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Wood charcoal (anthracological) remains accumulated in archaeological deposits provide a valuable tool
for reconstruction of past local vegetation and its use. They can offer evidence complementary to pollen
analysis or be the main source on past vegetation change in areas where no pollen preservation is
available. The current study assembles the anthracological evidence from 18 Neolithic sites situated in
the zone spanning between the Lower Danube plain and the Aegean coast. This evidence is presented
within the broader archaeological and paleoecological context of the region and in cal. years BC and/or
BP. The data is interpreted in terms of land-use related to woodland management and exploitation of
woodland resources during three chronological phases which could be distinguished within the
Neolithic of south-eastern Europe: a) 6500-5800 cal. BC, b) 5800-5500 cal. BC, and c) 5500-4900 cal BC).
The main vegetation type targeted by the Neolithic population were the thermophilous, mixed deciduous
oak communities, which contained a rich and diverse undergrowth of light-demanding and fruit/nut
bearing trees, shrubs and herbs. Those plant communities were the major source of fuel wood, forest
pasture, fodder, gathered fruits, etc. The analyses indicate stability and sustainability of the ﬁrewood
procurement and woodland management practices for the whole considered period and further suggest
that the Neolithic land-use strategies favoured the rich and often fruit-bearing undergrowth of the oak
forests and woodland.
© 2017 Elsevier Ltd and INQUA. All rights reserved.
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1. Introduction
Long-term cultural developments in the Balkan Peninsula since
prehistory have affected the landscape and environment of the
region: they have resulted in a unique interplay between culture
and nature that make the study of this area attractive for combined
archaeological and paleoenvironmental research. Archaeological
research in the southern part of the Balkan Peninsula has provided
evidence for the establishment of farming communities since the
earliest Neolithic. The region was probably the ﬁrst part of mainland Europe to see the adoption of farming technologies and has
been inﬂuenced by anthropogenic activity for at least 8500 years
following the introduction of the ﬁrst farming communities. The
* Corresponding author. PlantCult Project, Aristotle University of Thessaloniki,
Greece.
E-mail address: maria.ntinou@uv.es (M. Ntinou).

area is considered as one of the routes for the neolithization of
south-eastern Europe, playing a key role in the prehistory of the
region because of its special geographic location between Anatolia
to the east, the Aegean to the south and the Danube valley to the
north. Settlements were located in variable environments: the
coastal areas of the northern Aegean, as well as the hilly ﬂanks of
coastal and inland plains and the foothills of mountains up to 800 m
asl, usually close to rivers, lakes, streams, ponds and springs
(Andreou et al., 1996; Kotsos and Urem-Kotsou, 2006; Lespez et al.,
2013; Lichardus-Itten et al., 2006; Pernicheva, 1995; Nikolov, 2007;
Todorova and Vaisov, 1989; Krauß et al., in press).
Woodland management and the exploitation of woodland resources would have been part of the economic and subsistence
activities of the Neolithic farmers. This is clearly seen in the
importance that woodcutting and woodworking tools gain, in the
abundant use of timber in the construction and certainly in the
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increased fuel/ﬁrewood needs for hearths, kilns and ovens that
have been uncovered in most of the Neolithic sites. Information on
the woodland vegetation development for the considered period
and possibly its use by the Neolithic population can be obtained
from the palynological records in the region. There exist a number
of pollen sites (Athanasiadis et al., 2000; Bozilova and Tonkov, 1990,
2007; Connor et al., 2013; Glais et al., 2016; Huttunen et al., 1992;
Kouli and Dermitzakis, 2008; Lazarova et al., 2015; Marinova
et al., 2012; Panagiotopoulos et al., 2013; Tonkov and Possnert,
2014) that provide a detailed history of the vegetation in the
study area and indicate the development of mixed oak forests at
low and mid-altitudes, where the ﬁrst prehistoric settlements were
founded. Most of those pollen records attest the ﬁrst signs of human impact on the vegetation since the Late Neolithic. However
due to the preservation conditions in the study area usually the
pollen record provides only an indirect and often regional picture of
the vegetation and particularly the woodland (potentially) used by
the Neolithic populations. An alternative source of information are
the analyses of charred wood remains found at the archaeological
sites, which directly reﬂect the woodland vegetation used at the
sites.
In recent years the analysis of anthracological remains (wood
charcoal macro remains) has been included in the study of several
prehistoric sites in the Balkans (Filipovi
c et al., 2010; Fletcher and
Madella, 2006; Karkanas et al., 2011; Marinova and Thiebault,
2008; Marinova et al., 2012, 2013; Ntinou, 2002; Schroedter et al.,
2012). Such analyses in most cases focus on the remains of domestic ﬁrewood used for heating, lighting and cooking. Assuming
that no selection of woods was practised, the frequencies of the
ﬁrewood remains deposited in the archaeological sediments are
interpreted as a good representation of the local woodland cover
and its evolution (Asouti and Austin, 2005; Chabal et al., 1999).
Moreover, ﬁrewood procurement is an economic activity closely
linked to the social organization of a community and it thus reﬂects
aspects of its way of life and its perception of the environment
(Asouti and Austin, 2005; Dufraisse, 2008; Zapata et al., 2003).
Asouti and Austin (2005: 9e12), propose in a heuristic way three
predictive models of subsistence adaptations for addressing the
inﬂuence of cultural formations on fuel collection, consumption
and discard. Their predictive model 3 (Asouti and Austin, 2005:
10e12 and Table 4) corresponds to settled agriculturists and it
shows the complexity that in such cases characterizes ﬁrewood
related activities. In sedentary farming communities there is a
scheduled collection, use and consumption of fuel resources combined with or inﬂuenced by other tasks such as land clearance, land
preparation and cultivation or fodder collection. Fuel collection
may take place at variable distances from the settlement site and
access to the woodlands may be a function of ownership,
communal or individual. Fuel procurement may take place on a
seasonal basis and wood is stored and seasoned for later consumption. Fuel collection may involve the management of woodlands, but also the use of the prunings from cultivated species, the
byeproducts of timber processing as well as the complementary
collection of small amounts of ﬁrewood (twigs, branches, bark)
throughout the year. There may be fuel selection in relation to the
complex range of hearth types, while ﬁre debris disposal may take
place at different spatially removed locations. Settled farming
communities may have an “economic” behavior towards the conservation of fuel resources but at the same time their activities exert
a signiﬁcant impact on their environment.
In view of the above-mentioned, the anthracological evidence
from a number of Neolithic settlements in the southern Balkans
and northern Greece is presented: it aims to provide information
for investigating the nature and use of the natural vegetation at
several interconnected levels: the composition of local woodlands

during the Early and Middle Holocene, the diversity of woodland
cover revealed by the wood charcoal records, the use of these
woodlands for the procurement of ﬁrewood and the understanding
of this activity within the economic organization of the Neolithic
farming communities. To this end, we have assembled anthracological data from 18 Neolithic sites from the zone spanning between the Lower Danube plain and the Aegean coast comprising
the modern territories of Bulgaria and northern Greece. These are
presented within a) the broader chrono-cultural framework of the
Early to Late Neolithic (6500-4900 cal. BC) as this is understood in
current archaeological research, and b) the variable environmental
settings of the southern Balkans, covering climate and vegetation
zones from Mediterranean to continental (Fig. 1, Table 1).
2. Archaeological and chronological backgrounds
The spread of the Neolithic in the southern Balkans is a key issue
in the understanding of the neolithization of south-eastern Europe.
The entire area from northern Greece to the lower Danube is
characterized by both coastal plains extending on an east-west axis
and large river systems with a general NW-SE orientation, which
would have provided an outstanding setting for early farming activities and for the development of routes and communication
networks. The area provides some of the ﬁrst dates for the Neolithic
in Europe; the earliest such levels are well-documented around
6500 cal. BC in several sites in northern Greece (KaramitrouMentessidi et al., 2013; Lespez et al., 2013; Maniatis, 2014) and
€ rsdorf and
slightly later around 6200 cal. BC in Bulgaria (Go
Boyadziev, 1996; Reingruber and Thissen, 2005; Weninger et al.,
2014). The accepted chrono-cultural phasing terminology for
northern Greece and Bulgaria for the period from 6600 to 4900 cal.
BC comprises the Early, Middle, and Late Neolithic for the former
(Andreou et al., 1996) and the Early and Late Neolithic for the latter
€ rsdorf and Boyadziev, 1996) (Fig. 2).
(Go
In northern Greece, the archaeological deposits from several
sites and radiocarbon dates from older and most recent excavations
conﬁrm the presence of Neolithic communities as early as 6600 cal.
BC (Maniatis, 2014). In almost all areas the conﬁrmed early
Neolithic sites are located at, or very near, the lowest points of the
landscape today, in proximity to groundwater or streams (Andreou
et al., 1996). Early Neolithic (6600-5900 cal. BC) sites were established in lowland plains below 200 m asl, such as the plain of
Thessaloniki (Pyke and Youni, 1996; Maniatis, 2014), the coastal
plain of Pieria to the west of the Thermaic Gulf (Bessios and
Adaktylou, 2006; Kotsakis and Halstead, 2004; Maniatis, 2014;
Urem-Kotsou et al., 2014) and the wetlands of the Drama basin
(Lespez et al., 2013). Moreover, some of the earliest sites are also
located along the riverine zone of the middle Aliakmon River (c.
200 m asl), but also in interior basins of western and central
Macedonia above 600 m asl (Andreou et al., 1996; HondrogianniMetoki, 2009a; Karamitrou-Mentessidi et al., 2013; Maniatis,
2014). From the early 6th millennium onwards, the number of sites
increased in the eastern part of northern Greece, where several
Neolithic sites have been located on Pleistocene terraces and on the
coast (Ammerman et al., 2008; Andreou et al., 1996). In the periods
following the Early Neolithic and until the ﬁrst half of 5th millennium cal. BC, new sites appeared in the areas previously settled as
well as in more inland areas and on lakeshores in western
Macedonia (Andreou et al., 1996; Kotsos and Urem-Kotsou, 2006;
Urem-Kotsou et al., 2014 and references therein). Dispersal now
into a variety of locations, including ones on elevated, dry land that
cannot have been selected for their farming potential, is noticeable.
The selection of certain areas should be seen in relation to their
location at points of importance within the communication networks (Andreou et al., 1996).
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Fig. 1. Map with potential vegetation (summarized after Bohn et al., 2000/2003) and site locations. 1. Paliambela Kolindrou, 2. Revenia Korinou, 3. Varemenoi-Goules, 4. Toumba
Kremastis Koiladas, 5. Kleitos 1, 6. Dispilio, 7. Avgi, 8. Limenaria, 9. Makri, 10. Kovacevo, 11. Ilindentsi, 12. Balgarchevo, 13. Kremenik, 14. Galabnik III, 15. Slatina, 16. Ohoden, 17.
Dzhulynitsa, 18. Hadzhidimitrovo.

The Neolithic sites from northern Greece included in this study
date to the Early, Middle and Late Neolithic (Table 1, Fig. 2). Paliambela (Halstead and Kotsakis, 2003; Kotsakis and Halstead, 2004)
and Revenia (Bessios and Adaktylou, 2006) are two of the earliest
sites located in the lowland areas of central Macedonia (Fig. 1,
Table 1). The earliest habitation phase in Paliambela started around
6600 cal. BC (Maniatis, 2014) and continued until the Final
Neolithic (4452-4350 cal. BC; Hofmanova et al., 2016: 8e9,
Table S1). In the case of Revenia the dating of skeletal remains from
one of the six burials uncovered at the site provided an early date
for this settlement, 6438-6264 cal. BC (Hofmanova et al., 2016:8,
Table S1). A third site dating to the Early Neolithic and the beginning of the Middle Neolithic (6430-5670 cal. BC) is Varemenoi
(Fig. 1, Table 1) located in the riverine zone of the middle reaches of
the Aliakmon River (Hondrogianni-Metoki, 2002, 2009a).
To the Middle Neolithic date the aforementioned settlement of
Paliambela and Makri on the Aegean Thrace (Fig. 1, Table 1). The
earliest habitation of Makri (Makri I) started in the Middle Neolithic
(5700-5400 cal. BC) and continued during the Late Neolithic (Makri
II, ca. 5400 cal. BC) (Ammerman et al., 2008; Efstratiou et al., 1998).
The settlement of Limenaria dates to the close of the Middle and the
beginning of the Late Neolithic (5600-5200 cal. BC (Koukouli-

Chrysanthaki and Papadopoulos, 2016). The Late Neolithic sites
are located in variable environmental settings (Fig. 1, Table 1) along
an east-west axis and extend from the coast to the hinterlands.
Apart from Makri II and Paliambela, already mentioned above,
another four sites located in the interior basins of western
Macedonia and at elevations above 600 m asl provided anthracological data. These are Toumba Kremastis dating between 5300 and
4930 cal. BC (Hondrogianni-Metoki, 2009b); Kleitos 1, inhabited
during the second half of the 6th and early 5th millennia BC (Ziota,
2011) while habitation continued in the Final Neolithic (42303995 cal BC; Hofmanova et al., 2016: 9e10, Table S1); the lake
settlement of Dispilio on the shores of Lake Orestias, with successive habitation phases from the end of the Middle Neolithic to the
Final Neolithic (5500e5200 and 5200-4300 cal. BC) (Karkanas
et al., 2011); and the settlement of Avgi that preserves remains of
three habitation phases (Avgi I, II, III) from 5300 to the ﬁrst half of
the 5th mill. cal. BC) (Stratouli and Bekiaris, 2008; Stratouli et al.,
2009).
Several sites with anthracological evidence are situated in
south-western Bulgaria (Kovacevo, Ilindentsi, Balgarchevo, Galabnik, Kremenik, Slatina), mainly in the Struma valley (Fig. 1). The
direct territorial connection of this region with the northern
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2011).
3. Natural environment, climate zones and vegetation zones
3.1. Potential natural vegetation today
Here we follow the broader vegetation units (Fig. 1) of Bohn
et al. (2000/2003), summarized to make the comparison with the
wood charcoal evidence easier. The concept of Bohn et al. (2000/
2003) considers the geobotanical analyses of different vegetation
types and constructs a map of the natural vegetation which
potentially would be developed. This concept is especially suitable
for the current comparison as today the vegetation of the area
under consideration is strongly inﬂuenced by human impact. The
modern natural vegetation in the study area covers several vegetation zones, but the most common and relevant for the interpretation of our results is the thermophilous, mixed deciduous broadleaved forests, more strongly inﬂuenced by Mediterranean elements in the south and with a more mesophilous character in the
north. These formations quite often have a rather open character
and contain several light-demanding small trees and shrubs which
tend to increase under human pressure. These often were also a
source of food (fruits/nuts) for the prehistoric population. Of certain
importance are also the Mediterranean sclerophillous forests and
scrub and xerophytic coniferous forests and woodland in the south
of the study area. Azonal riparian vegetation develops near the
bigger and smaller water courses; this type of vegetation was also
potentially of interest for human use.
3.2. Main stages of the vegetation development
Fig. 2. Time-slices and Neolithic periodization of the study area following Andreou
et al. (1996) for the Greek sites and Kraub (2008) for the Bulgarian sites.

Aegean coast, and from there with Anatolia, inﬂuenced the speciﬁc
dynamics of cultural changes through all prehistoric periods
(Nikolov, 2007): this is considered as one of the primary routes for
the neolithization of the Balkan Peninsula (Lichardus-Itten et al.,
2006). According to the available archaeological evidence and
radiocarbon dates this processes started around 6200/6100 cal. BC
€rsdorf and Boyadziev, 1996). The Early Neolithic settlements
(Go
were situated in the foothills of the mountains, between 400 and
650 m asl. Quite probably their location reﬂects favourable climatic
and ecological conditions (Todorova, 1995). An increase in the
number of prehistoric settlements is observed during the Late
Neolithic with a maximum around the last quarter of the 6th millennium cal. BC (Grebska-Kulow and Kulow, 2007). During the
second half of the Late Neolithic (5200e4900 cal. BC) new, larger
settlements with surface areas of up to 16 ha were founded. The
number of the settlements increased considerably during this
period, indicating a strong growth in the population (GrebskaKulow and Kulow, 2007). By the end of the Late Neolithic and the
beginning of the Early Chalcolithic (4900e4850 cal. BC) the number
of settlements was decreasing (Grebska-Kulow and Kulow, 2007).
The Early Neolithic of the sites Dzhulyunitsa and Koprivets
belong to the earliest phase of the Neolithic in the region, corresponding to the period of ca. 6100-5700 cal. BC (Kraub et al., 2014).
For the site of Ohoden, which also belongs to the Early Neolithic
according to relative chronological correlations, no early Neolithic
absolute dates have been published as yet (Ganetsovski, 2009).
Hadzhidimitrovo, situated in the eastern Thracian plain, consists of
252 pits of which 46 were studied archaeobotanically and provided
wood charcoal remains. The chronological attribution of the pits
and accompanying structures is also conﬁrmed by radiocarbon
dates, covering the interval of 5200e4900 cal. BC (Petrova et al.,

Pollen data from the southern Balkans document the main
stages of the history of the vegetation in the area since the Late
Glacial and until the Late Holocene. We focus now on the time
interval of ﬁnal Early to Middle Holocene (ca. 8200-6450 cal. BP/ca.
6300-4500 cal. BC) with the introduction of agriculture and
establishment of the Neolithic settlements and way of life. Palynological information is available for the Aegean (Kotthoff et al.,
2008; Wijmstra, 1969) and the Black Sea coastal areas (FilipovaMarinova et al., 2013; for a recent overview, see Tonkov et al.,
2014), the Thracian Plain (Connor et al., 2013), for low and midaltitudes (Athanasiadis et al., 2000; Bordon et al., 2009; Bottema,
1974; Glais et al., 2016; Huttunen et al., 1992; Panagiotopoulos
et al., 2013; Marinova et al., 2012), and the higher mountains in
Northern Greece and South Western Bulgaria (Lawson et al., 2005;
Stefanova and Ammann, 2003; Tonkov et al., 2008, 2013).
The Early Holocene (11,500-7500 cal. BP/ca. 9500-5500 cal. BC)
is characterized by a substantial increase in the extent of forest
cover. The bulk of the expansion is seen in deciduous Quercus and
Pinus, and these taxa probably dominated the woodland with
relatively small numbers of other taxa. At about 10,500 cal. BP other
mesophilous taxa (Ostrya-type, Tilia, Carpinus betulus, Fraxinus)
became more abundant in the western part of the considered region, marking an increase in woodland diversity. In the eastern part
of the considered region (Thracian plain and Black Sea coast,
Connor et al., 2013, Filipova-Marinova et al., 2013) the maximum of
tree pollen percentages is achieved only after 8000 cal. BP. After the
expansion of the deciduous oak forests the sporadic occurrence of
pollen from understory shrub species (e.g. Sambucus, Sorbus, and
Cornus), supports the notion of a relatively closed tree canopy. The
8.2 ka BP event is recorded in several pollen sequences (Maliq:
ﬂe et al., 2000; Prespa: Panagiotopoulos et al., 2013; Ohrid:
Dene
Lezine et al., 2010; Tenaghi Phillipon: Peyron et al., 2011; Central
Black Sea: Filipova-Marinova et al., 2013). The event occurs rapidly
between 8300 and 8100 cal. BP with an increase in steppe
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conditions, indicated by the marked increase of Artemisia and
Poaceae pollen percentages. Pistacia peaks approximately from
10,500e7500 cal. BP and a similar early Holocene ‘Pistacia event’ is
seen throughout the eastern Mediterranean (Rossignol-Strick,
1995). A moderate increase in Abies pollen in the records from
the higher mountains around the Strymon valley (Tonkov et al.,
2013) may represent a considerable increase in the extent of
Abies woodland in the uplands.
During the Middle Holocene (ca. 7500-5000 cal BP, ca. 55003000 cal. BC) two major shifts in the composition of temperate
woodland occurred and are visible in the majority of the considered
pollen records. The ﬁrst is characterized by an expansion of Ostrya
carpinifolia/Carpinus orientalis in the lowland and mid altitude sites
and the second is related to the expansion of Abies in the higher
mountain areas around 7800e7500 cal. BP (5800e5500 cal. BC).
4. Materials and methods
In the present study the anthracological analyses carried out

5

in18 archaeological sites in northern Greece and Bulgaria are used
as a basis for a comprehensive presentation of the local vegetation
and its use by Neolithic communities in different areas of the
southern Balkan Peninsula between the Danube and the Aegean
coast. Regarding comparisons between the northern Greek and the
Bulgarian sites, the accepted chrono-cultural phasing terminology
for the two regions may to some extent result in confusion; the
second half of the Early Neolithic in Bulgaria overlaps with the
Middle Neolithic in Greece, while most of the Late and Final
Neolithic in Greece corresponds to the Late Neolithic in Bulgaria
(Fig. 2). In the present synthesis, to avoid confusion we have chosen
to employ the periodization proposed by Andreou et al. (1996) for
the Greek Neolithic and Kraub (2008) for the Bulgarian Neolithic
together with the absolute chronology (calibrated BC dates) available for the archaeological sites (see section 2 “Archaeological and
chronological backgrounds “ and Table 1). The following distinct
time-slices in calibrated BC year ranges have been adopted: a)
6500-5800 cal. BC, b) 5800-5500 cal. BC, c) 5500-4900 cal. BC,
which broadly correspond to major subdivisions of the Neolithic in

Table 1
Natural settings and chronological background of the sites considered.
Site name

Lat

Long

Elevation Dominant vegetation types (according to Bohn et al. from Archaeological
Available absolute
Presence of
[m a.s.l.] Fig. 1)
phases considered dates range (cal BC) burned layers

1st time slice
Kovacevo

41.48,254

23.475,733 251

Dzhulynitsa

43.135,814 25.882,121 131

Varemenoi

40.095,754 21.545,513 280

Revenia
Paliambela late
EN
Paliambela EN

40.160,294 21.914,369 30
40.303,664 22.302,476 64
40.303,664 22.302,476 64

2nd time slice
Ilindentsi

41.64,475

Balgarchevo

42.026,098 23.036,658 367

Kremenik

42.289,256 23.233,489 725

Galabnik

42.414,154 23.074,714 645

Slatina

42.675,415 23.372,526 552

Ohoden

43.371,896 23.719,031 206

Paliambela

40.303,664 22.302,476 64

Makri I

40.505,561 25.444,699 45

3rd time slice
Kovacevo

41.48,254

23.219,393 245

23.475,733 251

Hadzhidimitrovo 42.529,717 26.396,989 152
Makri II

40.505,561 25.444,699 45

Limenaria

40.373,611 24.342,613 7

Paliambela

40.303,664 22.302,476 64

Toumba
Kremastis
Kleitos 1

40.215,275 21.562,355 661
40.26

Dispilio E, G

40.290,714 21.172,227 628

Avgi II, III

40.271,373 21.101,576 740

21.51

746

sub-mediterranean oak woodland with Ostrya and Fraxinus
ornus
sub-mediterraenan to sub-continental mixed oak and
oriental hornbeam forests
sub-mediterranenan to sub-continental mixed oak and
oriental hornebeam forests
coastal halophytic and alluvial hardwood forests
sub-mediterranean mixed oak woodland with Ostrya,
Carpinus orientalis and Fraxinus ornus
sub-mediterranean mixed oak woodland with Ostrya,
Carpinus orientalis and Fraxinus ornus
sub-mediterranean oak woodland with Ostrya and Fraxinus
ornus
sub-mediterraenan to sub-continental mixed oak and
oriental hornbeam forests
alluvial hardwood forests/sub-mediterraenan to subcontinental mixed oak and oriental hornbeam forests
alluvial hardwood forests/sub-mediterraenan to subcontinental mixed oak and oriental hornbeam forests
alluvial hardwood forests/sub-mediterraenan to subcontinental mixed oak and oriental hornbeam forests
sub-mediterraenan to sub-continental mixed oak and
oriental hornbeam forests
sub-mediterranean mixed oak woodland with Ostrya,
Carpinus orientalis and Fraxinus ornus
meso-Mediterranean Quercus coccifera, Phillyreaand
Arbutuswoodand
sub-mediterranean oak woodland with Ostrya and Fraxinus
ornus
sub-mediterranean oak woodland with Ostrya and Fraxinus
ornus
meso-Mediterranean Quercus coccifera, Phillyrea and
Arbutus woodand
meso-Mediterranean Quercus coccifera, Phillyrea and
Arbutus woodand partly in combination with Pinus brutia
sub-mediterranean mixed oak woodland with Ostrya,
Carpinus orientalis and Fraxinus ornus
sub-mediterranenan to sub-continental mixed oak and
oriental hornebeam forests
sub-mediterranenan to sub-continental mixed oak and
oriental hornebeam forests/alluvial hardwood forests
sub-mediterranenan to sub-continental mixed oak and
oriental hornebeam forests
sub-mediterranenan to sub-continental mixed oak and
oriental hornebeam forests

Early Neolithic I

6100e5630

_

Early Neolithic I

6100e5700

_

Early Neolithic

6430e5670

_

Early Neolithic
Early Neolithic

6438e6264
6392e6238

_
_

Early Neolithic

6631e6452

_

Early Neolithic II

no published dates

_
þ

Early Neolithic II; 5690e5440
Middle Neolithic
Early Neolithic IIct 5630e5370

þ

Early Neolithic II

5620e5300

þ

Early Neolithic II

5700e5620

þ

Early Neolithic II

no published dates

_

Middle Neolithic

no published dates

þ

Middle Neolithic

5700e5400

þ

Late Neolithic

no published dates

_

Late Neolithic

5200e4900

_

Late Neolithic

5400

_

Middle/Late
Neolithic
Late Neolithic

5600e5200

_

no published dates

_

Late Neolithic

5340e4930

_

Late Neolithic

no published dates

þ

Late Neolithic

5500e5000

þ

Late Neolithic

5480e4997

þ
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the respective areas, while at the same time allow for comparisons
with the archaeological and palaeoenvironmental record. The timeslices adopted for the present study are also shown and correlated
with the Neolithic phasing of the sites included in this study (Fig. 2).
The absolute chronology is considered in calibrated ages BP or BC.
The anthracological material included in this study was selected
in such a way as to avoid as much as possible construction wood or
wood charcoal macro-remains associated with short-term use of
thermal structures such as hearths, ovens, etc. The selected samples
originate from archaeological contexts which are considered to
contain scattered wood charcoal accumulated as a result of longterm use and discard of ﬁrewood. Such contexts are pits, ditches,
wells, open spaces and ﬁlls between habitation levels and according to the anthracological methodology they provide meaningful
palaeoecological results (Asouti and Austin, 2005: 3e5; Chabal
et al., 1999). Although wood-working debris, old timbers or
worn-out wooden artifacts might have ended up in the hearths as
fuel, the contribution of such material in the fuel-remains assemblage would have been minimal compared to ﬁrewood collected
from the woodlands to fulﬁll everyday domestic and other needs.
Firewood constitutes the majority of fuel remains, as a result of the
repeated use, cleaning/sweeping and deposition of debris from
ﬂoors and domestic hearths. The scattered anthracological remains
reﬂect habitual ﬁrewood collection patterns; as such they are the
best suited for the palaecological assessment of the Neolithic
habitation areas through time and the understanding of the
woodland management practices in the context of the Neolithic
social and economic life-ways (Asouti and Austin, 2005; Chabal
et al., 1999).
The wood charcoal macro-remains were recovered during
excavation works at the respective archaeological sites. In the
majority of cases machine-assisted or manual water ﬂotation was
used for the separation of archaeobotanical remains from sediment
samples. Exceptions are the sites of Makri and Kleitos 1 in northern
Greece and partly Kovacevo in south-western Bulgaria. In the
former, dry screening of the sediments with a mesh of ca. 0.4 mm
aperture was employed for the separation of the anthracological
remains, while in the latter these were hand-collected during the
excavation process. In Kovachevo about a third of the studied material was directly picked out from wood fragments in the cultural
layer (Marinova and Thiebault, 2008). The laboratory study was
carried out on wood charcoal fragments usually >2 mm in size,
except for the sites of Toumba Kremastis, Varemenoi and Revenia in
northern Greece where also the examination of <2 mm fragments
was made necessary by the general scarcity of remains. All fragments were manually fractured in three anatomical planes (transverse, tangential and radial), examined with a reﬂected light
microscope and counted. Specialized literature (Schweingruber,
1990) and a reference collection of modern wood samples were
used for the identiﬁcation.
The datasets (Tables 2e4) are presented for each one of the
time-slices as deﬁned previously. They comprise the anthracological assemblage of each site/occupation phase, where we record
the number of analyzed samples, the recovery method, the
approximate volume of processed sediment, the complete list of
botanical identiﬁcations of woody taxa, and the proportions of the
taxa in the assemblage expressed as percentages of fragment
counts. Finally, the dataset includes information regarding the
presence of non-wood archaeobotanical remains related to the
identiﬁed woody taxa or relevant for the vegetation reconstruction
and land use (see below). Such information has been drawn from
published results when available and it is cited accordingly.
The anthracological diagrams for each time-slice were created
with the Tilia 1.17.6. software (Grimm, 2011). In these, the identiﬁed
taxa are classiﬁed by vegetation types based on the descriptions of

the potential natural vegetation of the area (Bohn et al., 2000/2003)
and previous archaeobotanical studies by Marinova and Thiebault
(2008). The types deﬁned are the following: A. (Mountain) pine
woodland, B. Deciduous oak woodland, C. Open woodland/forest
undergrowth, D. Meso-mediterranean elements and E. Riparian
woodland. Because some of the taxa could occur in more than one
of the vegetation types deﬁned above, the decision was made to
assign them to the most probable of them. This in cases leads to the
relocation of certain taxa in different groups or the presence of the
same taxon in different groups, but this approach was seen as the
most realistic assignment in agreement with the landscape features
and potential vegetation in certain areas. To give an example: the
taxon Fraxinus sp. may represent Mediterranean oak woodlands in
coastal areas and/or riparian woods in the case of sites located close
to wetlands.
5. Results
The anthracological results from northern Greece and Bulgaria
provide a picture of the local vegetation managed by the Neolithic
communities from 6500 cal. BC to 4900 cal. BC.
5.1. Time-slice 1 (6500-5800 cal. BC) (Fig. 3A, Table 2)
The ﬁrst time-slice is represented by information from ﬁve sites
which show quite diverse use of woodland resources and wild
fruits collected. Most uniform seems to be the evidence from the
sites of Paliamblea, Revenia and Kovachevo, where the wood
charcoal assemblage is clearly dominated by deciduous oak forest
(up to 80% of the wood charcoals), and indicates good availability of
wood resources. It also is evident that the same Neolithic communities had access to other habitats like pine woodland and riparian forests, most probably reﬂecting the preference to ecotone
habitats allowing access to variety of natural resources. The other
two sites from this period, namely Varemenoi and Dzhulynitsa,
show a lower presence of oak and clear afﬁnity to alluvial vegetation, which probably was the most common type of vegetation in
their surroundings. This kind of habitat was preferred by the ﬁrst
settlers of the area due to its richness of natural resources, availability of pastures and arable land on the river terraces.
5.2. Time-slice 2 (5800-5500 cal. BC) (Fig. 3B, Table 3)
Most of the sites from this time-slice are located in the Struma/
Strymon valley. They show a very uniform use of woodland resources and a clear continuity with the previous period in that the
main emphasis was on the use of the deciduous oak forests, while
also targeting pine woodland and riparian areas. It seems that apart
from the oak forests, a steady component of the land used was the
open woodlands and riparian communities, probably also visited
for pasture, fodder and fruit gathering. The more light-demanding
open vegetation, along with the presence in the Struma Valley of
some meso-Mediterranean elements (the area lies outside the
current Mediterranean zone) could be an indication of the wider
availability of a more open woodland and milder environmental
conditions, in particular less severe winters, than today. The sites on
the Aegean coast (Makri I) or close to it (Paliambela) were mainly
exploiting the deciduous oak woodland that would have expanded
throughout all lowland areas, up to the coast. Open vegetation was
an important feature of the coastal thermophilous woodland
(similar to the meso-Mediterranean elements), thus highlighting
the particularities as well as the suitability of such areas for the
establishment of agropastoral activities.
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Table 2
Wood charcoal and seed/fruits ﬁnds from time-slice 1 (information not available indicated with "*"). Fruit/seed ﬁnds from Revenia, after Kotzamani 2009.
1st time slice: 6500e5800 cal BC
site

Dzhulynitsa

Kovacevo IA/IB

Varemenoi

Revenia

Paliambela late EN

Paliambela EN

elevation (m a.s.l.)
dominant natural vegetation type

66
open oak forests

290
open oak forests

280
open deciduous
oak forests

34
alluvial mixed
broad-leaved
forests

70
mixed deciduous
and sclerophyllous
forests

70
mixed deciduous
and sclerophyllous
forests

reference

Marinova et al., 2013

number of samples
volume [liter]
total wood charcoal fragments
indet (absolute values)
Pine woodland
Pinus nigra/P.sylvestris
conifer
Deciduous oak forests
Quercus sp. deciduous
Quercus sp.
cf. Quercus sp.
Quercus sp. (seed/fruit)
Acer sp.
cf. Acer
Carpinus/Ostrya
cf. Carpinus
Open woodland/forest undergrowth
Cornus sp.
Cornus mas (seed/fruit)
Corylus avellana
Corylus avellana (seed/fruit)
Corylaceae
Viburnum sp.
Cornus/Viburnum
Maloideae
cf. Maloideae
cf. Sorbus/Crataegus
Malus/Pyrus/Sorbus (seed/fruit)
Prunus sp.
Prunus sp. (seed/fruit)
cf. Prunus
Rosaceae
cf. Juniperus
Juniperus sp.
Juniperus sp. (seed/fruit)
Pistacia terebinthus
Pistacia terebinthus (seed/fruit)
Rubus fruticosus s.l. (seed/fruit)
Rubus (seed/fruit)
Meso-mediterranean elements
Ficus carica
Ficus carica (seed/fruit)
Monocotyledoneae
cf. Arbutus unedo
cf. Fabaceae
cf. Quercus ilex
Riparian woodland
Fraxinus sp.
cf. Fraxinus
Ulmus sp.
Salix/Populus
cf. Salix/Populus
Alnus sp.
Vitis vinifera
Vitis vinifera var. sylvestris (seed/fruit)
Cornus sanguinea (seed/fruit)
Sambucus (seed/fruit)
Sambucus nigra (seed/fruit)
Sambucus ebulus (seed/fruit)
Trapa natans (seed/fruit)

4
92
376
7

Marinova and
Thiebault 2008
8
1497
1486
19

33
*
101

73
2336
317

57
c. 2500
434
5

61
c. 3000
577
3

2.51
0.14

24.50
1.00

3.4

0.7

0.4

76.03

21.40

72.3

55.9
10.6

75.8
10.1

43.5

0.3
1
0.5
1.98

13.56
1
4.8
1

0.27
0.07

12.59
1
0.47
1

0.2
0.7

1.00

0.2

0.2
0.2
0.2

1
2.1
0.3

3.95

1.29

1.00
1.00
1.00
2.00

0.2
8.6
0.7

14.5

10.5

1.96
7.63
1

1
3.1
1

0.41
1

1.5

1.00
0.68
0.07
1.7
1
1.2
1

1
1

1
1
0.2
1
0.7

0.07
0.81
0.34
2.54
3.39
2.26
14.97
1.41

1

0.20
0.47
0.88
0.14
0.61
1
1
1

29.60
1.00

2.4

13.30

5.8
0.3

1.00
1.00

10.1
0.5
0.2
0.7

2
0.2

0.5
1

1
1
1

5.3. Time-slice 3 (5500-4900 cal. BC) (Fig. 3C, Table 4)
For this period the anthracological record reﬂects a great diversity of vegetation types and landscapes, with several sites

located in the Mediterranean and sub-Mediterranean climate and
vegetation zones. Although the general composition of the wood
charcoal assemblages from all sites is diverse, again a clear preference for oak woodland is visible, indicating its relatively good
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Table 3
Wood charcoal and seed/fruits ﬁnds from time-slice 2.
2nd time slice: 5800e5500 cal BC
site

Ohoden

Slatina

Kremenik

Galabnik III

Balgarchevo Ilindentsi
I

Makri I

Paliambela

elevation (m a.s.l.)
dominating natural vegetation type

190
open oak
forests

550
oak forests/
riparian

690
open oak
forests

650
oak forests/
riparian

405
open oak
forests

245
open oak
forests

reference

Marinova
2009
17
130
742
43

Marinova
2006
16
186
1274
25

Marinova et al.,
2002
5
25
352
28

Marinova et al.,
2002
10
100
237
7

50
mediterranean
sclerophyllous oak
woodland
Ntinou 2002

8
84
614
8

11
181
591
22

6
c. 580
1028
95

70
mixed deciduous
and sclerophyllous
forests
Ntinou
unpublished
30
c. 1447
338
12

10.43
4.35

2.81
0.66

1.93
2.28

0.11

2.8

45.25
5.14

56.06
0.88

32.51

88.2
0.9
89.1

nr. samples studied
volume [liter]
total wood charcoal fragments
indet (absolute values)
Pine woodland
Pinus nigra/P. sylvestris
Conifer
Deciduous oak forests
Quercus sp. deciduous
Carpinus/Ostrya
Acer sp.
cf. Acer
Fraxinus sp. (medit. oak woods)
Open woodland/forest undergrowth
Cornus sp.
Cornus mas (seed/fruit)
Corylus avellana
Corylus avellana (seed/fruit)
Maloideae
cf. Sorbus/Crataegus
Malus/Pyrus (seed/fruit)
Prunus sp.
Prunus sp. (seed/fruit)
Rosaceae
Juniperussp.
Juniperus (seed/fruit)
Pistacia terebinthus
Paliurus spina-christi
Fragaria vesca (seed/fruit)
Rubus fruticosus s.l. (seed/fruit)
Meso-mediterranean elements
Ficus carica
Ficus carica (seed/fruit)
Monocotyledoneae
Fabaceae
cf. Quercus ilex
Riparian woodland
Fraxinus sp.
cf. Fraxinus
Ulmus sp.
Salix/Populus
Alnus sp.
Taxus baccata
Vitis vinifera var. sylvestris
Vitis vinifera var. sylvestris (seed/fruit)
Sambucus sp. (seed/fruit)
Trapa natans (seed/fruit)

3

47.07
1.57

62.53
0.48

71.6
0.93

37.39
6.09

6.33

1.23

3.91

0.75
15.24
10.3
1
0.72
1
10.59

11.21
1
4.08
1
1.04
0.72

8.58
1
0.43

2.08
1
0.32

1

12.96

6.09

1.85
1
2.78
0.31

1.74
3.04
0.87

2.16

2.17

0.93

9.57
2.17

1

16.03
1
1
2.81
0.98
1
4.63
1
1.9
1

11.42
1
1.41
1
5.27

2.11
1
0.35
9.84
1

0.86

0.6
0.6

10.62

1.5

2.9

0.3

0.21
0.75

0.3

12.34
0.11
1

1
1

1

22.32
1
0.9
0.11
2.99
6.01
0.72
3.43
2.15
5.44

3.04
1.04
6.08

1.54

3.04

3.97

2.47

11.57
3.31

1.04

1.23

1.74
3.48
3.91

0.18
0.53
4.04

2.5
0.64

0.9
0.3

0.7
0.21
0.32

1

1
1

1
1

1

1

availability. Availability and systematic use of the open woodlands
also stands out. The exceptions are the sites of Kremasti and Kleitos
1 in northwestern Greece, where the mountain pine woodland is
dominant or co-dominant with deciduous oak forests. This could be
a reﬂection of the local characteristics and/or the preferences of the
speciﬁc community. Indeed, the importance of mountain conifer
forests is testiﬁed in all the sites located in the western hinterlands
of northern Greece, such as Avgi and Dispilio. In parallel, the systematic use of open woodlands and meso-Mediterranean vegetation stands out in the coastal areas. Fruit/nut resources procured
from the different vegetation types continued to form part of the
plant economy of the sites.

6. Discussion
6.1. Regional and local vegetation patterns: palynology and
anthracology
Insights into the environmental setting in which farming communities settled and continued to occupy for several millennia are
provided by the palynological record: this is in general agreement
with the anthracological results from the Neolithic sites. The data
from pollen sites in the study area show that tree cover increased
rapidly during the Early Holocene. Recent studies on the Holocene
palaeoclimatic evolution (see section “3.2. Main stages of the
vegetation development”), conﬁrm that a major climatic change
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3rd time slice: 5500e4900 cal BC
site

Hadzhidimitrovo Balgarchevo Kovacevo Avgi III
II
(well)

elevation (m a.s.l.)
dominant natural vegetation type

145
405
open oak forest/ open oak
woodland
forests

reference

Marinova and
Hristova in press
32
205.5
110
13

nr. samples studied
volume [liter]
total wood charcoal fragments
indet (absolute values)
Pine woodland
Fagus sp.
Abies sp.
Pinus nigra/P. sylvestris
Juniperus sp.
cf. Juniperus sp.
Conifer
Oak forests
Quercus sp. deciduous
Quercus sp. (seed/fruit)
Carpinus/Ostrya
Acer sp.
cf. Acer
Tilia sp.
Hedera helix
Fraxinus sp. (medit. oak woods)
cf. Ilex aquifolium
Open woodland/forest undergrowth
Cornus sp.
Cornus mas (seed/fruit)
Cornus/Viburnum
Corylus avellana
Viburnum sp.
Maloideae
Malus/Pyrus (seed/fruit)
Prunus sp.
Prunus amygdalus
Prunus dulcis (seed/fruit)
Prunus sp. (seed/fruit)
Rosaceae
Juniperus sp.
cf. Juniperus
Juniperus (seed/fruit)
Pistacia terebinthus
Pistacia terebinthus (seed/fruit)
Rhus coriaria
Clematis sp.
Paliurus spina-christi
Fragaria vesca (seed/fruit)

21
*
180
2

Avgi II

Dispilio E

Dispilio G Kleitos 1

Kremasti

290
740
740
620
620
746
661
open oak deciduous deciduous deciduous deciduous deciduous deciduous
forests
oak forests oak forests oak forests oak forests oak forests oak forests

1
60
576
17

Karkanas
et al., 2011
2
*
704
36

Karkanas
et al., 2011
5
*
1545
69

28.54
0.95

31.00
2.50

0.47
14.09
4.27

43.20
9.70

0.76

0.10

0.14

44.22

41.78

49.30

51.83

0.83

0.19
2.27

0.10
0.70

2.44

9
c. 72
895
47

12
c. 80
558
29

Ntinou
2014

670
3

Ntinou
unpublished
179
1440
503
6

Paliambela

Makri II

Limenaria

70
mixed deciduous
and sclerophyllous
woodland
Ntinou 2014

50
mediterranean
sclerophyllous oak
woodland
Ntinou 2002

5
mediterranean
sclerophyllous oak
woodland
Ntinou 2012

8
433
119
12

12
c. 1000
1420
116

11
*
676
14

42.5
1

23.87

0.15
4.04

48.57

1.90

56.07

9.09

72.03

43.40
1.42

4.62

15.61
1

26.30

11.91

84.90

0.21

10.40
1.20

0.50
0.10
0.40

19.05
1

1.90

1.10

56.67
10.06
0.21
1.64

0.07
0.27

0.1
0.10
35.40

0.12

0.08

9.97

0.71

1.13

1.80

4.88

1.70

0.47

0.12

0.08

0.30

0.47

3.67

3.89

16.45

4.20

8.54

0.80
0.90
4.20

4.93

7.10

1.05

4.13

2.27

1.50

0.75

0.90

4.93

1.40

1.36

0.21
3.90

1.20
1

1.23

2.89
1
4.76
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Table 4
Wood charcoal and seed/fruits ﬁnds from time-slice 3. Fruit/seed ﬁnds from Makri II, after Valamoti 2004; from Limenaria, after Megaloudi and Papadopoulos, 2012.

1.51

0.15
1
1

1
2.31

1
0.35

0.07

1.00
1.50

0.30

1.15

0.80

4.70
1

29.00
0.76
1
8.76
1

0.14
0.80
0.20
1
(continued on next page)
9

10

3rd time slice: 5500e4900 cal BC
site

Hadzhidimitrovo Balgarchevo Kovacevo Avgi III
II
(well)

Rubus fruticosus s.l. (seed/fruit)
Rosa sp. (seed/fruit)
Meso-mediterranean elements
Ficus carica
Ficus carica (seed/fruit)
Pinus brutia/P. halepensis
Cupressus sempervirens
Phillyrea/Rhamnus alaternus
Arbutus sp.
cf. Arbutus unedo
Quercus sp. evergreen
Quercus sp.
Pistacia sp.
cf. Pistacia
Pistacia lentiscus
Cistus sp.
Erica sp.
Ericaceae
Jasminum sp.
Fabaceae
cf. Fabaceae
Monocotyledoneae
Capparis sp. (seed/fruit)
Riparian woodland
Fraxinus sp.
Ulmus sp.
cf. Juglans regia
Salix/Populus
Alnus sp.
Vitis vinifera var. sylvestris
Vitis vinifera var. sylvestris (seed/fruit)
Sambucus sp. (seed/fruit)
Laurus nobilis
Tamarix sp.
Vitex agnus-castus

1

Avgi II

Dispilio E

Dispilio G Kleitos 1

Kremasti

Paliambela

Makri II

Limenaria

1
1
3.40
1

1

0.21

0.20

0.15
1
0.60
3.02
11.33
10.42
0.15
0.30
1.51
2.57
0.15
2.57
0.45
0.60

0.21
0.45
0.50
0.95
0.30

0.14
1

9.52
14.29

6.36
5.20

0.70
1.92

2.89

1.22

1

1

0.35
0.71
0.12

0.95
1
1

5.67

2.70
0.40

4.67
1.08

6.00
1.70

4.00
0.30

4.40
0.27

0.20

3.70

1.90
0.90

0.10
0.10
0.10

1

1
0.15

0.30
0.20
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Fig. 3. Summary diagrams for the three time-slices (raw data given in Tables 1e3). The bars represent percentage values of the wood charcoal belonging to deﬁnite vegetation
types, the dots indicate the presence of data for fruit/seed ﬁnds belonging to the same vegetation type. 3A: time-slice 1; 3B: time-slice 2; 3C: time-slice 3.

took place between 8.4 and 8.1 ka BP (6450 and 6150 cal. BC). The
anthracological results from sites that date before, during and after
the 8.2 ka BP event all (Fig. 3A) document the presence of deciduous oak woodland and no signiﬁcant change or expansion of any
other alteration. In the anthracological record no vegetation types
that would indicate the effect of climatic change are detectable, nor
is any modiﬁcation manifested in the fuel procurement strategies of
the ﬁrst Neolithic communities. We may consider the possibility

that the pollen record reﬂects broader regional scales and might
display a ﬁner resolution, while at the local level vegetation cover
and especially woodland was more inert to climatic change. In this
respect, it is important to stress that several studies indicate a more
complex interplay between global climatic change and local conditions during the 8.2 ka BP event (Lespez et al., 2013; Peyron et al.,
2011; Pross et al., 2009). What has been observed in certain cases is
a switch to moister conditions with distinct hydro-sedimentary
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Fig. 3. (continued)

impacts, which are reﬂected in the settlement patterns of the
Neolithic communities, causing their relocation in nearby areas.
Such phenomena have been observed at the lower levels of the
mound of Dikili Tash in eastern Macedonia, Greece, directly above
the ﬁrst evidence for a Neolithic presence in ca. 6200 BCE (Lespez
et al., 2013; Glais et al., 2016). Similarly, geoarchaeological
research in the plain of Thessaloniki, in relation to the Early
Neolithic settlement of Nea Nikomideia, showed that during the
second half of the 7th millennium cal. BC the site was located at the
margins of a freshwater lake, but was deserted at the beginning of
the 6th millennium cal. BC as a consequence of a palaeoenvironmental change driven by the 8.2 ka event (Ghilardi et al.,
2012). The palynological evidence from further north, from lakes
situated in the mountains surrounding the Strymon valley (Tonkov
et al., 2013), suggests an increase in precipitation with milder
winters and cooler summers (i.e. the rise of Abies- and Pinus-pollen
curves). It is thus evident that on a local level, the effect of the 8.2 ka
climatic event took diverse expressions.
The start of the climate optimum around 8000 cal. BP (6000 cal.
BC) facilitated the spread of mixed oak forests at low and midaltitudes, where the ﬁrst prehistoric settlements were founded.
Oak forests are also the most abundant of the vegetation types in
the anthracological record of the study area. For the most part, the
Holocene was characterized by increased diversity of deciduous
woodland, while continuous and pronounced human impact becomes visible in the pollen records only after ca. 3700-3600 cal. BP,
when Cerealia and ruderal plants increase (Marinova et al., 2012).
6.2. Local vegetation near the Neolithic sites in the Balkans and
adjacent areas
Our results show extensive use of oak woodlands throughout
the three time-slices (6500-4900 cal. BC). The diversity of environments chosen by the Neolithic communities is attested by
various other vegetation types used as well. Forest borders and

undergrowth were systematically utilized in all areas; their management seems to increase, especially in the second time-slice
(5800-5500 cal. BC), a period that sees increasing settlement activities in the study area and the unbroken inhabitation of same
locations, which in the case of the Bulgarian sites change after
5500 cal. BC. Riparian vegetation indicates proximity to water
sources: its relatively high percentage proportions (30e40%) could
be due to the proximity of certain sites to alluvial forests or a lower
abundance locally of oak woodland, which lead to use of those
resources. Given the natural vegetation available around most of
the sites with such higher abundance of riparian woods, it seems
that the ﬁrst suggestion is more plausible. Black pine woodlands
were characteristic of hinterland locations and/or higher altitudes.
The presence of these pines in lowland areas of northern Greece
and southern Bulgaria could be associated with contacts and/or
exploitation of the nearby mountain ranges, but probably in the
past these trees extended over broader areas and at lower altitude
as remains of Late Glacial pine woodland.
Subtle local vegetation differences can also be observed in the
anthracological record. Thus, evergreen woodland would have been
an important source for ﬁrewood procurement at Limenaria on
Thasos, while on the mainland patchy elements of the evergreen
woodland would have been present in open deciduous formations.
The presence of evergreen theromphilous taxa (Table 3) at coastal
sites indicates that, irrespective of the anthropogenic factors that in
the long-term might have enhanced their expansion, these taxa
were probably an early characteristic of coastal areas and the
islands.
Anthracological results from the broader Balkan and adjacent
areas show a similar pattern. At the time of the Mesolithic occupation of Vlasac, Serbia, deciduous Quercus forests would have
already been well-developed near the Danube. Other taxa such as
Acer, Carpinus and Cornus mas would have formed understory
vegetation or shrubby formations at the forest outskirts, in clearings, or by the river banks (Filipovic et al., 2010). In the Visoko
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basin, central Bosnia, the anthracological record from three Late
Neolithic settlements, Okoliste, Kundruci and Zagrebnice, indicates
the existence of different vegetation types depending on the
topographical location of the sites as also seen in the results of the
present study. The broad valley bottom was probably dominated by
oak. High amounts of light-demanding taxa in connection with
their regular occurrence in the macrobotanical record might indicate maintenance or protection of their stands (Schroedter et al.,
2012), a pattern suggested also by the results of the current study
(Fig. 3).
In north-eastern Istria, the wood charcoal analysis from the
Neolithic sequence of the Pupicina Cave shows that during the
Middle Neolithic period, the forest around the site was composed of
deciduous, thermophilous and moisture-loving trees (elm, beech,
deciduous oak and ash). From the Late Neolithic onwards, the local
vegetation became increasingly diverse, marked particularly by the
expansion of Mediterranean evergreen and shrubby plants. The
overall increase in taxonomic diversity may reﬂect a state of mild to
moderate disturbance in the gorge due to human activities as well
as a vegetation change related to a shift to drier conditions in the
Adriatic region during the mid-Holocene. Nevertheless, the main
woodland taxa such as oak and ash continued to be present
throughout the sequence (Fletcher and Madella, 2006) indicating,
as also seen in our study that in the broader area of the Balkans
characterized by temperate climate, woodland use during the
Neolithic had a more or less sustainable character.
Further to the north, the anthracological data from seven set€ ru
}, Polga
rtlements located in the Tisza Valley, Hungary (Nagyko
€ o
t, Polga
r-Pio
 c
} lo
}, Ocs
€ d-Kova
shalom, Polga
rFerenci ha
asi-du
} szhalom tell, Polga
r-Cso
} szhalom-du
} lo
} , Polga
r-Bosny
Cso
akdomb)
and from the settlement of Moravanyi in Slovakia provide information for the surrounding local vegetation (Moskal-del Hoyo,
2013; Moskal-del Hoyo et al., 2015). Deciduous Quercus and
Ulmus prevailed in all cases and Cornus was an important element
of the vegetation. Three main vegetation types characterized the
surrounding landscape: a) deciduous oak woodland near the settlements, b) Quercus-Ulmus-Fraxinus woodlands in the areas
affected by periodic inundations of the river, and c) riverine vegetation with Salix and Populus. The anthracological data from the
} szhalom tell (5000e4500 cal
most recent phase of the Polg
ar-Cso
BC) show the highest diversity of heliophilous plants, suggesting
the expansion of open vegetation around the settlement due to
human activities. This evidence is also in accordance with the observations made in the area considered by the present study
(Marinova et al., 2013; Marinova and Thiebault, 2008).
Summarizing the anthracological data, deciduous oak woodland
would have been the prevalent vegetation locally around most of
the Neolithic sites between 39 and 48 N. The particularities of the
topographic location of settlements are highlighted by the role that
other vegetation types play. The location of those sites in different
environments is indicated by the management of the corresponding vegetation types: riverine valleys with Quercus, Ulmus, Fraxinus
woodland, coastal areas with open vegetation with sun-loving taxa,
high altitude and proximity to mountain ranges with mountain
conifers and Fagus.
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Greece and Bulgaria are characterized by the predominance of
deciduous oak at all phases of the Neolithic, which indicates the
availability and abundance of oak woodland as the likely natural
vegetation type in most areas. The location of the settlements at
diverse environmental settings, close to water bodies (i.e. Varemenoi), coastal areas (Limenaria, Makri), lowlands with open forests (Danube plain), mountain foothills (Struma valley), high
mountains ranges with coniferous forests (i.e. the sites of western
Macedonia, Greece) or woodland-steppe (Thracian plain) deﬁnes
the degree to which other vegetation types were targeted for the
procurement of ﬁrewood and timber.
Our data (Fig. 3A, B and 3C) indicate that the ﬁrst occupation of
the settlements, irrespective of the chronological period at which
this takes place, is characterized by the systematic exploitation,
alongside the oak woodlands, of riparian vegetation, undergrowth
and forest borders and pine woodland. This is especially the case of
the Early Neolithic sites of Varemenoi and Dzhulynitsa (Fig. 3A) and
of all of the sites that become settled after 5800 cal. BC (Fig. 3B). At
some sites with longer sequences of habitation such as Paliambela,
Makri, Dispilio and Avgi (Fig. 3B and C), the riparian vegetation and
open woodland types became progressively less important, while
oak woodland remained the basis for the procurement of fuel and
timber. Indeed its management intensiﬁed in certain cases such as
Makri and Paliambela. Our hypothesis is that such a pattern may
reﬂect the necessities of a community settling for the ﬁrst time in
an area (Fig. 4). In a wooded environment, a ﬁrst priority of a
farming community establishing itself would have been to shape
the space for domestic use, farming and communication. In other
words, to clear land for buildings and structures, cultivation plots,
grazing and paths. Riparian woodlands, wherever they existed,
would have been economically important as probably the optimal
space to obtain grazing land and to gather natural food resources.
The open vegetation of the forest borders would have been easier
and faster to clear to obtain free space for habitation, ﬁelds, pasture
and related activities. At the same time it is also that component of
the environment which provides diversity of fruits and nuts,
valuable food resources, and was probably incorporated in the
plant economy of the Neolithic population. Once these initial needs
were accomplished, fuel and timber procurement would have
become part of the farming calendar and an organized activity.
From then onwards the abundance, availability and accessibility of
resources would have become the important factor in the

6.3. Woodland use, management and farming activities
As the anthracological assemblages selected for this study come
from long-term accumulations of wood charcoals in the settlements, they mostly represent the remains of wood fuel used there.
They may thus reﬂect the composition of the forests and viewed in
combination with other lines of evidence, like carpological records
and palynology, they can provide information on the woodland
management practices. The anthracological results from northern

Fig. 4. Schematic presentation of our hypothesis for the management of the natural
vegetation by Neolithic communities during incipient settling and consecutive
development of the settlement.
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management of the vegetation for fuel supplies.
These requirements would have been met in the oak woodland,
where the felling of trees with the aid of tools or occasionally the
collection of dead wood would have been the fastest and most
effective ways to provide the households with ﬁrewood and other
necessary timber. We may therefore suggest that it would have
been in the early stages of settling that the effect of clearing would
have been more evident. This would be the reason behind the
increased presence of various vegetation types in the anthracological diagrams and for the erosion observed in some sequences
and pollen cores at the early phase of settlement (Glais et al., 2016;
Kouli and Dermitzakis, 2008). Finally, from the earliest time period
being here considered, people also targeted other wood resources,
such as riparian woodland and the pine forests. It is plausible to
suggest that pine stands were still spread over wider areas, as
relicts from the Late Glacial vegetation, and that people collected
them also for speciﬁc uses (like for example tar production or
similar). In areas rich in conifers such as western Macedonia
(Lawson et al., 2005; Panagiotopoulos et al., 2013), the anthracological results from the Neolithic sites of Kremasti, Kleitos 1, Avgi
and Dispilio (Fig. 3C) indicate the use and importance of these
woodlands.
After the initial stage of settling, the use of the oak woodlands
became systematic down the centuries; this seems to have
remained quite constant. The strong fragmentation of the wood
charcoals in most of the sites makes it difﬁcult to obtain dendrological data and diameter measurements. Therefore it is not
possible to discuss the evolution of these woodlands around the
sites over longer periods of time or to deﬁne the areas where
ﬁrewood was procured (e.g. old woodland stands, regenerated
woodland, see Dufraisse, 2008). However, it is evident from the
anthracological data presented that changes in the composition of
the oak woodlands or shifts to other vegetation types did not take
place in the course of the examined period. We may therefore
suggest that the local oak woodlands remained the dominant and
most available fuel sources throughout.
Neolithic activities, including the management of the woodlands, are closely linked to the farming practices of the community.
The needs for cultivated land and grazing areas would have been
covered at the expenses of the natural vegetation. The scale of
deforestation would have largely depended on the scale and intensity of the farming activities. In the study area, no changes are
observed in the composition of the dominant local deciduous oak
woodlands, and this is especially observed in sites with longer sequences such as Paliambela, Kovachevo, Balgarchevo, Makri, Dispilio and Avgi (Fig. 3AeC). Ever-expanding forest clearing for the
acquisition of farming land is not supported by the anthrcological
data; instead, long-term stability of the local woodlands is implied.
These characteristics indicate sustainable management of the natural vegetation linked to resilient farming practices where there
would have been no need for continuous clearing of forested land
for farming. Thus severe disturbance of the natural vegetation
would have been prevented.
Such a view is in agreement with other lines of evidence that
study the characteristics of the early farming economies in Greece
and the rest of Europe. A small-scale, labour-intensive farming
model is described by Halstead (2000) and suggested by recent
isotopic studies (Bogaard et al., 2013; Vaiglova et al., 2014). The
cultivation of small plots near villages and hamlets was combined
with livestock keeping (Bogaard, 2004; Halstead, 2000). Animals
could be fed with crop processing by-products and/or graze in the
ﬁelds, enhancing through manuring the productivity of the latter,
which under such conditions could have been used for several
generations. Pollen and sedimentological studies at the lakeside
settlement of Dispilio (Kouli and Dermitzakis, 2008) and at Dikili

Tash (Glais et al., 2016) show the presence of Cerealia pollen, weeds,
ruderal plants, anthropozoogenous taxa, coprophilous fungi and
erosion in the sediments following the earliest habitation phases.
Early human impact on the vegetation and environment occurred
at a local scale, while on the regional landscape only a minor effect
would be seen (Glais et al., 2016). The anthracological data available
from the same sites show that the oak woodlands remained the
main source of ﬁrewood and timber through time, probably for
more than 1000 years (for Dispilio Fig. 3C and also Karkanas et al.,
2011; for Dikili Tash Psarroy, 2002; Malamidou et al., in press). In
line with the above, most of the pollen studies in the southern
Balkans and northern Greece suggest a late Holocene date (after ca.
3600 cal. BP) for a clear recognition of an anthropogenic impact on
the regional vegetation.
7. Conclusions
Anthracological analyses from prehistoric sites located in
different environmental settings of northern Greece and Bulgaria
provide information on the local vegetation (within c. 1 h walk) in
their surroundings. They highlight characteristics speciﬁc to each
area that are related to latitudinal and altitudinal differences, as
well as proximity to sea. The dataset hereby presented indicates
that for the whole region under review here accessibility and
availability would have been key factors determining the systematic ﬁrewood procurement.
In most of the sites throughout the study area and during all
periods the potential natural vegetation was the most common
source of ﬁrewood. This would have been determined by similar
environmental and relatively stable climatic conditions throughout
the considered time span. The vegetation types mostly used were
the ones that predominated in the surroundings, more speciﬁcally
the deciduous oak woodlands. This observation brings into harmony both anthracological and pollen analyses in the Balkan
Peninsula, which indicate the importance of the deciduous oak
woodlands from the onset of the Holocene climate optimum. The
characteristics of the predominant vegetation types extant during
the Neolithic are also in agreement with present day descriptions of
the potential vegetation of the areas under study.
The plant taxa used by the prehistoric communities for ﬁrewood
were growing in the plant formations surrounding the settlements.
The diversity of the habitats recorded simultaneously in most of the
sites (e.g. pine woodland, deciduous oak woodland, open woodland/forest undergrowth, meso-mediterranean elements and riparian woodland) conﬁrms the preference of the prehistoric
communities for settling in ecotone areas with a range of resources
that would assure the viability of their activities. Additionally the
fruits of many of the plants from those habitats seem to have been
collected and consumed.
The anthracological evidence presented here indicates that
since the earliest stages of settlement the woodland management
was sustainable, mainly being directed to the creation of relatively
small open spaces for habitation and farming activities. This could
correspond to a speciﬁc land-use strategy favouring the fruityielding trees and shrubs resulting in richer woodland resources
for human consumption and pasture and could correspond to a
purposeful favouring and management of those. No clearly pronounced deforestation is observed. The anthracological data
together with other lines of evidence all indicate that small scale,
mixed farming during the Neolithic shaped the landscape locally
around the settlements with the opening of the canopy. However,
long-term use of the same cultivation and grazing lands prevented
from large scale deforestation. Deciduous oak woodlands became
an integral part of the Neolithic farming system and remained the
main source for fuel and timber throughout the Neolithic since they
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provided abundant and easily accessible resources.
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