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Abstract
Early human societies and their interactions with the natural world have been extensively

explored in palaeoenvironmental studies across Central and Western Europe. Yet, despite

an extensive body of scholarship, there is little consideration of the environmental impacts

of proto-historic urbanisation. Typically palaeoenvironmental studies of Bronze and Iron

Age societies discuss human impact in terms of woodland clearance, landscape openness

and evidence for agriculture. Although these features are clearly key indicators of human

settlement, and characterise Neolithic and early to Middle Bronze Age impacts at Corent,

they do not appear to represent defining features of a protohistoric urban environment. The

Late Iron Age Gallic Oppidum of Corent is remarkable for the paucity of evidence for agricul-

ture and strong representation of apophytes associated with disturbance. Increased floristic

diversity – a phenomenon also observed in more recent urban environments – was also

noted. The same, although somewhat more pronounced, patterns are noted for the Late

Bronze Age and hint at the possibility of a nascent urban area. High percentages of pollen

from non-native trees such as Platanus, Castanea and Juglans in the late Bronze Age and

Gallic period also suggest trade and cultural exchange, notably with the Mediterranean

world. Indeed, these findings question the validity of applying Castanea and Juglans as ab-
solute chronological markers of Romanisation. These results clearly indicate the value of

local-scale palaeoecological studies and their potential for tracing the phases in the emer-

gence of a proto-historic urban environment.
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Introduction
The environmental impacts of the diffusion of agriculture and establishment of sedentary com-
munities in Western and Central Europe can be traced through a variety of palaeoenvironmen-
tal archives [1]. From the Neolithic onwards, there is manifold evidence for the disruptive
effect of agriculture on a wide range of natural process [2]. Forest clearance, the establishment
of farming and the consequent development of anthropogenic cultural landscapes from c.
6000 cal. BP onwards has long been recognized in palaeoecology [3, 4, 5] while human impacts
in other areas of the biosphere are also increasingly evident. Neolithic livestock husbandry, for
example, has been implicated in eutrophication of water bodies [6] and the influence of land
management practices in altering geomorphological regimes is well established [7]. Increasing-
ly the impact of early agriculture is being viewed as more severe than previously acknowledged
with some suggesting that the Neolithic revolution marks the beginning of the Anthropocene
[1, 8].

Despite the plethora of studies documenting the landscape-scale disturbance of early farm-
ing activities in central Europe, there is often little direct consideration of the localised environ-
mental impacts associated with the emergence of proto-urban and urban centres. Until
recently this owed much to the predominant archaeological narrative that has tended to view
societies north of the Alps as more tribal in nature [9]. Urbanism was considered a process lim-
ited to the Mediterranean that blossomed towards the end of the Iron Age and was accelerated
by the Roman conquest [10]. Nevertheless, site selection bias in palaeoecology has also con-
spired to obfuscate the environmental impact of proto-urban areas. Much palaeoecological
study has operated at the landscape-scale seeking to trace long term Holocene vegetation dy-
namics [11] and discern if climate or human activity is the primary driving force in landscape
change (e.g. [12, 13, 14]). Frequently a ‘pristine’ environmental record, whereby the two signals
can be easily disentangled, is considered essential in such studies. However, six millennia of
human activity in lowland areas – such as the exploitation of peatlands for fuel, water abstrac-
tion and the drainage of wetlands – have led to the degradation, truncation, or destruction of
lowland sediment archives within the milieu of human settlement. Even when human impacts
are the focus of research, the taphonomic integrity of a palaeo-archive, rather than its signal
sensitivity, is often considered the primary concern [15]. Consequently an abundance of
palaeoecological studies are undertaken on deposits in more remote upland areas distant from
the foci of proto-historic settlement (e.g. [16]). Such studies benefit from being relatively un-
touched by the taphonomic problems described above, but often lack the signal sensitivity to
address, in any detail, questions pertaining to the localised environmental impacts of early
human activity.

Auvergne in central France (Fig. 1) is a prime example of such bias in palaeoecological data.
Moreover, it is an excellent location to evaluate, in the longue durée, the palaeoenvironmental
impacts associated with human settlement, and the slow and chaotic development of urban
areas. From the Neolithic onwards, there is abundant archaeological evidence for settlement in
the valley of the River Allier, which intensified into the Bronze Age with the development of
hill-forts [17] and culminated in a tripartite of large, interconnected fortified urban settlements
(Oppida) in the late Iron Age [18]. Yet, there has been little direct consideration of the palaeo-
vegetational impacts associated with the emergence of these proto-historic urban centres. The
reasonably wide coverage of palaeoecological data for Auvergne is almost exclusively focused
in mountainous areas and concerns the post-glacial vegetation evolution in the region (e.g. [19,
20, 21]). Only Miras et al [16] have directly considered long term human impacts, identifying
evidence for cereal agriculture from c. 3000–2000 BC, but again this study derived from a
mountainous area. Where lowland studies are available [22], the taphonomic problems
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mentioned above are prevalent and secure chronologies elusive [23, 24]. Thus, despite the exis-
tence of a rich history of archaeological and palaeoecological study, the dynamics of human-
environment interactions in this part of central France are still poorly understood.

Fig 1. (A) Location of Auvergne and the study region within France; (B) Palaeoecological sites and Oppida surrounding Clermont-Ferrand; (C) The
Plateau of Corent.

doi:10.1371/journal.pone.0121517.g001
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This paper aims to address these deficiencies by providing what we believe is the first
palaeoecological study of a sediment core sourced from within a proto-historic settlement. The
site, Puy de Corent (Fig. 1), was first occupied in the Middle Neolithic (c. 4000–3400 BC) and
underwent waves of increasingly dense settlement from the Bronze Age onwards. These culmi-
nated in the Late La Tène with an urban Oppidum [18] which makes it an ideal location to ex-
amine the long term evolution of a proto-historic urban area. Utilising a sedimentary sequence
from the Lac du Puy, located close to the heart of the ancient city, we apply palaeoecological
techniques (pollen and non-pollen palynomorph analysis) and 14C dating to ask: (i) Is it possi-
ble to trace the various phases of human activity and the emergence of the Oppidum of Corent
through the palaeoenvironmental record? (ii) What can palaeoenvironmental evidence tell us
about the birth and development of an urban environment at Corent? (iii) How does the evi-
dence differ, if at all, from previously published studies?

Background

Physical geography
The Corent plateau is located within the relict volcanic landscape of the Massif Central approx-
imately 15 km southeast of Clermont-Ferrand at the heart of Auvergne in central France (Figs.
1, 2). At an altitude of between 500–600 m a.s.l. the plateau occupies a commanding position in
the valley of the River Allier (c. 300 m a.s.l.) between the Chaîne des Puys to the west and the
gradually undulating landscapes to the east. Climatically the region is continental with limited
precipitation (585 mm yr−1) and experiences relatively cold winters (January mean 7.3°C) and
warm summers (July mean 25.9°C). The geology of the plateau is uncomplicated and dominat-
ed by basalt to the north and east, and scoria to the south and west reflecting the plateau’s vol-
canic origin c. 3 Ma yrs BP [25].

Archaeology
Auvergne is well known in the study of proto-historic or proto-urban centres (often termed
Oppida) in Central and Western Europe. Some of the earliest archaeological study of these
early urban centres outside of the Mediterranean was undertaken in Auvergne with the identi-
fication of the Oppidum of Gergovie immediately to the south of Clermont-Ferrand by Napo-
leon III in 1865 [9]. In contrast, Corent was, until relatively recently, somewhat unknown.
Bronze objects, pottery, and coins were commonly found in surface soils on the plateau, lead-
ing to the suspicion that the plateau was of importance in Prehistory, but it was not until reap-
praisal in the early 1990s [26], and the beginning of annual excavations by Poux [27] that the
sites importance came into focus. Since then annual field campaigns have revealed an im-
mense, wealthy Oppidum – dating to the La Tène D1/2 (125–25 BC) – that contained public,
commercial, artisanal and religious buildings. Moreover the rich material culture, indicating
trade and contact with theMediterranean world, led Poux [18] to suggest that the site may
have functioned as the capital of the Arverni. Yet, the excavations have also demonstrated that
the La Tène Oppidum is merely one short lived phase of occupation on the plateau. There is
also evidence of large settlements in the Hallstatt (600–550 BC) and late Bronze Age (c. 950–
800 BC), as well as discontinuous settlements that extend back to the Middle Neolithic [28].

Methodology

Fieldwork and sediment sampling
The Lac du Puy is a spring fed pool located in the northern quarter of the Corent plateau ap-
proximately 170 m north of the excavation area (Figs. 1, 2) centered at 45° 40’0.66”N. The
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open water area of the modern pool, measuring c. 20 x 20 m, is almost certainly of anthropo-
genic origin and is much reduced from the c. 65 x 72 m (0.46 ha) recorded in a map dating
from 1820 (Fig. 1). This reduction in size is likely the result of agricultural improvements and
the installation of a drainage channel in the Napoleonic era [18] and subsequent sediment
infilling. Despite this evidence for management of the pool in the 19th century, the basin is al-
most certainly of natural origin. The palaeobasin of the pool represents a depression within the
impermeable basaltic bedrock which is at its deepest (c. 3 m) in the centre, and shallows to-
wards the edges. Similar formations are common to neighbouring volcanic plateaux (e.g. Puy
de Saint Sandoux). On the basis of the modern topography of the surrounding palaeobasin, it
is probable that the open water area may have been as a large as c. 100 x 80 m (c. 0.8 ha).
Modelling studies from other forested cultural landscapes in Europe suggest that RSAPs for
similar sized basins would have been in the order of 1200–2300 m (c.f. [29]). This would sug-
gest that the Lac du Puy was likely to have been dominated by local to extra local input, despite
the setting, at the summit of the plateau, favouring the input of regional pollen. Nevertheless, it
is important to note that RSAPs are dynamic and vary as the basin infills and the surrounding
landscape mosaic changes.

Fig 2. Photographs of the study site. [A] Corent plateau looking to the south (photo: B. Dousteyssier, 2014). [B] Aerial photograph looking northwest
across the archaeological excavations and the Lac du Puy (photo: B. Dousteyssier, 2014). [C] View north across the plateau towards the Lac du Puy. Visible
in the foreground are the excavated remains of a Gallo-Roman temple (photo: P.M. Ledger, July 2014). [D] View north across the Lac du Puy (photo: P.M.
Ledger, July 2014).

doi:10.1371/journal.pone.0121517.g002
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In November 2012 judgmental coring of the palaeobasin of the lake was undertaken to iden-
tify the depth of organic deposits that are believed to have been unaffected by historical man-
agement. This proved organic deposits to a maximum depth of 186 cm. These were sampled
(co-ordinates: 3° 11’ 21.30”E) in two overlapping 100 cm sections using a dynamic coring rig
(Geotool GTR 790). The study was undertaken on private land and permission was provided
by the landowner Madame Mioche. Core sections were protected in plastic tubes and wrapped
in polythene before being returned to the Université Blaise Pascal where they were placed in
cold storage (4°C). Sub-sampling, at 1 cm intervals (where possible), and recording of the
lithostratigraphy was undertaken in the laboratory.

Pollen analysis
Subsamples of between 1 and 3 cm3 were prepared for pollen analysis using standard HCl, siev-
ing, HF, acetolysis and density separation techniques (solution density 1.9) outlined in Moore
et al. [30]. Lycopodium tablets [31] were added to allow the calculation of pollen and micro-
scopic charcoal concentration and influx data. After processing, the samples were suspended in
silicone oil prior to being mounted on slides. Counting was undertaken using a Leica DM
2500M light microscope at x500 magnification (with x1000 used for critical observations) until
a sum of 500 total land pollen (TLP) had been achieved. Pollen and spores were identified with
the aid of the key in Moore et al. [30], photographs in Reille [32] and modern reference materi-
al, with nomenclature following Beug [33]. Cereal-type pollen grains were categorised follow-
ing measurements in Andersen [34] and non-pollen palynomorphs (NPPs) were identified
using van Geel et al. [35] and van Geel and Aproot [36]. Pollen diagrams were constructed
using TILIA and TGView software [37] and percentages were based upon the TLP sum minus
Lactuceae (see below for justification).

Archaeological samples
In addition to the sedimentary sequence a total of thirty soil samples from archaeological con-
texts (each from different periods) were also processed for pollen (Table 1). This was undertak-
en with the intention of integrating pollen-analytical evidence from two different scales of
analysis. In each instance approximately 5 cm3 of soil was prepared and examined using the
methods described above.

Charcoal analysis
Microscopic charcoal concentrations were estimated utilising the point count method [38]. A
total of 8800 points were applied to achieve a<5% error in charcoal estimates and concentra-
tions are expressed as cm2 cm−3.

Table 1. Summary of the archaeological sediments examined for pollen.

Sample
name

Archaeological period and approximate
age

Archaeological context

UF-23087 Roman (1–2nd century AD) Cellar perhaps from a pottery workshop.

UF-23124 Roman (between 15 BC and AD 15) Interpreted as originating from a pottery workshop

UF-18242 Middle of the first century BC Large deep cellar sealed by demolition rubble. Deposit contained numerous intact pots and
ceramic fragments.

UF-15444 La Tène (end of 2nd beginning of 1st

century BC)
Pit or post hole

UF-22839 Middle Hallstatt Unspecified pit.

doi:10.1371/journal.pone.0121517.t001
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Numerical analysis
CONISS [39] was used to assist with the biostratigraphic zonation of the pollen diagram fol-
lowing square root transformation of percentage data. Rarefaction analysis was performed in
psimpoll [40]. This was used to determine the palynological richness, and hence floristic diver-
sity, of samples [41]. Ordination of pollen samples was undertaken using CANOCO 4.5 [42].
In the first instance detrended correspondence analysis (DCA) was undertaken which generat-
ed a gradient length of 1.685 for the primary axis. This indicated a linear rather than unimodal
response in the dataset [43] and principal components analysis (PCA) was therefore judged to
be more appropriate (Fig. 3). Pollen samples from archaeological contexts were included in the
PCA ordination as passive (supplementary) samples in order to examine their relationship
with samples from the sediment core.

Radiocarbon dating and age-depth modelling
AMS 14C dating was undertaken on charcoal, pollen and the bulk organic fraction (BOF) of
sediment samples (Table 2). In the first instance blocks of sediment were cut from the core and
placed in Sodium hexametaphosphate solution in order to disaggregate. After 24 hours the
samples were washed through 200 μm and 125 μm sieves with distilled water and examined
under a low power binocular microscope for charcoal and macrofossils. Unfortunately, suitable
macrofossils were absent and sufficient charcoal was identified in only one instance, between
57–54 cm. This sample was selected along with a sediment sample from the same depth in
order to assess the potential reservoir effect associated with the BOF. Similarly, pollen was con-
centrated from between 73–71 cm following the method outlined by Brown et al [44] and sub-
mitted for ‘paired’ dating with a sediment sample from 72–71 cm. In addition two further
samples of sediment were submitted for BOF dating. Samples were pre-treated and measured
at Beta Analytic, Miami, USA. Calibration of 14C dates was undertaken using the IntCal13 cali-
bration curve [45] and CALIB v7.0. Age-depth modelling was performed using CLAM version
2.2 [46].

Results

Lithostratigraphy
The cored sequence can be broadly divided into four main units (Table 3). From the base, at
186 cm, the sediment comprises scoria, sand and gravel, which at 163 cm becomes slightly clay-
ey. The most significant change occurs at 118 cm where there the sediment becomes grey
brown sandy silty clay and is clearly lacustrine. Pottery fragments are evident through this unit
from c. 100 cm and particularly abundant from c. 85 cm. From 48 cm there is a shift towards
brown silty clay which is highly disturbed, perhaps associated with more recent farming activi-
ty or management.

Statistical analysis
PCA indicated an excellent separation of dataset with the primary two axes accounting for
76.3% of the variance (Fig. 3). The primary axis (61.6%) is dominated by a strong positive re-
sponse in Pinus and a negative response in Poaceae. Although this gradient – contrasting Pinus
with Poaceae – initially appears to simply reflect landscape openness and human impact the
presence of negative responses in other tree species such as Abies suggests a more nuanced in-
terpretation. The association of Abies – which is more common to mountainous environments
in Auvergne [16] – with Poaceae perhaps, indicates that the axis also reflects changing RSAP
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Fig 3. PCA plots for the profile. A. Pollen types and associated proxies (selected taxa only). B. Sample
scores for pollen and spore dataset with archaeological samples included as passive samples. Key to
abbreviations: Can = Cannabis/Humulus; Cer = Cerastium-type; Chen = Chenopodiaceae;
Cop = coprophilous fungi; Glom =Glomus; Indet = Indeterminable pollen; Lact = Lactuceae; Plan = Plantago
sp.; Poa = Poaceae; PolAvi = Polygonum aviculare-type; Pol sp. = Polygonum sp.; Urt = Urticaceae.

doi:10.1371/journal.pone.0121517.g003
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and recruitment of pollen from a wider area. This is not unexpected since models demonstrate
that the opening of a landscape around a basin will increase its RSAP [29].

Axis 2 (14.7%) is characterised by positive loadings for Lactuceae and indeterminable pollen
and slightly negative responses for cereals and apophytes (e.g. Rumex and Plantago sp.). This
pattern does not immediately suggest an obvious ecological gradient. Lactuceae pollen – with a
strong resistant exine – and indeterminable pollen have been found to be enriched in deposits
where preservation conditions are poor [47]. This association of Indeterminable and Lactuceae
pollen therefore suggests that axis 2 may reflect the degree to which samples are affected by
post depositional biasing, either by means of in-situ decay or the input of secondary pollen. As-
suming that an element of the high numbers of Lactuceae reflect secondary pollen, rather than
contemporary vegetation communities, the taxon has been excluded from the TLP sum used to
calculate pollen percentages.

Chronology
The results of radiocarbon dating are presented in Table 2. The clearest observation from the
data is that measurements undertaken on paired charcoal/microfossil-BOF samples presented
no evidence for a reservoir effect in the BOF dates. Microscopic charcoal from 57–54 cm (Beta-
379416) returned a date of 2240±30 which was 250 radiocarbon years older than the date on
the BOF at the same level (Beta-379417; 1990±30) suggesting a c. 200 cal. yr difference in the
age of this level (Table 4). A similar, although less pronounced, discrepancy was observed in
the paired dating from 73–71 cm. Pollen from this depth (Beta-379418) dated to 2750±30
whereas the BOF (Beta-377232) indicated an age of 2590±30. These results perhaps indicate
the erosion and reworking of previously deposited material from the surrounding basin, sug-
gesting that contrary to expectations, BOF dates may be preferable to highly mobile microfos-
sils in this depositional environment. Nevertheless, this is far from certain as the final two dates

Table 2. Radiocarbon dates from the profile.

Depth (cm) Lab. code Material 14C yr BP (±1σ) Cal BC/AD (2 σ) δ13C (‰)

57–54 Beta-379416 Charcoal 2240 ± 30 390–205 BC NP

57–54 Beta-379417 Bulk sediment 1990 ± 30 48 BC – AD 71 −25.6

72–71 Beta-377232 Bulk sediment 2590 ± 30 819–595 BC −26.4

73–71 Beta-379418 Pollen 2750 ± 30 975–823 BC NP

88–87 Beta-375785 Bulk sediment 3510 ± 30 1916–1749 BC −25.4

103–102 Beta-379419 Bulk sediment 3330 ± 30 1688–1528 BC −25.7

doi:10.1371/journal.pone.0121517.t002

Table 3. Lithostratigraphy of the core.

Depths Unit description and Troels-smith formula

48–0 Highly disturbed brown slightly sandy silty clay containing frequent rootlets and occasional
monocot remains. Basalt and flint gravels are occasional. Pottery fragments are abundant
throughout. As2 Ag1 Gmin1 Th4+ Ga+ Nig 3 Sicc 1–2 Strf 0 Lim 1

118–48 Grey brown silty clay with occasional basaltic and scoria gravel and rare plant remains including
monocot stems and unidentified rootlets and seeds. Small pottery fragments are noted from c.
100 cm and particularly abundant from c. 85 cm. As3 Ag1 Ld++ Gmin ++ Ga++ Th4++ Nig 2–3
Sicc 1–2 Strf 2 Elas 3 Lim 1

163–
118

Brown mottled red orange and yellow clayey sand and gravel. Gravel comprises basalt and
scoria. Gmin2 Ga1 As1 Ag+ Nig 3 Sicc 3 Strf 2 Elas 0 Lim 0

186–
163

Red brown slightly sandy gravel comprising abundant scoria. Ga2 Gmin2 Ag+ Nig 3 Sicc 3–4
Strf 0 Elas 0 Lim NA

doi:10.1371/journal.pone.0121517.t003
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on BOF at 88–87 cm (Beta-375785; 3510±30) and 103–102 (Beta-379419; 3330±30) present a
minor age-depth reversal hinting at the possibility of a reservoir effect.

All of the radiocarbon data was used to construct the age-depth model (Fig. 4), a process
deemed to be preferable to excluding samples on the basis of supposition. Two methods, linear
regression and smoothed splines (polynomial regression), were explored and in both instances
the models were extrapolated to the base of the analysed sequence at 155 cm. There is little dif-
ference between the linear regression and smoothed spline models for the majority of the se-
quence (Table 4), however, below c. 95 cm the two models diverge and provide substantially
different results for the basal portion of the analysed sequence. In the absence of dating control
for the basal portion of the sequence we have adopted the chronology of the smoothed spline
model which better reflects the uncertainty surrounding the age of this section of the core. All
dates relating to palynological data that are presented in subsequent sections are two sigma
modeled age ranges of the smoothed spline model. Where events in pollen record have been as-
signed a single date, this reflects the best fit age from the model.

Palynology – archaeological samples
In total only five sediment samples from varying archaeological contexts and eras contained
sufficient pollen to undertake counts (Table 1; Fig. 5). The clearest observation from this data
is the general lack of inter sample variation in the pollen assemblages and that they compare
favourably to similar analyses from sites in Auvergne (e.g. [23]). Typically arboreal pollen ac-
counts for between 10–20% of the assemblage with Pinus, Quercus, Betula, Corylus and Abies
being the dominant types (Fig. 5). Poaceae percentages range between 17–29%, cereal pollen is
present in each sample and the assemblage of herbs is broadly comparable. Only UF-23807,
dating to the 2nd century AD, differs slightly with higher percentages of apophytes (mainly
Urticaceae and Rumex) and a less diverse assemblage of herbs. Thus, the clearest difference be-
tween the samples is in their inferred preservation state. Older samples tend to record positive
scores along axis 2 of the PCA and younger samples generally respond negatively (Fig. 4). This
is apparent in the low pollen sums, high Lactuceae counts of between 45–55% and Indetermin-
able pollen percentages in excess of 30% for samples dating to the La Tène and Hallstatt periods
(Fig. 5).

Table 4. Comparison of the two age-depth models generated in Fig. 4. Age ranges in the table are cal. BC. Numbers in parentheses reflect the me-
dian age from eachmodel.

LPAZ Depth (cm) Linear regression Smoothed spline

Age (2σ) Period Age (2σ) Period

COR-4 69.5 775–640 (705) Early Hallstatt 815–700 (745) Early Hallstatt

COR-3d 75.5 1015–865 (935) Late Bronze 1075–920 (990) Late Bronze

COR-3c 83.5 1335–1170 (1250) Late Bronze 1415–1180 (1290) Middle/Late Bronze

COR-3b 93.5 1735–1545 (1640) Middle/Late Bronze 1870–1465 (1610) Early/Middle Bronze

COR-3a 101.5 2055–1850 (1950) Early Bronze 2225–1675 (1830) Early Bronze

COR-2b 110.5 2420–2190 (2300) Late Neolithic 2625–1875 (2065) Late Neolithic

COR-2a 122.5 2905–2645 (2770) Late Neolithic 3160–2090 (2385) Late Neolithic

COR-1b 145 3800–3495 (3645) Late/Middle Neolithic 4155–2470 (2985) Late/Middle Neolithic

COR-1a 152 4080–3760 (3920) Late/Middle Neolithic 4455–2560 (3170) Late/Middle Neolithic

doi:10.1371/journal.pone.0121517.t004
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Palynology—sediment core
Given the provenance of the core from the palaeo-basin of the Lac du Puy, evidence for histori-
cal management and a lithology which does not indicate ideal conditions for the preservation
of pollen it is prudent to assess the taphonomic integrity of the pollen data. Bunting and Tip-
ping [47] suggested eight tests to ascertain evidence for taphonomic problems, which have
been applied to the palynological data on a zone by zone basis (Fig. 6). The clearest finding of
this analysis is that each zone easily exceeds the suggested 6% TLP ‘resistant taxa’ TLP thresh-
old. Primarily this is a result of high Lactuceae pollen percentages which are�15% TLP
(Fig. 7) through each local pollen assemblage zone (LPAZ) of the core. The consistency of this
pattern – even through zones which otherwise do not indicate taphonomic problems (Figs. 6,
7) – suggests that these elevated percentages do not necessarily indicate poor preservation of
pollen. Rather it may be the case that Lactuceae pollen reflects the erosion and deposition of
‘old’ secondary pollen from soils in the surrounding catchment [48]. Furthermore, the majority
of the pollen types in the resistant taxa category derive from species which are known to re-
spond to human activity. The utility of the ‘resistant taxa’measure, in the context of a human
impact study, is therefore debatable and failure of this test is not considered to have serious im-
plications for the interpretation of the assemblages that only fail this test. More concerning are
the assemblages from the basal three zones (COR-1a, 1b and 2a). Mean pollen concentrations
are lower than the 3000 grains cm-3 threshold recommended by Bunting and Tipping [47]
while each TLP sum in COR-1a was below 300 grains. These results indicate post depositional
pollen loss and that data from the basal three zones should be interpreted with caution. The
same conclusion applies to LPAZ COR-4 where indeterminable pollen percentages frequently
exceed the recommended 30% threshold (Fig. 6).

Fig 4. Age-depth model for the sequence generated using Clam (Blaauw, 2010). Two possible models, generated using a smoothed spline and linear
regression, are presented. The grey envelope indicates the 95% confidence limits of the smoothed spline model which encompasses the narrower 95%
confidence limits of the linear regression model. The solid black line and dashed line respectively represent the ‘best estimates’ of the smoothed spline and
linear regression models.

doi:10.1371/journal.pone.0121517.g004
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The opening of COR-1a dates to 4455–2560 cal. BC, which is congruent with the presence
of arboreal pollen (AP) characteristic of the Atlantic [19]. Pinus (70–75%) dominates and there
are smaller contributions from Betula, Quercus and Corylus (Fig. 7). Although AP accounts for
75–85% TLP in this zone, it is not necessarily indicative of especially dense forest on the sum-
mit of the plateau. Pinus, the dominant taxon, is a high pollen producer [30] and these values
may simply reflect local Pine woodland around the depositional basin. Indeed, low pollen con-
centrations imply significant post-depositional pollen loss [47] that may have resulted in an en-
riched representation of Pinus pollen relative to other species.

COR-1b is characterised by the first evidence of human activity on the plateau. Microscopic
charcoal concentrations increase, the AP contribution continues to decline and there is a rise
in Poaceae to c. 12% that indicates the gradual opening of the landscape. The age-depth model
(Fig. 4) suggests the beginning of this zone dates to the Middle to Late Neolithic (4155–2470
cal. BC). This is in general agreement with the first appearances of taxa such as Fagus and
Abies, and is consistent with indications of limited human impact. Cereal pollen is only rarely
present in COR-1b and the sole other indicator of agriculture is a single grain of Centaurea

Fig 5. Percentage pollen and spore diagram for archaeological samples, displaying selected taxa (based on the TLP sum). Also shown is the
summary diagram and pollen sum for each sample. + indicates<1% TLP.

doi:10.1371/journal.pone.0121517.g005
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cyanus. Considering the small size of the depositional basin and indications of relatively dense
surrounding woodland, it is likely these values indicate local activity [30]. Aside from the evi-
dence for cultivation, there are signs of trampling and general disturbance of the vegetation.
Rumex is frequently present in COR-1b and pollen from Plantago sp. and Polygonum sp con-
ceivably reflect Plantago lanceolata and Polygonum aviculare, plants that are common to a vari-
ety of ruderal environments across France [49]. A general diversification of the herb flora, with
regular representation from Caryophyllaceae and Brassicaceae, may also be related to distur-
bance and possibly grazing [50]. However, the absence of coprophilous fungal spores suggests
that general disturbance is the more likely explanation.

The beginning of COR-2a dates from the Late Neolithic (3160–2090 cal. BC) and represents
a period of major forest clearance on the plateau. Pinus falls from 45% to 7% by the end of the
zone and, despite the emergence of species such as Abies (3–6%), Fagus (1–6%), Tilia (1–4%),
Fraxinus (1–2%) and increased representation of Quercus, there is an overall decline in AP
from 61 to 42% (Fig. 7). Whether the rise in Fagus and Tilia reflect beech and lime woodland
on the Corent plateau, or communities along the slopes is unclear. Tilia and Fagus are more
commonly associated with lower altitudes in Auvergne, but the species can be found at up to
900 m a.s.l. [51] and it is therefore possible these values reflect isolated stands of these species
within wider Oak and Pine woodland. Human agency is almost certainly responsible for the
opening of the landscape recorded in COR-2a. Microscopic charcoal concentrations rise and
are concurrent with a sharp increase in Poaceae. Evidence for landscape disturbance is also
clear with a peak in Glomus suggesting erosion of catchment soils [52]. Traces of the apophytes
P. lanceolata and P. aviculare-type as well as consistent representation from probable

Fig 6. Assessment of the taphonomy of the core based on tests proposed by Bunting and Tipping (2000). Circles reflect the mean values with error
bars indicating the maximum and minimum values for each LPAZ. Dashed lines indicate the tresholds below which samples fail each test expect in the case
of Indeterminable percentages where values greater than the threshold indicate failure.

doi:10.1371/journal.pone.0121517.g006
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Fig 7. Percentage pollen and spore diagram displaying selected taxa (based on TLP sum – Lactuceae). Also shown is the lithology, microscopic
charcoal and total pollen concentration. + indicates<1% TLP.

doi:10.1371/journal.pone.0121517.g007
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apophytes such as Rumex (1–2%) and Polygonum sp (1%) again imply the presence of tram-
pled areas, yet evidence for agriculture is limited to occasional grains of C. cyanus. Cereal-type
pollen disappears from the assemblage in COR-2a and there is only a single Sordaria-type
spore that is suggestive of grazing animals [35].

COR-2b (beginning 2625–1875 cal. BC) marks a further significant change in the history of
the plateau. There is a strong recovery in AP percentages to c. 57% (predominately Pinus and
Quercus) and a fall in Poaceae to 21%, implying the regeneration of local Pine and Oak wood-
land. Tilia, Fagus and Abies remain almost static (Fig. 7), suggesting these species reflect the
extra-local to regional vegetation rather than woodland local to the plateau. A reduction in pol-
len from apophytes appears to suggest these developments are related to a decline in human ac-
tivity. Nevertheless, traces of Plantago sp., P. aviculare, P. lanceolata pollen and elevated
microscopic charcoal concentrations are not suggestive of total abandonment.

The opening of COR-3a, dating to 2225–1675 cal. BC (Early Bronze Age), marks the begin-
ning of a second significant episode of woodland clearance. AP falls to a minimum of 41%, pri-
marily a result of a declining contribution from Quercus and Corylus, and to a lesser extent
Fagus (Fig. 7). Other tree species, notably Betula, Tilia and Fraxinus, remain relatively constant
while Pinus records a slight increase from the previous zone. This bias, towards taxa more like-
ly to be present on the plateau suggests the developments of COR-3a reflect highly localised
vegetation changes. Moreover, the concurrent expansion of Poaceae, significant increase in
pollen from apophytes and sharp rise in microscopic charcoal all point to a period of renewed
human activity. Cereal percentages that reach a maximum of 2% and pollen from weeds com-
mon to fields such as Agrostemma githago (corn cockle), and to lesser extent P. lanceolata, sug-
gest arable agriculture [49]. A further development is the first registration of the coprophilous
fungi Sporormiella-type (common to the dung of grazing herbivores), which may even imply
some pastoral activity [35]. Significantly COR-3a also marks the first appearance of pollen
from Juglans (walnut) dating to c. cal. 2000–1545 BC (Figs. 7, 8). In the Italian peninsula and
the eastern Mediterranean, Juglans, dating to the early Bronze Age, is common and considered
an indicator of agricultural expansion in pollen diagrams [53]. Yet, its introduction to France is
typically associated with the Roman conquest and process of Romanisation [11].

A minor recovery of woodland is suggested from the beginning of COR-3b (1870–1465 cal.
BC) with a slight increase in AP, most notably Tilia and Betula (Fig. 7). This, however, is not
sustained and AP percentages fall to a low of 38% by the end of the zone, concurrent with a rise
in Poaceae to 32%. These developments point to further opening of the landscape and the regu-
larity of cereal pollen indicates an increase in the area under cultivation. These observations are
consistent with the continued presence of apophytes indicative of disturbance and cultivation.
Again, as in COR-3a, there is little evidence of pastoral agriculture or grazing animals, with
only a rare presence of coprophilous fungi such as Sordaria-type and Sporormiella-type. Fur-
ther occurrences of Juglans are also noted, as is the first appearance of Castanea (chesnut) dat-
ing to 1550–1270 cal. BC.

The opening of LPAZ COR-3c dating to 1415–1180 cal. BC (the beginning of the Late
Bronze Age) marks a significant increase in evidence for human impact. Poaceae peaks at 38%
and AP falls to 31%, the lowest value in the core, predominately as a result of declines in Pinus,
Betula and Quercus (Fig. 7). Given the localised RSAP of the depositional basin it is likely that
these values indicate a very open landscape on the summit of the plateau, with woodland likely
confined to the slopes and margins. The stagnant curves for Abies, Tilia and Fagus would ap-
pear to confirm that the decline in AP is related to local woodland clearance on the plateau.
Concurrent with this reduction in woodland is an expansion in evidence for agriculture as Ce-
real-type pollen reaches maximal values of between 2–3%. Plantago and Polygonum pollen is
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also very well represented and likely derives from weeds such as P. lanceolata and P. aviculare.
Traces of Sporormiella-type throughout the zone hint at the possibility of pastoral activity.

COR-3d (opening 1075–920 cal. BC) is characterised by increased AP and falling Poaceae
pollen percentages that suggest a reduction in the intensity of human impact. Evidence for agri-
cultural activity also declines as Cereal-type pollen is reduced to trace amounts. There is, how-
ever, evidence for possible pastoral activity with consistent representation of Sporormiella-type
and the presence of other coprophilous fungi such as Sordaria-type and Sordariaceae. A further
clear development in COR-3d is the diversification of the pollen assemblage. Pollen from a
number of fruit trees such as Prunus, Sambucus nigra-type and Olea are first recorded and Cas-
tanea reaches 1%. In addition, pollen from Platanus (plane trees) is recorded at up to 1% (Figs.
7, 8).

The opening of COR-4 dates to 815–700 cal. BC, the beginning of the Iron Age in France,
and is notable for a number of changes that complicate interpretation of the assemblages. Pri-
mary among these is a rising contribution from resistant pollen types such as Lactuceae, Che-
nopodiaceae and Asteroideae (Fig. 7) and higher indeterminable pollen percentages (Fig. 6)
that point to a degree of post depositional biasing [47]. Increased pollen concentrations (Fig. 7)
and rising pollen influx (Fig. 9) imply that an element of this may relate to secondary pollen in-
wash [15, 54], however, poor preservation conditions are also likely to be responsible. COR-4
records the highest values for Zygnema-type (up to 15%), which is associated with shallow sea-
sonally dry lakes, pools and wet areas [55]; conditions that are far from favourable for the pres-
ervation of pollen [30]. Ascertaining the extent to which either process is responsible, or if
these patterns are solely a result of post-depositional biasing, is problematic. A proportion of
the mentioned resistant taxa – such as Lactuceae – probably derive from plants linked with ru-
deral environments associated with human activity, for which there is strong evidence. Char-
coal concentrations reach their highest values in COR-4, AP, likely deriving from trees local to
the plateau, remains low, and other apophytes are well represented. Furthermore, increases in
AP from trees such as Fagus, Tilia and in particular Abies suggest that the rising pollen influx
(Fig. 9) may be a function of a highly open landscape and that in COR-4 the lake is sampling a
wider more regional pollen rain [56].

Discussion
Despite the taphonomic issues associated with the basal section of the cored sequence (Fig. 6),
there is a clear signal for two distinct phases of human activity in the Neolithic (Fig. 10). The
first is relatively minor, beginning at the opening of COR-1b (4155–2470 cal. BC), and is nota-
ble for a slight opening of the landscape and the appearance of apophytes and cereals. The sec-
ond (COR-2a; opening 3160–2090 cal. BC) reflects an intensification of woodland clearance,
although with no indications of agriculture on the plateau. The dates of these events coincide
with the archaeological remains of a fortified camp c. 4200–3700 BC and a collective tomb c.
3000–2400 BC [18, 28]. Unfortunately, the imprecise nature of the chronology in this portion
of the sequence makes it difficult to determine if the palynological data reflects both or two
phases of the same event. Indeed, it is uncertain if the evidence for woodland recovery and de-
clining human activity from the opening of COR-2b (2625–1875 cal. BC) imply a posited peri-
od of abandonment, or the aforementioned usage as a cemetery. The age-depth model (Fig. 4,
Table 4) allows for either possibility, but increased microscopic charcoal concentrations in
COR-2b (Fig. 10), indicative of localised burning, perhaps suggest continued human activity.

From COR-3a (c. 1800 cal. BC) onwards the chronology of the sediment core becomes
more certain (Fig. 4, Table 4), and human activity intensifies (Fig. 10) as apophyte contribu-
tions rise and crops reach 1–2%. Considering the low pollen productivity and poor dispersal of
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cereal pollen [30] it is likely these values are indicative of localised agriculture. A slight decline
in pollen from crops and apophytes, and minor recovery in woodland occur around 1550 cal.
BC, but otherwise agriculture and occupation appears to have been more or less continuous
through the Middle Bronze Age. This differs from the archaeological evidence which is scarce
during this period and indicative of only small settlements and limited activity on the plateau.
Moreover, a posited lull in activity at the beginning of the late Bronze Age (1300–1125 BC,

Fig 8. Images of pollen types identified in the core. (A) Highly folded cereal pollen (probablyHordeum-type) from 140–139 cm with a mean size of 39 μm,
annulus of 8.5 μm and pore of 3 μm; (B) Juglans pollen identified at 97–96 cm; (C) Platanus (equatorial view) from 75–74 cm; (D) Platanus (polar view).

doi:10.1371/journal.pone.0121517.g008
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Fig 9. Pollen influx diagram showing total pollen influx with the Lactuceae curve overlaid (black), selected pollen types, sum of apophytes, sum of
crops, sum of coprophilous fungi andmicroscopic charcoal influx plotted against the best fit from the smoothed spline Clammodel. Exaggeration
curves are x 5 for tree taxa and x10 for others. Pollen influx was calculated only for the region of the core where 14C dates are present.

doi:10.1371/journal.pone.0121517.g009

Fig 10. Summary diagram displaying selected taxa, summary curves of crops, apophytes (sum of taxa labeled apophytes in Fig. 7) and
coprophilous fungi, Charcoal concentration and rarefaction index are also displayed. + indicates< 1% TLP and where present exaggeration
curves are x3. Ages for the LPAZ boundaries reflect two sigma modeled age ranges with the best fit age derived from the smoothed spline CLAMmodel.

doi:10.1371/journal.pone.0121517.g010
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beginning of COR-3c) – inferred from the paucity of material culture dating to this period [28]
– is not evident in the palynological data. Instead, agriculture appears to have expanded. COR-
3c, the opening of which dates to c. 1290 cal. BC, presents the strongest indications for agricul-
ture in the entire sequence, as woodland pollen falls to its lowest values, indicating an opening
of the landscape. By the middle of COR-3c the palynological and archaeological data are more
coherent. Pollen from crops reach their maximum values, c. 1030 cal. BC (Fig. 10), when there
is archaeological evidence for the beginning of settlement between 1125–950 BC. Yet, this set-
tlement likely reached its peak between 950–800 BC [18, 28], a period represented by COR-3d
(beginning c. 950 cal. BC) which is characterised by increased AP and a declining contribution
from crops.

In classical palaeoenvironmental studies of Bronze Age human impact from Auvergne, [16]
and more widely in central and western Europe [4, 14, 57], such patterns have been interpreted
as reflecting periods of abandonment or decline, however this is unlikely to be the case in this
instance. Microscopic charcoal values increase and apophytes remain well represented, sug-
gesting a continuing human presence. Moreover, the rarefaction index reaches a peak of 47, in-
dicating a diversification of the flora [41]. In palynological analyses of the development of
medieval and industrial era urban environments, apophytes have been shown to be well repre-
sented [58, 59] and increased species diversity is associated with the initial phase of develop-
ment when intense disturbance generates a diverse array of habitats for species to invade [59].
COR-3d may therefore reflect an increasingly dense settlement, or perhaps a nascent urban en-
vironment. Indeed, the material evidence suggests the development of an unusually large and
dense settlement c. 950–800 BC, with some proto-urban features [28]. The consequent decline
in the rarefaction index through COR-3d is also significant as it resembles observations from
urban areas. After peaking, diversity has been shown to fall as the initial phase of disturbance is
followed by a reduction in the number of available habitats [59].

Aside from strong evidence for agricultural activity a prominent feature of the pollen data
from the Bronze Age are the first appearances of a series of non-native taxa (Fig. 10, Table 5).
The earliest of these are rare occurrences of Juglans and Castanea that date to c. 1690 BC
(COR-3a) and 1390 BC (COR-3b) respectively (Fig. 7, 10). Typically these trees are associated
with the process of Romanisation in France and their pollen is seldom identified prior to this
period [14, 16, 19, 60]. In the instances when rare grains are noted, they are commonly attrib-
uted to long distance transport from the Mediterranean [11, 61]. This interpretation would
seem to hold for these isolated occurrences in the early and middle Bronze Age (COR-3a-b).
However, the coeval presence of Castanea at 1%, consistent traces of Juglans, Platanus percent-
ages of 1% and the first appearance of Olea (Table 5) at the beginning of COR-3d (c. 950 BC)
likely reflect a different origin. Cumulatively these non-native taxa represent over 3% of the as-
semblage, far in excess of the occasional grains more commonly associated with long distance

Table 5. The depths and dates for the first appearances of pollen from selected plant introductions in the palynological record from Corent. The
median probable age from the age-depthmodel is presented in parentheses.

Introduction First occurrence Greater than 1%

Depth (cm) Date (cal. BC) Depth (cm) Date (cal. BC)

Juglans 96.5 2000–1550 (1690) NA NA

Castanea 86.5 1550–1270 (1390) 74.5 1030–885 (950)

Olea 74.5 1030–885 (950) NA NA

Platanus 74.5 1030–885 (950) 74.5 1030–885 (950)

doi:10.1371/journal.pone.0121517.t005
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transport. To consider these observations of Platanus, Castanea and Juglans as long distance
transport would require contemporary occurrences of similar values elsewhere in diagrams
from Auvergne, but this is not the case (e.g. [16, 19, 20, 21, 22, 23]). Although using pollen evi-
dence alone to evaluate the presence or absence of a species can be troublesome [62], it is rea-
sonable to suggest that percentages of>1% from such as small depositional basin could reflect
the local presence of Castanea and Platanus during the late Bronze Age. The material culture
from this period indicates trading links with a number of regions, including those at the pe-
riphery of the Mediterranean world [63], and suggests a plausible mechanism for the introduc-
tion and spread of these species. The question of whether the continuously rare occurrences of
Juglans reflect local presence is more complex. Although Juglans is frequently cited as a marker
of Romanisation in France [19] this interpretation rests on low resolution pollen data from
large lakes and mires in mountainous locations [16]; contexts that are far from ideal for detect-
ing small scale localised events [64, 65]. Furthermore, a recent re-appraisal of the palynological
evidence from the Jura Mountains and Rhône valley suggests the possibility of an earlier ap-
pearance c. 800 BC [66]. Pollen analyses of archaeological sediments from the Limagne plain
have also identified Juglans from the late Bronze Age [67], thus it is possible these early occur-
rences at Corent reflect the small scale cultivation of Juglans in the Late Bronze Age.

Across Auvergne the beginning of the Iron Age is characterised by the abandonment of set-
tlement at altitude and a shift towards settlement in the Limagne plain [68, 69]. This pattern is
evident in both the archaeological and palaeoecological data from Corent, yet there are also
subtle indications of wider changes in human-landscape interactions. COR-4 is notable for a
significant increase in pollen from Abies, a tree which is tends to be isolated to mountains re-
gions above 1000 m in Auvergne [51]. Its increased representation may reflect some isolated
local stands, but more likely it suggests a rising input of regional pollen into the basin, associat-
ed with further opening and fragmentation of woodland in the wider landscape [70]. This in-
terpretation is consistent with other studies from Auvergne, which also show increasing
deforestation through the Iron Age [16, 21]. However, it is unlikely that the landscape was as
open as is frequently implied on the basis of palynological analyses of archaeological contexts
[23]. The archaeological samples analysed from Corent – which also date from the Iron
Age – record AP percentages between 10–22% (Fig. 6), values similar to sites across Auvergne
(e.g. [23, 67]), but far below the 32–50% recorded in the core. These results clearly indicate that
the case made for a widely deforested landscape in the Iron Age is overstated. Quercus percent-
ages and influx are also higher in COR-4 which may relate to the aforementioned process.
However, archaeobotanical data from the Limagne plain show a shift away from Oak exploita-
tion through the Iron Age [71] and it may be the case that the palynological data reflect prefer-
ential exploitation of other tree species such as Fagus.

Despite clear archaeological evidence for two periods of settlement on the plateau during
the Iron Age these are difficult to trace through the palaeoecological record. The first is noted
between c. 600–550 BC, but at lower density than in the Late Bronze Age [28]. This phase (oc-
curring c. 62 cm) is poorly resolved in the palynological data with only a marginal increase in
apophyte and crop pollen c. 450 BC, suggestive of agricultural activity. The archaeological re-
mains suggest that this settlement was destroyed by fire [28] and it is worthwhile to note that
microscopic charcoal concentrations attain peak values for the entire core at this time. The sec-
ond phase of Iron Age activity is related to the emergence of the Oppidum of Corent at c. 125
BC [18], around 54 cm in the sediment core. The pollen influx of introduced taxa (such as Cas-
tanea and Juglans) peak at levels comparable to those noted in the Late Bronze Age (Fig. 9) and
again may imply the presence of these fruit trees. Material culture associated with the Mediter-
ranean world is exceedingly well represented in this period [18] and it possible that Juglans and
Castanea records reflect palynological evidence for this trade and contact. Aside from fruit
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trees, the pollen spectrum from this depth is characterised by a minor increase in apophytes
and traces of pollen from crops (Fig. 10). These data suggest that the urban character of the
Oppidum was not agricultural, nor do they imply a particularly large urban settlement. A peak
in the rarefaction index again suggests increased floristic diversity, as has been noted in other
urban areas [59], but the intensity is significantly lower than that noted from COR-3d
(Fig. 10). Given the scale of the Oppidum, which comprised housing, administrative, commer-
cial and religious buildings [18], these data are somewhat unusual. One possible explanation
may be that there are biases in the pollen assemblages from this time period. Both resistant
taxa (c.40–50%) and Indeterminable pollen are particularly high (c. 30–45%) in the latter part
of COR-4 (Fig. 6), which suggests post-depositional biasing or perhaps increased deposition of
secondary pollen. Considering the concurrent increases in total pollen influx and Glomus per-
centages (Fig 7, 10), it seems plausible that a portion of this increased influx relates the erosion
and re-deposition of ‘old’ secondary pollen from soils in the catchment [15]. This explanation
is the more likely given that intense urban settlement is associated with increased erosion and
delivery of pollen to depositional basins [58]. Nevertheless, it is important to note that the large
increases in the resistant taxa grouping are a result of a rising contribution from Lactuceae,
Asteroideae and Chenopodiaceae. Although these pollen types are highly resistant to corrosion
and can have long residence times in soils [48], they are also produced by ruderal plants of the
dandelion and goosefoot families. Therefore, it is likely that the apophyte curve somewhat un-
derestimates the contribution of cultural plants – and hence the scale of human impact – for
this period of the core.

Conclusions
Archaeological thought concerning urbanism in Central and Western Europe is currently in a
state of flux, with recent research challenging previous ideas of how and when urban areas de-
veloped [10, 72, 73]. Characterising and tracing the development of urban areas is a far from
simple task and there is much debate surrounding what constitutes an urban setting and the
complex irregular evolution of such areas [74, 75]. Through high resolution palaeoecological
analyses of a small depositional basin – located within the archaeological remains of the Oppi-
dum of Corent – this paper has explored how environmental archaeology can contribute to the
understanding of the development of urban environments. In adopting a long term perspective
it has been possible to identify the rhythms and intensity of various phases of human activity
from the Neolithic to the Roman conquest. In turn, this has allowed comparisons to be drawn
between the various periods of settlement on the Corent Plateau. Early activity (Neolithic to
Middle Bronze Age) was primarily characterised by an opening of the landscape and a gradual
increase in the intensity of agriculture, while data from the Late Bronze Age and La Tène show
significant differences. The key features of these latter periods are increased biodiversity, plants
indicative of ruderal environments and limited evidence of agriculture, which resemble pat-
terns observed in palaeoecological studies of other urban areas. Both periods are also notable
for the early occurrences of non-native plant taxa, which could be considered a palynological
fingerprint of long distance trade, and contact, especially with the Mediterranean world.

Small depositional basins record highly localised information and when intimately associat-
ed with archaeological remains they can reveal information regarding human land use that is
lacking from conventional palaeoecological studies. By exploiting this potential, this study has
provided observations that contribute to the debate surrounding the non-linear, erratic nature
of proto-urbanisation in Western and Central Europe. The observation of different palynologi-
cal signatures for the Late Bronze Age, La Tene, and earlier periods illustrate how environmen-
tal archaeology can furnish insights complementary to the material remains more commonly
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the focus of archaeological attention. Indeed, this paper has also provided a long term perspec-
tive allowing the identification of the patterns and rhythms of human activity that are poorly
represented in the archaeological record.
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script.
(XLSX)

Acknowledgments
We are grateful to a number of people for assistance with various aspects of this paper. We
would like to thank Olivier Voldoire, Erwan Roussel and Aude Beauger for help in the field
and Emmanuelle Defive for help with lithological descriptions. Gaspar Charrier for assistance
with maps, Alexandre Garreau for undertaking pollen preparations and Bertrand Dousteyssier
for images in Fig. 2. Finally we would also like to acknowledge Romain Laurenson and Hélène
Duchamps for their help with archaeological material. This manuscript has also benefitted
from the comments of two anonymous reviewers and the Academic Editor Celine Rozenblat.

Author Contributions
Performed the experiments: PML YM. Analyzed the data: PML YM. Wrote the paper: PML
YMMP PYM.

References
1. Bell M, Walker MJ (2005) Late quaternary environmental change: physical and human perspectives,

2nd edition. Essex: Pearson Education Ltd. 348 p.

2. Ellis EC, Kaplan JO, Fuller DQ, Vavrus S, Goldewijk KK, Verburg PH (2013). Used planet: a global his-
tory. PNAS 110: 7978–7985. doi: 10.1073/pnas.1217241110 PMID: 23630271

3. Iversen J (1941) Landnam i Danmarks Stenalder: En pollenanalytisk Undersøgelse over det første
Landbrugs Indvirkning paa Vegetationsudviklingen. Danmarks Geologiske Undersøgelse II.række. 66:
1–68.

4. Birks HJB (1988) Introduction: the cultural landscape – past. In Birks HH, Birks HJB, Kaland PE, Moe
D, editors. The cultural landscape: past, present and future. Cambridge: Cambridge University
Press. pp. 179–187.

5. Berglund BE, Birks HJB, Ralska-JasiewiczowaM, Wright HE (1996) Palaeoecological events during
the last 15 000 years. Regional syntheses of palaeoecological studies of lakes and mires in Europe.
Wiley: Chichester. 764 p.

6. Hillbrand M, van Geel B, Hasenfratz A, Hadorn P, Haas JN (2014) Non-pollen palynomorphs show
human- and livestock-induced eutrophication of Lake Nussbaumersee (Thurgau, Switzerland) since
Neolithic times (3840 BC). The Holocene 24: 559–568.

7. Lavrieux M, Disnar J-R, Chapron E, Bréheret J-G, Jacob J, Miras Y, et al. (2013) 6700 yr sedimentary
record of climatic and anthropogenic signals in Lake Aydat (French Massif Central). The Holocene 23:
1317–1328.

8. RuddimanWF (2003) The anthropogenic greenhouse era began thousands of years ago. Climatic
change 61: 261–293.

9. Collis J (1984) Oppida earliest towns north of the Alps: Huddersfield: Department of Prehistory and Ar-
chaeology, University of Sheffield. 250 p.

10. Fernández-Götz M, Krausse D (2013) Rethinking early Iron age urbanisation in central Europe: the
Heunbeurg site and its archaeological environment. Antiquity 87: 473–487.

11. Reille M, Lowe JJ (1993) A re-evaluation of the vegetation history of the eastern Pyrenees (France)
from the end of the last glacial to present. Quaternary Science Reviews 12: 47–77.

12. Berglund BE (2003) Human impact and climate changes—synchronous events and a causal link? Qua-
ternary International 105: 7–12.

The Environmental Impact of Proto-Historic Urbanism

PLOSONE | DOI:10.1371/journal.pone.0121517 April 8, 2015 22 / 25

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0121517.s001
http://dx.doi.org/10.1073/pnas.1217241110
http://www.ncbi.nlm.nih.gov/pubmed/23630271


13. Ejarque A, Miras Y, Riera S, Palet JM, Orengo H (2010) Testing microregional variability in the Holo-
cene shaping of high mountain cultural landscape: a palaeoenvironmental case-study in the Eastern
Pyrenees. Journal of Archaeological Science 37: 1–12.

14. Jouffroy-Bapicot I, Vannière B, Gauthier E, Richard H, Monna F, Petit C (2013) 7000 years of vegeta-
tion history and land-use changes in the Morvan Mountains (France): a regional synthesis. The Holo-
cene 12: 1888–1902.

15. Ledger PM, Edwards KJ, Schofield JE (2015) Taphonomy or signal sensitivity in palaeoecological in-
vestigations of Norse landnám in Vatnahverfi, southern Greenland? Boreas 44: 197–215.

16. Miras Y, Laggoun D, Guenet P, Richard H (2004) Multi-disciplinary approach to changes in agro-pasto-
ral activities since the Sub-Boreal in the surroundings of the “narse d’Espinasse” (Puy de Dome, French
Massif Central). Vegetation History and Archaeobotany 13: 91–103.

17. Milcent P-Y, (2009) Le passage de l’âge du Bronze à l’âge du Fer en Gaule au miroir des élites
sociales: une crise au VIIIe siècle av. J.-C.? In: Daubigney A, Milcent P-Y, Talon M, Vital J, editors. De
l'âge du Bronze à l'âge du Fer en France et en Europe occidentale (Xe-VIIe s. av. J.-C.). La moyenne
vallée du Rhône aux âges du Fer. Actes du XXXe colloque international de l’AFEAF, co-organisé avec
l’APRAB (Saint-Romain-en-Gal, 26–28 mai 2006), supplément 27 à la Revue Archéologique de l’Est,
2009. pp. 453–476.

18. Poux M (2012) Corent Voyage au Coeur d’une ville gauloise sous la direction de Matthieu Poux. Paris:
Editions Errance. 299 p.

19. Beaulieu J-L, de Pons A, Reille M (1988) Histoire de la flore et de la végétation du Massif central
(France) depuis la fin de la dernière glaciation. Cahiers de Micropaléontologie 3: 5–36.

20. Juvigné E, Lousberg N, Gewelt M (1988) Evolution morphosédimentaire de la narse d’Espinasse (Mas-
sif central, France). Revue des Sciences Naturelles d’Auvergne 53: 7–14.

21. Michelin Y, Vergne V, Denèfle M (2001) Variations des teneurs en éléments minéraux dans un bas-
marais holocene: la Vézolle (Chaîne des Puys), premiéres recherches des manifestations anthropi-
ques. Quaternaire 12: 31–41.

22. Trément F, Argant J, Brémont E, Cubizolle H, Dousteyssier B, Fourmont A, et al. (2007) Un ancient lac
au pied de l’oppidum de Gergovie (Puy-de-Dome): interactions sociétés-milieux dans le basin de Sar-
liève a l’Holocene. Gallia 64: 289–351.

23. Prat B (2006) Systèmes agropastoraux et milieux périurbains en Basse Auvergne au cours des trois
derniers millénaires: contribution de l’analyse palynologique à l’étude des interactions sociétés-milieux.
PhD Thesis, Université Blaise-Pascal.

24. Hatté C, Béhéret J-G, Jacob J, Argant J, Macaire J-J (2013) Refining the Sarliève paleolake (France)
Neolithic chronology by combining several radiocarbon approaches. Radiocarbon. 55: 979–992.

25. Nehlig P, Boivin P, Goër A, Mergoil J, Prouteau G, Sustrac G, et al. (2003) Les volcans du Massif Cen-
tral. Revue Géologues. Numero spécial, Massif central: 1–40.

26. Guichard V, Collis J (1992) Rapport de la campagne de fouilles de 1992. Projets de recherches ‘Au-
vergne Archaeological Survey’ (Université de Sheffield) et « Le peuplement des Limagnes à l’Âge du
fer » (Association pour la Recherche sur l’âge du Fer en Auvergne), Veyre-Monton 1992.

27. Poux M (2001) Corent: rapport de fouilles, fouille proframmé du sancuaire du Puy de Corent a Veyre-
Monton (Puy de Dôme) Service Régional d’archaeologie d’Auvergne. pp. 1–64.

28. Milcent, P-Y., Poux, M., Mader, S., Torres, M., Tramon, A. 2014. Une agglomération de hauteur autour
de 600 a.c. en Gaule centrale: Corent (Auvergne). In: Alberti, G. Feliu, C., Pierrevelcin, G. editors.
Transalpinare, Mélanges offerts à A.-M. Adam, Ausonius, Bordeaux 2014, pp. 181–204.

29. Hellman S, Gaillard M-J, Bunting JM, Mazier F (2009) Estimating the Relevant Source Area of Pollen in
the past cultural landscapes of southern Sweden—A forward modelling approach. Review of Palaeobo-
tany and Palynology 153: 259–271.

30. Moore PD, Webb JA, Collinson ME (1991) Pollen analysis. 2nd edn. Oxford: Blackwell Scientific. 216
p.

31. Stockmarr J (1971) Tablets with spores used in absolute pollen analysis. Pollen et spores 13: 615–
621.

32. Reille M (1992) Pollen et spores d’Europe et d’Afrique Nord. Marseille: Laboratoire de Botanique histo-
rique et Palynologie: editions CNRS. 520 p.

33. Beug KE (2004) Leitfaden der Pollenbestimmung: für Mitteleuropa und angrenzende Gebiete. Stutt-
gart: Gustav Fischer Verlag. 542 p.

34. Andersen ST (1978) Identification of wild grass and cereal pollen. Danmarks Geologisk Undersøgelse
Årbog 1978: 69–92.

The Environmental Impact of Proto-Historic Urbanism

PLOSONE | DOI:10.1371/journal.pone.0121517 April 8, 2015 23 / 25



35. van Geel B, Buurman J, Brinkkemper O, Schelvis J, Aptroot A, van Reenen G, et al. (2003) Environ-
mental reconstruction of a Roman Period settlement site in Uitgeest (The Netherlands), with special ref-
erence to coprophilous fungi. Journal of Archaeological Science 30: 873–883.

36. van Geel B, Aptroot A (2006) Fossil ascomycetes in quaternary deposits. Nova Hedwigia 82: 313–329.

37. Grimm EC (1993) TILIA: a program for analysis and display: Springfield: Illinois State Museum.

38. Clark RL (1982) Point count estimation of charcoal in pollen preparations and thin sections of sediment.
Pollen et spores 24: 523–535.

39. Grimm EC (1987) CONISS: A FORTRAN 77 program for stratigraphically constrained cluster analysis
by the method of incremental sum of squares. Computers and Geoscience 13: 13–35.

40. Bennett KD (2014) Psimpoll and pscomb programs for plotting and analysis. http://www.chrono.qub.ac.
uk/psimpoll/psimpoll.html. Accessed 2014 July.

41. Birks HJB, Line JM (1992) The use of rarefaction analysis for estimating palynological richness from
Quaternary pollen-analytical data. The Holocene 2: 2–10.

42. ter Braak CJF, Šmilauer P (2002) CANOCO Reference Manual and CanoDraw for Windows User's
Guide: Software for Canonical Community Ordination (version 4.5). Ithaca: Microcomputer Power.
500 p.

43. Lepš J, Šmilauer P (2003) Multivariate analysis of ecological data using CANOCO: Cambridge: Cam-
bridge University Press. 284 p.

44. Brown TA, Nelson DE, Mathewes RW, Vogel JS, Southon JR (1989) Radiocarbon dating of pollen by
accelerator mass spectrometry. Quaternary Research 32: 205–212.

45. Reimer PJ, Bard E, Bayliss A, Beck JW, Blackwell PG, Bronk Ramsey C, et al. (2013) INTCAL 13 and
MARINE13 radiocarbon age calibration curves, 0–50,000 years Cal BP. Radiocarbon 55: 1869–1877.

46. BlaauwM (2010) Methods and code for ‘classical’ age-modelling of radiocarbon sequences. Quaterna-
ry Geochronology 5: 512–518.

47. Bunting MJ, Tipping R (2000) Sorting the dross from data: possible indicators of post depositional as-
semblage biasing in archaeological palynology. In: Bailey G, Winder N, Charles R, editors. Human Eco-
dynamics. Oxford: Oxbow Books. Pp. 63–69.

48. Dimbleby GW (1985) The Palynology of Archaeological Sites: London: Academic Press. 176 p.

49. Brun C (2011) Anthropogenic indicators in pollen diagrams in Eastern France: a critical review. Vegeta-
tion History and Archaeobotany 20: 135–142.

50. Miras Y (2009) L’étude des relations entre végétation et pluie pollinique actuelle sur le plateau de Mill-
evaches (Limousin, France): outil pour une meilleure caractérisation pollenanalytique des formes pay-
sagères et des pratiques agrosylvopastorales. Revue des Sciences Naturelles d’Auvergne 73: 71–
104.

51. Antonetti P, Brugel E, Kessler F, Barbe J-P, Tort M (2006) Atlas de la flore d’Auvergne: Conservatoire
botanique national du Massif central. 984 p.

52. Kołaczek P, Zubek S, Błaszkowski J, Mleczko P, Margielewski W (2013) Erosion or plant succession—
how to interpret the presence of arbuscular mycorrhizal fungi (Glomeromycota) spores in pollen profiles
collected frommires. Review of Palaeobotany and Palynology 189: 29–37.

53. Mercuri AM, Mazzanti MB, Florenzano A, Montecchi MC, Rattighieri E (2013) Olea, Juglans and Casta-
nea: The OJC group as pollen evidence of the development of human-induced environments in the Ital-
ian peninsula. Quaternary International 303: 24–42.

54. Birks HJB (1970) In-washed pollen spectra at Loch Fada, Isle of Skye. New Phytologist 69: 807–820.

55. van Geel B (2001) Non pollen Palynomorphs. In: Smol JP, Birks JB, Last WM, editors. Tracking Envi-
ronmental Change Using Lake Sediments Vol. 3. Dordrecht: Kluwer Academic Publishers. pp. 99–
120.

56. Hellman S, Bunting JM, Gaillard M-J (2009) Relevant source area of pollen in patchy cultural land-
scapes and signals of anthropogenic landscape disturbance in the pollen record: a simulation ap-
proach. Review of Palaeobotany and Palynology 153: 245–258.

57. Edwards KJ, Whittington G (1997) Vegetation Change. In: Edwards KJ, Ralston IBM, editors. Scotland
after the Ice Age: environment, archaeology and history, 8000 BC – AD 1000. Edinburgh: JohnWiley
and Sons. pp. 63–82.

58. Peglar SM (1993) The development of the cultural landscape around Diss Mere, Norfolk, UK during the
last 7000 years. Review of Palaeobotany and Palynology 76: 1–47.

59. Seppä H (1997) The long-term development of urban vegetation in Helsinki, Finland: a pollen diagram
from Töölönlahti. Vegetation History and Archaeobotany 6: 91–103.

The Environmental Impact of Proto-Historic Urbanism

PLOSONE | DOI:10.1371/journal.pone.0121517 April 8, 2015 24 / 25

http://www.chrono.qub.ac.uk/psimpoll/psimpoll.html
http://www.chrono.qub.ac.uk/psimpoll/psimpoll.html


60. Doyen E, Vannière B, Berger J-F, Arnaud F, Tachikawa K, Bard E (2013) Land-use changes and envi-
ronmental dynamics in the upper Rhone valley since Neolithic times inferred from sediments in Lac
Moras. The Holocene 23: 961–973.

61. Andrieu-Ponel V, Ponel P, Bruneton H, Leveau P, Beaulieu J-L (2000) Palaeoenvironmenal and cultur-
al landscapes of the last 2000 years reconstructed from pollen and coleopteran records in the lower
Rhone valley, southern France. The Holocene 10: 341–355.

62. Hjelle KL (1997) Relationships between pollen and plants in human-influenced vegetation types using
presence-absence data in western Norway. Review of Palaeobotany and Palynology 99: 1–16.

63. Milcent P-Y, Chassan N, Mader S, Saint-Sever S, Tramon A (2014) Les occupations de l'âge du Bronze
du plateau de Corent (Auvergne, Puy-de-Dôme): résultats des campagnes de fouille 2010–2013. Bull.
Association pour la Promotion des Recherches sur l'Age du Bronze 12: 89–94.

64. Edwards KJ (1982) Man, space and the woodland edge – speculations on the detection and interpreta-
tion of human impact in pollen profiles. In: Bell M, Limbrey S, editors. Archaeological Aspects of Wood-
land Ecology. Oxford: British Arhaeological reports IS 146. pp. 5–22.

65. Davies AL, Tipping R (2004) Sensing small-scale human activity in the palaeoecological record: fine
spatial resolution pollen analyses from Glen Affric, northern Scotland. The Holocene 14: 233–245.

66. Petite Y (2011) Les apparitions de pollens de noyer (Juglans) dans le Jura et le nord des Alpes. In:
Reddé M, Barral P, Favory F, Guillaumet J-P, Joly M, Marc J-Y, Nouvel P, Nuninger L, Petite C, editors.
Aspects de la Romanisation dans l’est de la Gaulle. Collection Bibracte 21, Centre archéologique
européen. pp. 335–344.

67. Tixier and Vital (1985) Observation de 3 fosses du Bronze final 3 découvertes au Puy Saint André de
Busséol. Revue Archéologique du Centre de la France 24:17–34. doi: 10.1016/j.acvd.2013.12.002
PMID: 24613089

68. Milcent P-Y (2004) Le premier âge du Fer en France centrale: Société Préhistorique Française, mé-
moire XXXIV, 718 p.

69. Milcent P-Y, Mennessier-Jouannet C (2007) Entre déterminisme environnemental et processus histo-
riques: formes et modalités d'occupation du sol en basse Auvergne du Bronze final au début du second
âge du Fer. In: Richard H, Magny M, Mordeant CI, editiors. Environnements et cultures à l'âge du
Bronze en Europe occidentale, 129e congrès du CTHS, Besançon 2004. Paris: CTHS. pp. 227–242.

70. Bunting MJ, Gaillard MJ, Sugita S, Middleton R, Broström A (2004) Vegetation structure and pollen
source area. The Holocene 14: 651–660.

71. Cabanis M, Marguerie D (2013) Les ressources en bois dans le bassin de Clermont-Ferrand du Néo-
lithique à la période romaine d’après l’analyse dendroanthracologique. Quaternaire. 24: 129–139.

72. Fernández-Götz M (2014) Villages and cities in early Europe. Antiquity 88: 304–307.

73. Milcent P-Y (2007) Bourges-Avaricum, un centre proto-urbain celtique du Ve siècle av. J.-C. Les
fouilles du quartier Saint-Martin-des-Champs et les découvertes des Etablissements militaires.
Bourges: Coll. Bituriga, Service d’archéologie municipal, UMR 5608 vol.1 341 p., vol 2 176 p.

74. Galinié H (2009) Vers une appréhension partagée de l’archéologie des villes (Towards a shared ar-
chaeological approach to towns). In: Buchsenschutz O, Chardenoux MB, Krausz S, editors. L’âge du
Fer dans la boucle de la loire. Les Gaulois dans la ville. XXXIIe colloque d’lAFEAF, Bourges, Revue
Archéologique Centre Supplement 35 Tours 2009. pp. 199–206.

75. Milcent P-Y (2012) Résidences aristocratiques et expériences urbaines hallstattiennes en France (VIe-
Ve siecle av. J.-C.). In: Sievers S, Schonfelder M, editors. Die Frage der protourbanisation in der Eisen-
zeit La question de la protourbanisation a l’age du fer. Akten des 34 internationalen kolloquiums der
AFEAF vom 13–16 Mai 2010 in Aschaffenburg. Bonn: Deutrschen Archaeologischen Instituts
Frankfurt. pp. 91–113.

The Environmental Impact of Proto-Historic Urbanism

PLOSONE | DOI:10.1371/journal.pone.0121517 April 8, 2015 25 / 25

http://dx.doi.org/10.1016/j.acvd.2013.12.002
http://www.ncbi.nlm.nih.gov/pubmed/24613089


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


