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Abstract Pollen assemblages recovered from a 5 m

sediment core from the Vravron coastal marsh suggest a

close correlation between vegetation development and

human presence in Attica, and provide the first complete

record of middle to late Holocene vegetation history.

Correlation of pollen with archaeological data attempts to

decode the man–environment relations of the past, within

the context of the known climatic variability of the mid-

late Holocene, in the vicinity of ancient Athens, an area of

high historical significance. The pollen record of Vravron

denotes a rather variable landscape where open Mediter-

ranean evergreen pine woods alternated with maquis

shrublands and grasslands, where human activities and

climate have left their imprints on vegetation. During the

last 5,000 years agricultural practices displayed several

variations: cereal cultivation appears more intense during

the Bronze Age, especially in the Mycenaean, while a

spread of Olea is observed during Geometric to Classical

times. The gradual abandonment of Olea cultivation evi-

denced in our pollen diagram came as a result of the dis-

placement of human activities in the interior of Mesogaia

in Hellenistic and Roman times. Olea and cereal cultiva-

tion intensification is observed again during the Meso-

byzantine period. In the upper part of the core evidence of

intense soil erosion and expansion of Vravron wetland was

recorded, coinciding with the Little Ice Age climatic event

and the introduction of Arvanites populations in the area.

Keywords Pollen analysis � Vegetation history �
Holocene � Human impact � Greece

Introduction

Coastal areas are of particular interest for palaeoenviron-

mental studies in the Mediterranean, as they are biodiver-

sity hotspots and they exhibit environmental instability,

being extremely sensitive to both anthropogenic impact

and climatic change (Caroli and Caldara 2007; Mariotti

Lippi et al. 2007b; Di Rita and Magri 2009). Furthermore

their proximity to human settlement areas, in contrast with

small mountainous basins, has contributed to their early

exploitation in terms of water resources, animal husbandry,

farming practices or ports (Mariotti Lippi et al. 2007a;

Sadori et al. 2010a). In this respect, the study of coastal

areas deposits combined with information from archaeo-

logical and historical sources contribute to our knowledge

of natural and historic landscape interactions (Marinova

and Atanassova 2006; Bellini et al. 2009; Pavlopoulos et al.

2010; Sadori et al. 2010b).

Mesogaia, the countryside of the city of Athens (Fig. 1),

has been the setting of several archaeological investigations

and excavations, given its great significance for the history of

the Athenian Democracy. Vravron, lying on the east coast of

Mesogaia, is an area of great historical significance, mainly

famous for the Archaic and Classical sanctuary of Vravronia

Artemis. The area, already inhabited in the Early/Middle

Neolithic (Apostolopoulou-Kakavoyanni 2001a) contains

important prehistoric settlements, which became a sacred

place after Geometric times and was abandoned in Roman

times. During the last millennia the area has experienced

changes in palaeogeography related to the progradation of the
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Erasinos River, fluctuations in sea level and sustained human

impact on the ecosystem (Triantaphyllou et al. 2010).

The archaeological deposits of the Cave of Kitsos in

Lavrio (Renault-Miskovsky 1981) and the marshy deposits

of the Marathon coastal plain (Kouli et al. 2009) are the

only sites that have been investigated in Attiki by means of

palynology. Additionally a summary pollen diagram has

been presented in Triantaphyllou et al. (2010). All other

pollen sites (Fig. 1) are found at a distance of several

kilometres in neighbouring basins, such as Kopais (Turner

and Greig 1975; Allen 1990), Megaris (Jahns 2003) and in

the Peloponnese (Argolis—Sheehan 1979; Koiladha—

Bottema 1990; Lerna—Jahns 1993; Nemea—Atherden

et al. 1993; Aliki—Kontopoulos and Avramidis 2003;

Kotihi—Lazarova et al. 2009). Therefore considerable

uncertainty exists about the Holocene vegetation history of

Attica. In the present study, an effort to fill this gap by

reconstructing the vegetation history since 3000 B.C. is

attempted.

Given that pollen analysis of coastal sediments must

consider the pollen input deriving from the vegetation of

the entire river catchment, mixed together with the ‘‘local’’

component coming from the littoral vegetation (Mariotti

Lippi et al. 2007a; Bellini et al. 2009; Sadori et al. 2010a),

the palaeovegetational reconstruction, not only relates to

the local environment of the site but also to the entire

Mesogaia basin. Furthermore, through the correlation of

information from pollen and archaeological data on both

the environment and the cultural context, the decoding of

man–environment relations of the past is progressing.

The setting of the area

The Vravron wetland, located on the eastern coast of the

Attiki peninsula, 38 km east of the city of Athens, extends

from the borders of the synonymous archaeological site to

the coastal zone, following the Erasinos River. The Erasinos

River has a catchment area of about 210 km2, draining the

central and southern parts of the Mesogaia basin. The base-

ment of the broader Vravron area consists of the ‘‘NE Attika’’

geotectonic unit that represents a ‘‘relatively autochtho-

nous’’ metamorphic sequence (Lepsius 1893; Mariolakos

and Papanikolaou 1973), while a large part of Mesogaia is

Fig. 1 a Location of the

discussed Greek pollen sites, the

Vravron area is indicated by a

small rectangle. b Relief map of

Attiki and c map of the Vravron

area by Kaupert (1875–1894)

where location of core VG3 is

indicated
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covered by Tertiary and Quaternary alluvial deposits (Lozios

1993). Late Miocene to Holocene lacustrine and terrestrial

sediments occur along the Erasinos River on the Vravron

coastal-estuarine plain, transgressing to marine deposits near

the river mouth (Verginis 1995). A speleodoline with a rich

assemblage of fossilized vertebrates, including Canis lupo,

Vulpes vulpes, Ursus arctos, Panthera leo, Cervidae, her-

petofauna and avifauna of an age of ca. 25–27 kyr, has been

found in the hilly area, southwest of the coastal plain

(Symeonidis and Rabeder 1995). The sea level rise of the

area was estimated at a rate of about 0.74 mm/year during the

last 4710 cal. year B.P., slightly different from that estimated

by the Lambeck and Purcell (2005) model, due to the tectonic

uplift of the area (Triantaphyllou et al. 2010).

The Vravron area records a long history of human settle-

ment with Early to Middle Neolithic being the earliest

finds (Apostolopoulou-Kakavoyanni 2001a). Archaeological

investigation has shown that the small Early Bronze Age

inhabitation developed into a flourishing community with a

‘‘city-like’’ organization in the Middle Bronze Age, and an

acropolis during the Mycenaean (Apostolopoulou-Kaka-

voyanni 2001b, c; Polychronakou-Sgouritsa 2001). At the

time Vravron bay was serving as a port (Apostolopoulou-

Kakavoyanni 2001d; Polychronakou-Sgouritsa 2001). Tra-

dition says that Greek troops left for Troy from Vravron bay.

At the end of the Mycenaean period the collapse of the

acropolis system led to the dispersal of the population into

small agricultural communities (Apostolopoulou-Kaka-

voyanni 2001d). The start of the cult of Vravronia Artemis in

Geometric times is connected with the return from Taurus of

Iphigenia who served as the first ‘‘Ieria’’ (priestess) in the

sanctuary. The sanctuary flourished in Archaic and Classical

times (Kontis 1967; Steinhaouer 2001a, b) and was considered

one of the most important sacred places for the Athenians. It

was destroyed by the flooding of the Erasinos River at around

the end of the third century B.C. and, despite several efforts to

repair it by the Demos of Athens, it was buried under the

Erasinos deposits (Papadimitriou 1948; Kontis 1967). During

Roman times, the property system displaced the settlements

further inland in Mesogaia, while most coastal areas, like

Vravron, appear to have been deserted (Steinhaouer 2001c).

Around A.D. 450 the Palaeochristianic basilica of St George

was constructed in the area of the ancient sanctuary (Kontis

1967). The exact location of the famous sanctuary of Artemis

was discovered and excavated by the archeologist I. Papa-

dimitriou in 1948.

Today the climate of the area is typical Mediterranean with

warm, dry summers and mild, humid winters. The mean

annual precipitation for eastern Attica is 567 mm; the monthly

air temperature ranges between 27 and 10�C with a mean

annual value of 18�C (Hellenic National Meteorological

Service, Marathon station, 1925–1995 interval). The area is

exposed to NNE winds, mainly prevailing during summer.

The Erasinos River is a source of rich biodiversity as the

lush vegetation on its banks provides nesting sites for

several bird species and the brackish waters of its estuary

hold large numbers of fish, providing prey for the birds.

The vegetation of the restricted wetland consists mainly

of Potamogeton sp., Phragmites australis, Juncus sp. and

Arundo donax. Halophytic associations consisting of

Juncetalia maritime and Arthrocnemetalia fructicosae grow

all around the coastal marsh. On the sea cliffs the presence

of Limonium spp. has been recorded. Around the wetland,

the hilly areas are covered by maquis vegetation with

Juniperus oxycedrus, J. phoenicea, Pistacia lentiscus,

Ceratonia siliqua, Olea europaea and Quercus coccifera,

and phrygana with Sarcopoterium spinosum, locally

affected by grazing.

In the broader area the vegetation appears highly influ-

enced by human activities. Mesogaia is predominantly

under vine and olive cultivation. Other plants cultivated

include pistachio and fig trees and various vegetables.

Mediterranean pine forests with Pinus halepensis occur on

the hilly and mountainous areas around the basin. During

the last decades, especially after the transfer of Athens

International Airport to the area, Mesogaia has turned into

a rapidly developing urban area.

Materials and methods

Within the framework of joint environmental studies in the

Vravron coastal area, systematic coring of the coastal

marsh deposits has been carried out. In the present study a

5 m core (VG3), consisting of silts and fine sands, was

selected as it represented the most complete sequence

record. Micropalaeontological and sedimentological stud-

ies (Triantaphyllou et al. 2010) have recognized four

lithostratigraphic units in the Vravron sequence. Units A

(500–300 cm) and C (250–100 cm) correspond to an open

marine depositional environment. Unit B (330–250 cm) is

characterized by repeated flooding events recorded mainly

by the abrupt decrease in epiphytic foraminifera species

and marine ostracod species, and an increase in oligohaline

ostracod species. The observed faunal changes are attrib-

uted to a reduction in water salinity due to intense fresh-

water input in the marine ecosystem during the end of

Classical to Roman times (Triantaphyllou et al. 2010).

Finally unit D (100 cm to the top of the sequence) displays

a transition towards brackish environments (Triantaphyllou

et al. 2010).

Four AMS radiocarbon datings of marine gastropods

were carried out at Beta Analytic Inc. Miami, Florida.

Marine gastropods turned out to be the only available

dating material as no plant macroremains, organic rich

sediments or tephra layers were recovered. Radiocarbon
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dates were calibrated using CALIB 5.0 (Stuiver and Rei-

mer 1993) with a regional reservoir age correction of

149 ± 30 years for the Aegean (Facorellis et al. 1998).

Calibrated and calendar ages are given in Table 1 (after

Triantaphyllou et al. 2010). The chronological framework

of the core is based on the radiocarbon dates obtained. In

addition cross correlation of palaeoenvironmental data with

the archaeological context of the area provides a more

complete time frame.

In total 45 samples throughout the core available for pollen

analysis were chemically treated with HCl (37%), HF (40%),

acetolysed and sieved using a 10 lm sieve. A known quantity

of Lycopodium exotic spores was added to estimate pollen

concentration. Residues were mounted in silicon oil. Pollen

and spores were identified using the key of Moore et al. (1991)

and Reille’s (1992–1998) pollen floras, while non-pollen

palynomorph identification was based on Van Geel et al.

(1989, 2003). Pollen preservation was good and total pollen

concentration ranged from 160,000 to 3,000 grains/g, with an

average of about 64,000 grains/g of dry sediment. A sum of

ca. 350 pollen grains, excluding aquatics and spores was

counted in each sample. Percentage pollen histograms were

constructed based on a pollen sum of terrestrial pollen grains,

excluding hydrophilous pollen and spores. In the diagram

hydrophilous herbs include Sparganium, Potamogeton, Ty-

pha latifolia, T. angustifolia, Juncaceae and Myriophyllum.

Two pollen types of Quercus were distinguished:

Quercus evergreen comprising Q. ilex and Q. coccifera,

and Quercus deciduous that include all other oaks together

with Q. cerris and Q. suber. Carpinus orientalis/Ostrya

type includes both C. orientalis and O. carpinifolia as their

pollen cannot be distinguished palynologically. Carpinus

betulus has been distinguished but is not shown in pollen

diagrams as its participation in the pollen spectra was very

low and not continuous. Poaceae pollen were ascribed to

Cerealia-type on the basis of grain (bigger than 40 lm) and

annulus diameter size (bigger than 10 lm). Pollen grains of

the halophytes Hordeum maritimum and Elymus farctus,

occurring in the coastal vegetation of Vravron, could not be

separated palynologically and therefore are included in

Cerealia type. The pollen spectra yield several Plantago

types with P. major being the most abundant followed by

P. media. Both types are characterized by the absence of a

distinct annulus and operculum in the pores and the small

size of their pollen (Chester and Raine 2001). In the pollen

diagram all Plantago pollen types are included in one

curve. The identification of Ranunculus acris pollen was

based on the irregular distribution of rounded scabrae and

the occurrence of variation in thickness of the columellae

(Moore et al. 1991).

Human activity is displayed based on the occurrence and

abundance of pollen originating from crop plants such as

Cerealia type, Olea and Juglans and ruderals or secondary

indicator species (Behre 1990; Bottema and Woldring 1990).

The latter are mainly comprised of Plantago, Ranunculus

acris, Sarcopoterium, Rumex and Cichorioideae. The expan-

sion of Plantago, Sarcopoterium and Rumex as well as the

occurrence of Sordariaceae fungal spores are considered as

indicative of pastoralism (Bottema and Woldring 1990;

Eastwood et al. 1999; Knipping et al. 2008; Van Geel et al.

2003). Moreover a human/fire induced secondary vegetation

community is suggested by the pyrophytic species Juniperus,

Sarcopoterium, Ericaceae and Cistaceae (Kaniewski et al.

2007; Carrión et al. 2010b).

At the coastal site of Vravron the use of certain indicator

species, like Chenopodiaceae, Poaceae or Brassicaceae is

not possible as they also occur in the natural vegetation.

Therefore their increased abundances mainly reflect the

expansion of the halophytic habitat and they were not

considered in the present study.

Results

Six local pollen zones, indicated with the prefix VRA and

numbered from the bottom to the top of the core, were

identified on the basis of qualitative and quantitative

changes in the dominant terrestrial taxa (Figs. 2, 3). A brief

description of the pollen assemblage zones, of the period

they cover and of the vegetation change and anthropogenic

signal is presented in Fig. 4.

VRA 1 (4.96–3.95 m; 2899–2630 B.C. at 4.78 m): The

zone is characterized by a balanced association of both

arboreal (AP: 36–68%) and non arboreal elements; abundant

Pinus (32%), deciduous Quercus (9%), Cistaceae (13%),

Asteraceae (20%) and Poaceae (5%). The presence of Eric-

aceae (3%), Abies, (2%), evergreen Quercus (2%), Carpinus

orientalis/Ostrya type (1.5%), Fagus, Fraxinus and Olea is

Table 1 Radiocarbon dates from the Vravron VG3 core according to Triantaphyllou et al. (2010)

Lab. code Depth (cm) Lithostratigraphic unit 14C age (year B.P.) Calibrated age (cal. year B.P.) Calibrated age (B.C./A.D.)

Beta-242239 65 D 950 ± 50 305–516 A.D. 1434–1645

Beta-242240 170 C 1730 ± 40 1016–1258 A.D. 692–934

Beta-211263 372 A 3430 ± 40 2953–3268 1319–1004 B.C.

Beta-211265 478 A 4690 ± 40 4579–4848 2899–2630 B.C.
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Fig. 2 Percentage pollen

diagram from the Vravron site.

Curves are exaggerated by a

factor of 5
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notable. The curve of Cerealia-type fluctuates reaching

percentages of 2%. The marine dinoflagellate Spiniferites

spp., freshwater green algae Spirogyra and juvenile fora-

miniferal linings are added to the pollen spectra.

Zone VRA 2 (3.95–3.48 m; 1319–1004 B.C. at 3.72 m):

This zone reflects a decrease in arboreal pollen (30–45%) due

to the drop in Pinus percentages, while evergreen Quercus

percentages are slightly increasing. Shrub pollen reaches high

values, mostly due to the increase of Ericaceae (5%), Cista-

ceae (14%) and Sarcopoterium. Cerealia-type exhibits its

highest percentages (5%) throughout the whole sequence.

Cichorioideae, Brassicaceae and Ranunculus acris demon-

strate an increasing trend. The presence of foraminifera lin-

ings and Spiniferites spp. appears increased.

Zone VRA 3 (3.48–2.87 m): An increase of arboreal

pollen (57%) is observed, mainly attributable to the rise of

Pinus. High abundances of Pistacia (max 3.8%) and Olea

are recorded, with the later reaching a maximum of 9%

towards the top of the zone. A marked drop in Cerealia-

type abundances (0.5%) and a concurrent decrease in Abies

(1%), Fagus, Cistaceae (1.3%), Spiniferites spp. and

foraminifera linings are noted.

Zone VRA 4 (2.87–2.35 m): Abundances of deciduous

Quercus (10%), Carpinus orientalis/Ostrya type (2.5%) and

Abies (2.5%) appear increased during this interval, together

with Cistaceae, Chenopodiaceae, Poaceae, hydrophilous

herbs and fern spores. At the same interval a decline in the

percentages of Olea and Pistacia is recorded, while the

presence of Juglans is noteworthy. The curve of Spiniferites

spp. exhibits a profound maximum.

Zone VRA 5 (2.35–1.00 m; A.D. 692–934 at 1.70 m):

The zone is characterized by high arboreal pollen per-

centages (70%) and low Ericaceae and is subdivided into

two parts. Sub-zone VRA 5a (2.35–1.95 m; A.D. 200–600)

displays an increase of Pinus (52%) and evergreen

Quercus, while a drop in deciduous Quercus (6%),

Carpinus orientalis/Ostrya type (1%), Abies (1.4%), Eric-

aceae (3.4%) and Cistaceae values is recorded. During sub-

zone VRA 5b (1.95–1.00 m; A.D. 600–1300) an increasing

trend in Quercus, both deciduous and evergreen (14%),

Juniperus (2%), Olea (1.5%) and deciduous arboreal pollen

is seen.

Zone VRA 6 (1.00 m to top of core; A.D. 1434–1645

at 0.65 m): The zone is dominated by the presence of

Cichorioideae (reaching 60%), Asteroideae (10%) and

Chenopodiaceae (reaching 30%) and type 207 (Van Geel

et al. 1989). Arboreal taxa, mainly represented by Pinus,

exhibit very low abundances. Hydrophilous herbs appear

increased, while marine indications like foraminifera lin-

ings and Spiniferites cysts are almost absent.

Fig. 3 Summary percentage pollen diagram from Vravron correlated with archaeological periods
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Discussion

The rich pollen flora recovered includes representatives from

all modern phytogeographic zones, indicating the complexity

of the plant communities that occurred in the area and out-

lining the vegetation development since the Early Bronze

Age. Human presence in the area of Vravron, documented by

archeological studies, appears to have been continuous since

at least the Early Neolithic (Apostolopoulou-Kakavoyanni

2001a) and is regarded as an important environmental factor

in the discussion of the Vravron pollen diagram (Figs. 2, 3).

Bronze Age agricultural activities and mid-Holocene

aridity (ca. 3000–1500 B.C.)

The pollen assemblages of VRA 1 denote a diverse floral

mosaic where open Mediterranean evergreen woods with

Pinus and evergreen Quercus alternated with shrublands with

Juniperus, Pistacia, Ericaceae and Cistaceaeae, and with

grasslands exhibiting a large variety of herb taxa. In some

parts of Mesogaia, thermophilous deciduous mixed forests of

deciduous Quercus, Carpinus orientalis/Ostrya type and

Fraxinus occurred and in the nearby mountains altitudinal

conifer and broadleaved forests with Abies and Fagus existed.

The presence of altitudinal forests has also been recorded on

the nearby Marathon coastal plain (Kouli et al. 2009). Part of

the lowland open vegetation areas was used for rural activities

as shown by several indicator species that were recognized:

Cerealia-type, Ranunculus acris, Plantago and coprophilous

Sordariaceae spores (Van Geel et al. 2003) provide clear

evidence about cultivation and stock breeding activities in the

area. The presence of type 207, an erosion indicator fungal

spore (Van Geel et al. 1989) is also indicative of human dis-

turbance. The lower part of zone VRA 1 is radiocarbon dated

to 2899–2630 B.C., thus VRA 1 corresponds to the Early and

Middle Bronze Age. The occurrence of Olea is indicative of

olive cultivation during the Bronze Age. The exploitation of

olive in Greece during the Bronze Age has been documented

both by archaeological remains (Asouti 2003; Margaritis and

Jones 2008) and in numerous pollen spectra (Athanasiadis

et al. 1996; Jahns 1993; Bottema and Sarpaki 2003; Pavlop-

oulos et al. 2007b; Lazarova et al. 2009). The overall vege-

tation pattern with the dominant presence of maquis

vegetation with Ericaceae and Cistaceae is in good accordance

with pollen records from the Peloponnese (Koiladha bay—

Bottema 1990; Kleonai—Atherden et al. 1993; Lerna—Jahns

1993; Kotihi lagoon—Lazarova et al. 2009), western Greece

(Lake Voulkaria—Jahns 2005) and other coastal sites in

southern Italy (Di Rita and Magri 2009) and Sicily (Noti et al.

2009; Tinner et al. 2009). This raises the question whether this

type of vegetation recorded after ca. 5000 B.P. is a result of

mid- to late-Holocene increased aridity, or of human impact

(Sadori and Narcisi 2001; Caroli and Caldara 2007; Pérez-

Obiol and Sadori 2007; Sadori and Giardini 2007; Sadori et al.

2008; Di Rita and Magri 2009; Noti et al. 2009; Carrión et al.

2010a). The complexity of climatic conditions in the Medi-

terranean around 4300–3800 cal. year B.P. is the subject of

several recent studies using primary climate proxies (e.g.

isotopes or lake levels: Magny et al. 2009; Giraudi et al. 2011;

Roberts et al. 2011), pollen data (Mercuri et al. 2011; Sadori

et al. 2011), or pollen-based quantitative climatic recon-

structions (Peyron et al. 2011) from terrestrial deposits.

Between 5400 and 4300 cal. year B.P., a very distinct mid-

Holocene humid phase followed by increased aridity has been

recognized by Triantaphyllou et al. (2009b) in the marine

deposits of the SE Aegean Sea. This warm and humid phase

led to the deposition of a more recent sapropelic layer (SMH)

than the S1 sapropelic layer. In any case the proximity of our

site to the Vravron Bronze Age settlement does not allow a

climatic interpretation of the Vravron record (Kouli and

Dermitzakis 2008).

Cereal cultivation during the Mycenaean

(ca. 1500–900 B.C.)

The low values of Pinus pollen combined with the increase of

Ericaceae recorded around 1150 B.C. (cal. year 1319–1004

B.C.) imply the retreat of pine forests and the expansion of

heath shrublands. Ericaceae are considered to be favored by

human activity, mainly grazing and burning (Bottema and

Woldring 1990; Atherden 2000; Bottema and Sarpaki 2003;

Carrión et al. 2010a), and Cistaceae exhibit a high tolerance of

fire (Engel et al. 2009; Knipping et al. 2008). At the same time

a marked increase in agricultural and grazing activities is also

suggested by the rise in Cerealia-type, Cichorioideae, Ra-

nuncus acris and Sarcopoterium. Cerealia-type especially

exhibits its highest percentages throughout the whole

sequence. This vegetation pattern must be ascribed to inten-

sification of human activities, particularly as this period cor-

responds to the Mycenaean inhabitation and the development

of a network of settlements with an acropolis in the area

(Polychronakou-Sgouritsa 2001). As far as the local envi-

ronment of Vravron bay is concerned, the presence of abun-

dant foraminifera linings and marine dinoflagellate cysts of

Spiniferites spp., together with the freshwater algae Spirogyra

confirm the existence of an open shallow marine environment

with constant freshwater input. This was also concluded from

foraminifera and ostracod analysis (Triantaphyllou et al.

2010). The bay was known to have been used as a port by the

Mycenaeans (Polychronakou-Sgouritsa 2001).

Declining human activity during the Geometric

(ca. 900–300 B.C.)

After 1150 B.C. the increase of Pinus observed in the

Vravron pollen diagram is a feature common to several
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other pollen diagrams of southern Greece (Bottema 1990;

Atherden et al. 1993; Jahns 1993; Lazarova et al. 2009) and

on the nearby Marathon coastal plain (Kouli et al. 2009).

Although pine expansion has been attributed to the spread

of pine woods in coastal areas (Jahns 1993), where they

still flourish today, in Vravron it coincides with the fall of

the Mycenaean acropolis and the dispersal of the population

into small agricultural communities during the Geometric

‘‘dark’’ ages (Apostolopoulou-Kakavoyanni 2001d). The

expansion of Pinus should be connected with this context,

more particularly when the concurrent decrease of herb

vegetation observed suggests declining anthropogenic activ-

ity in the area (Noti et al. 2009). The peak values of Olea and

the drop in Cerealia-type recorded mark a significant turn in

agricultural activities, as cereal cultivation seems to be lim-

ited, while olive cultivation is favored. There is also evidence

of intensification of Olea exploitation in Argolis (Sheehan

1979; Jahns 1993), Kotihi lagoon (Lazarova et al. 2009) and

Messenia (Engel et al. 2009) during Geometric, Archaic

and Classical times, implying a general change in farming

practices. The foundation of the Artemis cult and the build-

ing of the first Geometric sanctuary fall into this period

(Kontis 1967). It is difficult to determine whether the

observed change of agricultural activities should be ascribed

to cultural or religious causes or whether it was driven by

the 3500–2500 cal. year B.P. cool and dry climatic event

(Migowski et al. 2006; Triantaphyllou et al. 2009a).

Deciduous forest expansion (ca. 300 B.C.–A.D. 200)

During zone VRA 4 the increased abundances of deciduous

Quercus, Carpinus orientalis/Ostrya type and Abies are

regarded as a modest expansion of the thermophilous decidu-

ous forest and altitudinal conifer forest. The spreading of Po-

aceae, Chenopodiaceae, fern spores and hydrophilous herbs

represents an expansion of Vravron wetland. During this per-

iod, the micropalaeontological study of the Vravron deposits

recorded intense freshwater and terrestrial organic matter

influx in the coastal area, based on the increased presence of

Elphidium and the abrupt decrease in epiphytic foraminifera

(Triantaphyllou et al. 2010). Nevertheless the decrease in type

207 (Van Geel et al. 1989) indicates that terrigenous eroded

material reaching the coastal area was reduced. This freshwater

input has been attributed to an increased fluvial activity of the

Erasinos River that resulted in the destruction and burial under

flood deposits of the sanctuary of Artemis at the end of the

Classical period (Papadimitriou 1948; Kontis 1967). Similarly

intense fluvial activity and deltaic systems progradation

between the Roman and post Roman period (Fouache et al.

2005), was important and strong enough to completely fill the

Oeniades ancient harbour on the Acheloos delta (Vött 2007;

Vött et al. 2007) which was active at least until 210 B.C. During

this time interval, corresponding to Hellenistic and Roman

times, the decline in the abundance of Olea is presumed to

indicate the contraction of olive cultivation. Furthermore the

appearance of Juglans and Corylus in the pollen spectra should

be due to human activity. Both these light demanding taxa are

part of the natural thermophilous deciduous forest in several

sites in southern Greece (e.g. Lerna—Jahns 1993), but their

occurrence in pollen diagrams is considered to be an indicator

of man (Bottema 1980). The presence of these taxa in the

Vravron pollen diagram coincides with expansion of the

deciduous woodland. As this time interval is characterized as a

period of increased human activity in the interior of Mesogaia

(Steinhaouer 2001c), the vegetation pattern should be attrib-

uted to an increase in precipitation, corresponding to the so-

called Roman Climatic Optimum (Lamb 1997; Telelis 2008). A

similar vegetation pattern of deciduous woodland regeneration

has been observed in Lake Voulkaria (Jahns 2005) after the end

of the Classical City of Palairos.

Evergreen vegetation expansion during the Byzantine

Age (ca. A.D. 200–1300)

The increase of arboreal taxa and the simultaneous decrease in

shrub vegetation observed during zone VRA 5 denote a rather

variable landscape in which the tree cover was modifying its

composition, suggesting a period of climatic instability that

has also been recorded in several palaeoenvironmental and

historical archives (Telelis 2008). At the lower part of the zone

(subzone VRA 5a) the contraction of mixed deciduous and

altitudinal forest permits the expansion of Pinus that occupied

most of the habitats. The observed decrease of Cerealia-type

and Olea, together with the reduction in herb vegetation,

should be connected with declining anthropogenic activity in

the area. Indeed little is known about the Palaeochristianic and

Protobyzantine inhabitation of Mesogaia (Gini-Tsofopoulou

2001a). Around A.D. 692–934, the increasing trend of Medi-

terranean shrubs is recognized as expansion of evergreen

Mediterranean sclerophyllous vegetation under the pressure

of human disturbance (Bottema and Woldring 1990). An

expansion of maquis vegetation ca. A.D. 800 has also been

recorded in Argolis pollen diagrams (Sheehan 1979), while a

distinct rise of Juniperus in Lake Lerna ca. A.D. 1000 has been

considered to indicate pasture (Jahns 1993). Similarly the

increases observed in Olea, Cerealia-type and Sordariaceae

spores suggest expansion of agricultural and pastoral activi-

ties. The extensive rural exploitation of Mesogaia is well

documented by the discovery of large storage facilities (e.g.

cellarage, vessels) in excavations of Mesobyzantine farm-

houses (Gini-Tsofopoulou 2001b).

Soil erosion and wetland expansion (since ca. A.D. 1300)

In the upper part of the investigated core, the high

Cichorioideae abundances observed in the Vravron coastal
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marsh deposits are indicative of the occurrence of conditions

which let to the corrosion of other pollen grains around

A.D. 1434–1645. Such high percentages often coincide with

colluvial clay deposition, usually caused by human activity

like ploughing (Bottema 1975; Bottema and Sarpaki 2003).

Soil erosion is also evidenced by the high maximum in type

207 spores (Van Geel et al. 1989). At the same time a marked

increase in abundance of Chenopodiaceae and hydrophilous

herbs was documented indicating the expansion of the

coastal marsh, while the presence of Sordariaceae spores

suggests the presence of flocks in the area (Van Geel et al.

2003; Pavlopoulos et al. 2007a). This period coincides with

the introduction of Arvanitic communities into the area by

the Latin rulers of Attica in order to repopulate the aban-

doned landscape (Gini-Tsofopoulou 2001c), and with the

Little Ice Age. During this period an increase in flood fre-

quency and alluvial aggradation, correlated with hydrocli-

matic changes, has been observed all over Mediterranean

Europe (Camuffo and Enzi 1996; Grove 2001) and in

Northern Greece (Lespez 2003).

Conclusions

The pollen record of the Vravron coastal marsh represents

a complex environment where human activities played an

important role in shaping the landscape. The whole

sequence denotes a rather variable landscape where open

Mediterranean evergreen pine woods alternated with

maquis shrublands and grasslands.

Vegetation exploitation by human societies in the area

displays several fluctuations. The continuous presence of

Cerealia-type throughout the sequence is indicative of

cereal cultivation since the Early Bronze Age. Cereal cul-

tivation activities appear intensified during the Mycenaean

inhabitation, while since Geometric times a reduction in

Cerealia-type is observed. Olive cultivation is already

evidenced during the Early Bronze Age in accordance with

other pollen diagrams from Greece. Olive exploitation

appears to have intensified during Geometric to Classical

times, indicating a significant change in agricultural

activities from cereal to olive cultivation.

The gradual abandonment of Olea cultivation evidenced

between the Roman and Early Byzantine ages coincides with

the expansion of the Vravron wetland and of deciduous

woodland in the interior of Mesogaia during a period of

increased humidity. During the same interval a displacement

of human activities in the interior of Mesogaia has been

recorded in historic archives. During Mesobyzantine times,

there is evidence of Olea and cereal cultivation intensification,

while shortly before A.D. 1450 extensive soil erosion attributed

to a rise in human activities such as ploughing and herding

coincides with the introduction of Arvanites populations to the

area and the Little Ice Age climatic event.
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Cortizas A (2010b) Holocene vegetation changes in NW Iberia

revealed by anthracological and palynological records from a

colluvial soil. Holocene 20:53–66

Chester PI, Raine JI (2001) Pollen and spore keys for quaternary

deposits in the northern Pindos Mountains, Greece. Grana

40:299–387

Di Rita D, Magri D (2009) Holocene drought, deforestation and

evergreen vegetation development in the central Mediterranean:

a 5500 year record from Lago Alimini Piccolo, Apulia, southeast

Italy. Holocene 19:295–306

Eastwood WJ, Roberts N, Lamb HF, Tibby J (1999) Holocene

environmental change in southwest Turkey: a palaeoecological

record of lake and catchment-related changes. Quat Sci Rev

18:671–695
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