The 13th-century data concern sporadic 
frequentation of the ruins of the Roman city. The few samples 
analysed (51) show the presence of evergreens: evergreen Quer-
cus, Erica and A. unedo are all found with at least 15%. The 
deciduous taxa, including Quercus (11.8%), reach 23.2% overall. 
Finally, it is worth noting that O. europaea exceeds 20% and C. 
sativa reaches 2%.

Discussion
The landscape of the Roman Period
This part of ancient Etruria became Roman in the 3rd century bc; 
the main economic activity distinguishing the area throughout the 
previous Etruscan phase was that of mining and metal-working 
which began in the 8th century bc, peaked under Romanisation 
and then momentarily stopped in the 1st century ad. Several 
archaeologists have suggested that this period of intense mining 
activity caused major deforestation throughout the coastal area 
(Corretti, 2009; Hughes, 2005). Previous spot archaeobotanical 
studies suggested that cutting activities during the Etruscan 
Period heavily altered the natural state of the pre-existing wood-
lands (Sadori et al., 2010b).

The samples from the settlement of Populonia date to the 3rd, 
2nd and 1st centuries bc, while those from the hilltop of Donorat-
ico are dated between the 2nd and the end of the 3rd centuries ad. 
Between the 3rd and 1st centuries bc, the anthracological record 
shows the dominant evergreen Quercus, which in this area essen-
tially consists in Q. ilex, with several sclerophyllous macchia 
shrubs; deciduous taxa are very poorly represented (Figure 3). 
From the 2nd century ad to the end of the 3rd century ad, ever-
green macchia shrubs were abundant (c. 84%), while Q. ilex stood 
at c. 8%. Deciduous taxa compared with the previous phase are 
even less represented (Figure 3).



Di Pasquale et al. 1497

Overall, during these 600 years, Q. ilex forest initially seems to 
dominate the landscape. The forest then seems to contract appre-
ciably, indicating a change to more open macchia formations in 
which Erica is dominant. Interestingly, the pollen sequence of 
Lake Accesa showed the same dynamic (Figure 3). Ericaceae start 
to increase at c. 2000 cal. yr BP (mid-1st century bc) and culmi-
nate at c. 1750 cal. yr BP (early 3th century ad), while Q. ilex 
declined. The expansion of the macchia might have been trig-
gered by a widespread climatic event; indeed, the period in ques-
tion is characterised by dry conditions as shown by low lake 
levels both at Lake Accesa and Lake Fucino, recorded also on a 
wider scale in the central Mediterranean and Anatolian lakes, cor-
responding to the warm bond interval at c. 2700–1800 cal. yr BP 
(Dermody et al., 2012).

Between the 3rd century bc and 3rd century ad, evergreen 
shrublands increased in several regions: from c. 2100 cal. yr BP 
(mid-2nd century bc), pollen data indicate the spread of macchia 
in south-eastern Italy, including the Gargano Peninsula (Caroli 
and Caldara, 2006) and Salento (Di Rita and Magri, 2009), as well 
as in central Sicily (Sadori et al., 2013) and in western and south-
eastern coastal Sicily (Calò et al., 2012; Noti et al., 2009; Tinner 
et al., 2009). On the other hand, pollen data also indicate for the 
same period a substantial stability in the forest cover, as in the 
case of the Versilia Plain on the Tyrrhenian coast 100 km further 
north of our study area (Bellini et al., 2009; Colombaroli et al., 
2007); a widespread deciduous oak forest was present along the 
lower Tyrrhenian coast in Latium (Goiran et al., 2014; Sadori et 
al., 2014) and around Naples (Allevato et al., 2010; Russo Ermolli 
et al., 2014). Also outside Italy, some areas like the southern Bal-
kan Peninsula on the coasts of Acarnania (Jahns, 2004) and Attiki 
(Kouli, 2012) were unaffected by any forest decline. The evi-
dence of different dynamics in a uniform climatic phase could 
suggest that changes in the vegetation cover may have been 
induced by non-climatic factors.

Closer analysis of the historical context may be able to supply 
a different interpretation. Archaeological evidence concerning the 
Romanisation of coastal northern Etruria indicates a period of 
intense human activity (Cambi and Botarelli, 2004; Cambi and 
Acconcia, 2011; Dallai, 2000), thanks to the number of archaeo-
logical sites discovered (Figure 3): from the 2nd century bc 
onwards, there emerges a complex network of settlements con-
sisting of villas and farms which increased threefold compared 
with the previous century, reaching its maximum expansion 
between the 1st century bc and 1st century ad (Botarelli, 2004; 
Dallai, 2003b; Vaccaro, 2008). In our opinion, our data essentially 
reflect growing human impact along the northern Etrurian coast: 
this major presence in the area coincides with the minimum fre-
quency of forest fires testified by microcharcoal in the record at 
Lake Accesa throughout the whole study period (Figure 3). This 
may be ascribed to greater area control and land management 
whereby accumulation of dead biomass is prevented, thereby 
reducing the fire risk (Tinner et al., 1998).

Between the 2nd and 3rd centuries ad, the charcoal data indi-
cate a forest landscape around Donoratico in which macchia veg-
etation prevails, while Q. ilex drops to fairly low values (Figure 
3). Both these data coincide with what is indicated in the pollen 
diagram (peak of Ericaceae associated with a minimum of Q. ilex-
type; Figure 3). Deciduous Quercus and deciduous trees generally 
reach the minimum in the anthracological diagram, while they 
appear more stable in the Lake Accesa pollen diagram which may 
be affected by the fact that the lake is further inland and higher 
above sea level. According to the census of the archaeological 
sites, in the above two centuries, there is a decline in the number 
of settlements, with fewer than half the number active in the pre-
vious century (Figure 3). However, for this period, the archaeolo-
gists discuss of a new form of land management in Etruria, called 
latifundium, which concentrates extensive landed property in the 

hands of a few landowners (Cambi, 1993; Citter, 1996; Vaccaro, 
2008) who manage from their farmsteads extensive production 
based on cereals and livestock (Carandini, 1985; Regoli, 2002). 
Thus, the great development of macchia and the contraction of 
tree species can well be interpreted as the effect of overgrazing. 
The microscopic charcoal accumulation rate in the sediment of 
Lake Accesa indicates an increase in fires from the mid-1st cen-
tury ad, which could be interpreted as evidence for the use of fire 
related to pasturage. It is worth noting that, on the basis of these 
data, it seems evident that during the time interval between the 
2nd and 3rd centuries ad, there was greater impact on the forest 
cover, even compared with the Etruscan Period in which the 
area’s economy was based on mining and metal-working 
(Botarelli, 2004; Cambi and Acconcia, 2011; Cambi and Botarelli, 
2004).

For the final part of the Roman Period, between the 4th and 
mid-5th centuries ad, the anthracological record comes from the 
river port of Alberese and shows deciduous Quercus as the domi-
nant tree (c. 27%) with other deciduous taxa such as Cornus (Fig-
ure 3). The percentage of macchia shrubs halved compared with 
previous phase; of these, only Viburnum reached appreciable val-
ues, while Q. ilex continued to be scarce. The importance of 
deciduous vegetation which reached c. 60% overall is in agree-
ment once again with the vegetation picture shown by the pollen 
sequences of Lake Accesa (Figure 3), which indicates after c. 
1750 cal. yr BP (early 3rd century ad) the increase in deciduous 
Quercus until c. 1500 cal. yr BP (mid-5th century ad) when it 
reached its maximum percentage in the time span considered.

The expansion of deciduous species is also recorded in Etru-
ria, 100 km further north, at Lake Massaciuccoli (Colombaroli  
et al., 2007) between the 3rd and 5th centuries ad. The deciduous 
forest cover also increased along more southern sites on Tyrrhe-
nian Sea, such as in Latium (Sadori et al., 2010a) and central Sic-
ily (Sadori et al., 2013). On Adriatic Sea, a similar situation has 
been recorded in the Salento Peninsula (Di Rita and Magri, 2009) 
and along the South Dalmatian coast (Jahns and Van Den Bogaard, 
1998). The expansion of deciduous vegetation to the detriment of 
evergreens in the Mediterranean during the Holocene has often 
been explained climatically with humid peaks in the cooler cli-
matic phases (Colombaroli et al., 2009). However, in this case, 
the spread of deciduous vegetation falls within a dry phase 
detected in various European and Mediterranean regions (Magny 
et al., 2013; Peyron et al., 2013), which corresponds locally to the 
lowest level at Lake Accesa in the last 2500 years (Magny et al., 
2007). Therefore, a causal relationship with climate being behind 
the expansion of deciduous species detected by our charcoal data 
at the end of the Roman Age should be excluded. A possible cause 
is suggested by the trend in the number of settlements which con-
tinued to fall between the 4th and mid-5th centuries ad (Figure 3) 
because of progressive depopulation (Vaccaro, 2008). This aban-
donment could have triggered the forest cover change.

In the Mediterranean, the record of successional processes in 
progress in the abandoned fields during the second half of the pre-
vious century indicates the key role played by deciduous oaks 
(Quézel and Médail, 2003). The phenomenon of recent rural 
depopulation has led to the development of deciduous oaks in for-
merly cultivated lands. This process has been described in the 
northern areas of the Mediterranean basin, especially in Provence 
(Barbero et al., 1990; Tatoni et al., 2004), but this is also happening 
at lower latitudes such as in south-eastern Sicily (Di Pasquale et al., 
2004). Deciduous oaks have in fact a greater competitive potential 
than evergreen oaks in the processes of spatial occupation in aban-
doned fields (Barbero et al., 1990; Di Pasquale and Garfì, 1998). 
The deciduous expansion phase which characterises the Late 
Roman Age may thus have been caused in Etruria, as in other 
regions of the Mediterranean, by rural depopulation at the end of 
the Roman Empire and, more generally, by the abandonment of 
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areas hitherto cultivated. The appreciable presence of Cornus in the 
anthracological diagram is in this sense important because it is an 
endozoochorous species which characterises the intermediate 
phases of forest succession in abandoned areas (Quézel and Médail, 
2003). This hypothesis may be useful to account for other periods 
as well, varying in settlement intensity and human impact from c. 
5000 cal. yr BP.

Finally, it should be pointed out that the increase in frequency 
of fires recorded at Lake Accesa also shows in this case a negative 
relationship with the number of settlements; this could be inter-
preted as the effect of the increase in potentially combustible bio-
mass caused by a lack of farm management practices being 
applied to agro-forestry spaces (Tinner et al., 1998).

The landscape of the Middle Ages
The hiatus between the 6th and 10th centuries ad is because of the 
absence of samples: Populonia shows no regular human frequen-
tation from the end of the 1st century bc to the 11th century ad; 
the hilltop of Donoratico was abandoned between the mid-4th and 
7th centuries ad and sufficient material for analysis is dated from 
the 9th century ad; the site of Alberese after the 5th century ad 
was abandoned and covered with alluvial deposit.

At the end of the Early Medieval Period, between the 9th and 
10th centuries ad, in the vegetation at Donoratico, there was a 
considerable presence of macchia, while deciduous Quercus was 
the dominant arboreal taxon to the detriment of Q. ilex (Figure 3). 
The landscape around Donoratico continued to be dominated by 
deciduous oaks which characterised the previous centuries and 
which still remain the dominant trees.

As regards Late Medieval times, the Populonia data show a 
progressive reduction in the forest component and a shift towards 
a more open macchia environment (Figure 3). The stability of the 
forest which may be inferred from the Accesa data suggests a 
change in the vegetation on a local scale (Figure 3). The most 
interesting information in this last phase concerns olive (O. euro-
paea) and chestnut (C. sativa).

Olive charcoal data are scarce from the Roman Period to the 
end of the Early Middle Ages and increase significantly only from 
the Late Middle Ages onwards (11th and 12th centuries ad), dou-
bling their frequencies in the 13th century ad (Figure 3). Pollen 
data from Lake Accesa are yet again consistent with our findings 
and show a percentage constantly below 0.5% until 1000 cal. yr BP 
(mid-10th century ad), when they increase moderately to a maxi-
mum of 5% (Figure 3). On the whole, these data indicate that, 
before the Late Middle Ages, olive-growing did not belong to the 
landscape of northern coastal Etruria, but it constituted only small 
and scattered plots probably located close to farmsteads. This evi-
dence conflicts with the traditional idea of archaeologists and his-
torians who point to widespread olive cultivation in Etruria 
between the 3th century bc and 1st century ad during the Roman 
Republic and Early Empire (Barbieri, 2010; Brun, 2011; Carand-
ini, 1985). On a broader spatial scale, the Italian pollen data seem 
to confirm a scant presence of olive in the Roman Period in many 
areas which are today given over to olive-growing, both in central 
Italy (Bellini et al., 2009; Colombaroli et al., 2007; Mercuri et al., 
2002), southern Italy (Caroli and Caldara 2006; Di Rita and 
Magri, 2009; Russo Ermolli and Di Pasquale, 2002) and Sicily 
(Calò et al., 2012; Noti et al., 2009; Sadori et al., 2013; Tinner et al., 
2009). Medieval historians also partly confirm our findings: for 
central Italy, in particular, the documents demonstrate that only 
from the end of the 14th century ad was there a major, definitive 
development of olive farming (Cortonesi, 2005). It has to be 
stressed that olive farming in central Italy became established 
precisely in the centuries of the ‘Little Ice Age’: this would con-
fute the hypothesis posited by several researchers who tentatively 
explained the scant presence of olive farming in the Roman 

Period with the recurrence of cold climatic phases (Di Rita and 
Magri, 2009).

Chestnut shows a very similar trend to that of olive: it appears 
in the 11th century ad in very low percentages and again closely 
matches the data from Lake Accesa which show that chestnut 
begins to spread a little before, starting from c. 1000 cal. yr BP 
(mid-10th century ad). Both proxies yield an extremely weak sig-
nal, even if we know that in the immediate neighbourhood on the 
Metalliferous Hills, less than 100 km from our study area, chest-
nut was present at least from the 7th century ad, where it was 
essentially used for timber (Buonincontri et al., 2014; Di Pasquale 
et al., 2008). The use of timber has been clearly inferred by means 
of charcoal data in central and southern Italy at least until the 
Early Middle Ages (Allevato et al., 2012a; Di Pasquale et al., 
2010).

Various pollen sequences up and down peninsular Italy doc-
ument, from c. 1000 cal. yr BP onwards, a great expansion of 
chestnut (Branch and Marini, 2013; Mercuri et al., 2013; Noti 
et al., 2009; Sadori et al., 2013; Tinner et al., 1999; Vescovi et 
al., 2010), contradicting the theory of the spread of this plant 
between the Late Roman Age and the Early Middle Ages 
(Conedera et al., 2004; Rottoli, 2014). The extremely low value 
yielded by charcoal analysis in northern Etruria and the slight 
rise in chestnut pollen from Lake Accesa would constitute evi-
dence, in this case, of a landscape in expansion, and probably 
dates the time during which chestnut becomes a food crop 
‘globally’ (Quirós Castillo, 1998). As in the case of olive, the 
emergence of such landscapes is thus Late Medieval and may 
well be attributed to the set-up of a new economic organisation 
with the establishment of the feudal economic system (Wick-
ham, 2005) and later to the establishment of the political system 
of the Communi (Cortonesi, 2005; Wickham, 1988), which led 
to the need to satisfy a rising demand for food and luxury prod-
ucts (Bosi et al., 2009).

Conclusion
Archaeological charcoal data proved a useful proxy for the recon-
struction of the history of vegetation in relation to human activi-
ties, both in their exceptional space—time definition and because 
they allow greater integration with human history. This work 
highlighted the contribution of a multiproxy approach. The poten-
tial shown by the integrated comparison of archaeological char-
coal and pollen suggests that this type of approach should be 
systematically used where possible since it allows the data to be 
interpreted much more precisely and effectively.

As regards the changes in the forest cover and landscape in 
this part of central Italy facing the Tyrrhenian coast, our data were 
able to shed light on the following points:

•• Metallurgy which was the hallmark of our study area for 
about eight centuries (between the 8th and 1st centuries 
bc) appears to have had less impact on the woody vegeta-
tion than that attributed to an economy essentially based 
on livestock grazing over two centuries (2nd and 3rd cen-
turies ad);

•• The transition from sclerophyllous to deciduous experi-
enced by Etruria starting from the end of the Roman 
Period (4th and mid-5th centuries ad) was not caused by 
climate but by economic and cultural factors which led to 
a long phase of land abandonment;

•• The expansion of olive and chestnut in the landscapes of 
central Italy along the Tyrrhenian seaboard only began in 
the Late Medieval Period (from the 11th century ad) and 
not in the Roman Period. This means that extensive culti-
vation of chestnut and olive has very recent origins and 
should be attributed to one and the same macro-factor.
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In general, the changes in vegetation cover which we found all 
appear independent of climate and strictly connected to economic 
and social dynamics characterising the history of this part of Etru-
ria. This interpretation appears applicable to various changes in 
vegetation occurring at the same time and in the same fashion in 
other regions of the central Mediterranean, and thus may be seen 
to have more than mere local validity.
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