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Abstract

High-resolution pollen analysis of core MDO01-2430 from the Sea of Marmara
(40°47.81'N, 27°43.51'E) allows us to reconstruct the vegetation response to cli-
matic changes during the past 23 cal ka in the Northeastern Mediterranean. Variation
in mesic/temperate forest cover indicates major climatic shifts connected to Heinrich
Stadial 1, Bolling-Allerad, Younger Dryas and to the onset of the Holocene. Pollen-
anthropogenic indicator approach was used to recognize human-induced landscape
changes in the Sea of Marmara. The pollen-inferred onset of the Holocene occurs
at ca. 11.5cal ka, indicating that the Northeastern Mediterranean region represents
a transitional zone where higher moisture availability supported an earlier forest ex-
pansion than the borderlands of the Aegean Sea and Black Sea. Three major forest
retreats occurred during the Holocene at ca. 9.2, 5.5, and 2.1 cal ka while a weaker
forest setback was detected at 7.9 cal ka. The Holocene forest setbacks are in phase
with previously published alkenone-inferred sea-surface temperature decreases in the
Sea of Marmara (core MD01-2430) reconstructed from the same archive. Our new
pollen record testifies the sensitivity of Mediterranean forests to changes in moisture
availability which is driven by changes in high-latitude climate drivers (North Atlantic
Oscillations and/or Siberian High).

1 Introduction

Palynological studies carried out in the Northeastern Mediterranean region have shown
that the vegetation of this region was sensitive to the climatic variations of the North
Atlantic high latitudes (i.e. Heinrich events and Dangaars-Oeschger cycles) (Geraga
etal., 2005; Fletcher et al., 2010a) as well as to short climatic shifts during the Holocene
(Wijmstra, 1969; Roberts et al., 2001; Lawson et al., 2005; Tzedakis, 2007; Kotthoff
et al., 2008a, 2011; Pross et al., 2009). Repeated forest contractions have been as-
sociated with regional sea surface temperature cooling events probably due to the
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enhancement of the Siberian High (SH), (Rohling et al., 2002; Marino et al., 2009;
Pross et al., 2009; Kotthoff et al., 2011), which is responsible of cold and dry spells in
winter (Saaroni et al., 1996). However, despite the extensive palynological investiga-
tions carried out in Northeastern Mediterranean, the nature and timing of vegetation
dynamics at the onset of the Holocene is not yet fully clarified (Tzedakis, 2007).

The Holocene reforestation in the northern border of the Aegean Sea occurs earlier
(at 10.2 cal) (Kotthoff et al., 2008a), than in the Black Sea, where the establishment of
forests is dated to anything between 9.5 and 8 cal ka (Atanassova, 2005; Mudie et al.,
2007; Shumilovskikh et al., 2012). The Sea of Marmara lies in a transitional zone be-
tween the Aegean Sea and the Black Sea and may, therefore, be a key area to clarify
the timing of early Holocene reforestation in the Northeastern Mediterranean region.
Moreover, no high-resolution palaeoclimatic record exists for this region displaying a di-
rect correlation between changes in sea surface temperatures and vegetation changes
at times of rapid climatic shifts during the last deglaciation (such as Heinrich event
1 (HE 1), the Bolling-Allerad interstadial (B/A), and the Younger Dryas (YD)). The first
overview of the vegetation dynamics around the Sea of Marmara for the past 33 ka was
based on low-resolution pollen records that suggested colder and drier pre- and post-
Late Glacial Maximum (LGM) conditions, a warm and humid early Holocene, and sus-
tained anthropogenic impact on vegetation from 3.5 “c kyr BP onwards (Mudie et al.,
2002, 2007). Nonetheless unfavourable climatic conditions (e.g. dry/cold episodes) in
the Eastern Mediterranean were also impacting prehistoric societies causing their col-
lapse (Weiss et al., 1993; Vermoere et al., 2002).

In this paper we present a new pollen record from the topmost 7.5 m of a sediment
core (MDO1 2430) collected in the Sea of Marmara, covering the past 23 cal ka. The
reconstructed SST from this sedimentary sequence revealed a series of cold spells
during the last 15000yr (Vidal et al., 2010) and a surprisingly cold B/A interstadial
which is in agreement with the dinocyst record (Londeix et al., 2009). Our main goals
were (i) to characterize the Northeastern Mediterranean vegetation response, tempo,
and amplitude to strong and weak North Atlantic abrupt climatic changes of the last
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23000vyr, (ii) to verify the unexpected low temperature recorded during the B/A as sug-
gested by dinocysts analysis and alkenone-inferred SST done on the same core (see
for details, Londeix et al., 2009; Vidal et al., 2010), (iii) to identify vegetation dynamics
and climatic conditions (i.e. precipitation regime) prevailing during the early Holocene,
and (iv) to propose the most likely atmospheric situation that can explain the climatic
record of the Marmara region. To address these questions, we focused pollen analysis
to obtain a high-temporal resolution record of vegetation dynamics for the LGM, HS 1
(~19-14.6 ka, Sanchez Goni and Harrison, 2010; Stanford et al., 2011), B/A, YD and
the Holocene.

Understanding past climatic changes and their impact on vegetation is an ur-
gent need considering that from climate change projections over the Mediterranean
emerges a pronounced decrease in precipitation and increase in temperature espe-
cially during the summer season (Giorgi and Lionello, 2008). It is likely that such
changes in the precipitation regime will have an impact on water resources and conse-
quently biodiversity, increase in forest fires, and reduction in crop production (Alcamo
et al., 2007).

2 Regional setting

The Sea of Marmara is 275 km long and 80 km wide and connects the Aegean Sea
with the brackish Black Sea via the 70 m deep Dardanelles Strait to the South and the
40m deep Bosphorus Strait to the North (Fig. 1). The present oceanography of the
Sea of Marmara is characterized by the outflow of brackish water from the Black Sea,
whereas saline bottom water flows in from the Mediterranean Sea, which results in
a surface-water salinity of 20.1-24.6 psu (Unliiata et al., 1990). Major rivers flow into
the Sea of Marmara only from the south. The Kocasu Rivers is the biggest modern
river entering the southern shelf of the Sea of Marmar and it delivers about 90 % of the
total suspended riverine sediment (Unliiata et al., 1990; Cagatay et al., 2000; Kazanci
et al., 2004). The Sea of Marmara is under a dry-summer subtropical climate (Koppen,
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1923) with a mean winter, summer, and annual temperature of 3.8°C, 25.7°C, and
13.7 °C respectively. Annual precipitation is ca. 660 mm yr_1 (Unal et al., 2003; Kazanci
et al., 2004) with most of the precipitation occurring during winter in association with
the westerly depressions, while in summer the subtropical high-pressure area brings
warm and dry conditions (Trewartha, 1981). In the Marmara region the potential veg-
etation is the eu-Mediterranean woodland near the coast of the Sea of Marmara and
euxinian-type forest inland (Zohary, 1973; Roberts and Wright, 1993). The Euxinian
forest is dominated by summergreen vegetation (Quercus species, Fagus orientalis, F.
sylvatica, Carpinus betulus, C. Orientalis, and Castanea), Pinus sylvestris, and Abies
(Zohary, 1973). The eu-Mediterranean woodland is a drought-resistant forest that ex-
tends from the coasts up to ca. 400 m elevation. The dominant species are evergreen
oaks (Quercus ilex, Q. Coccifera, and Q. infectoria), Pinus halepensis, Pistacia lentis-
cus, Olea europea, Ceratonia siliqua, Poaceae, and herbs. At present, the landscape
is very open and intensively farmed.

3 Materials and methods

The core MDO01-2430 (40°47.81'N, 27°43.51'E) was retrieved during the MD123
cruise (R/V Marion Dufresne) in 2001 with a Calypso piston corer on the Western
high separating the Central basin and the Tekirda basin at 580 m water depth and is
29m long (Vidal et al., 2010). The base of the core section consists of homogeneous
silty mud, gray with dark spots and thin pyrite-rich layers. A greyish-brown ash layer is
present at 698-691 cm. At 350 cm a major lithologic transition corresponds to the tran-
sition from lacustrine to marine deposits. Between 320 and 230cm a dark layer was
interpreted as sapropel. A homogenous greenish silty mud characterizes the top of the
sequence (Londeix et al., 2009; Vidal et al., 2010).
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3.1 Chronology and depth-age model

The chronology is based on six accelerator mass spectrometry radiocarbon dates on
mollusc samples (Table 1, Vidal et al., 2010). Although the water reservoir age is still
unknown for the Sea of Marmara, we decided to use the 400-yr correction as cal-
culated for the Eastern Mediterranean Sea and Black Sea on modern mollusc shells
(Siani et al., 2000). Indeed the first marine incursion in the Sea of Marmara has been
estimated at ca. 14.7 cal ka (Vidal et al., 2010) and after that reservoir age in the bot-
tom water of the Sea of Marmara are assumed to have been similar to the estimated
reservoir age of the Mediterranean.

Geochemistry of the ash layer deposited at 698—691 cm in core MD01-2430 confirms
that it corresponds to the marine tephra Y-2. This tephra represents the distal facies of
the Cape Riva eruption of Santorini, and it had been reported in other marine sediment
cores from the Sea of Marmara (Cagatay et al., 2000; Wulf et al., 2002). The Cape Riva
eruption has been dated on deposits on land, in which four dates have a mean value
and standard deviation of 18310380 *Cyr (see for details, Pichler and Friedrich,
1976; Eriksen et al., 1990; Kwiecien et al., 2008).

In order to prepare the depth-age model, the radiocarbon dates were converted
to calendar years BP with the CALIB rev 5 program (Stuiver et al., 1998). We used
the Marine04 calibration curve (Hughen et al., 2004) for the dates based on molluscs
and the IntCal04 dataset (Reimer et al., 2004) for the Y-2 tephra age. The depth-age
model was based on non-parametric weighted regression within the framework of gen-
eralised additive models (Fig. 2). The resulting model and associated age estimates
and 95 % confidence intervals are based on the combined uncertainty of the calibrated
dates and the regression line (Birks and Heegaard, 2003; Heegaard et al., 2005). The
mean estimated ages used in this paper are slightly different from those published
in Vidal et al. (2010). However the depth-age model of Vidal et al. (2010) is within
the confidence interval of our model (Fig. 2). The mean sedimentation rate during the
glacial period ranges between about 70 and 30 cmkyr™' (19 +4yrcm™'). Then during
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the late-glacial and early Holocene, the sedimentation rate reaches the mean lowest
value of ~22cm kyr_1 (46 £ 6yrcm_1). Finally, above 20 cm depth the sedimentation
rate increases to 31 + 15yrcm'1.

3.2 Pollen analysis

Samples of 1 cm® were used for pollen analysis, with Lycopodium tablets added for
estimation of pollen concentration (Stockmarr, 1971). The samples were prepared as
follows: coarse-sieving at 150 um, successive treatments with cold HCI at increasing
strength (10 %, 25 %, and 50 %), successive treatments with cold HF (HF 25 % for
2 1/2h, HF 70% 1 1/2 days), and micro-sieving (10 um mesh). Pollen grains and
spores were counted at a magnification of x 400 and x 1000 and identified using keys,
pollen atlases (Moore et al., 1991; Reille, 1992—-1998), and the reference collection of
the UMR EPOC, University Bordeaux 1. A minimum of 20 taxa, 100 terrestrial pollen
grains (excluding Pinus, aquatic plants, spores, and unknown), and a minimum of 200
objects (including Lycopodium and terrestrial pollen grains) were counted in each sam-
ple (Finsinger and Tinner, 2005). The average terrestrial pollen sum is 160 + 60 grains
excluding Pinus, or 260 grains including Pinus. Pollen grains of Pinus are generally
over-represented in marine pollen records and are therefore excluded from the pollen
sum (Heusser and Balsam, 1977; Turon, 1984; Rossignol-Strick and Planchais, 1989).
Maher (1981) showed how pollen percentages stabilize as the pollen sum increases,
using the confidence intervals of the multinomial distribution. Rull (1987) indicated that
a pollen sum of 200 grains is statistically sufficient to produce reliable estimates. In-
deed, after this value there are not significant variations in the widths of confidence
intervals for percentage, while for pollen counts of 100 grains the variation is of ca.
1 %.

The pollen types are grouped as follows: steppic (Chenopodiaceae, Artemisia,
Ephedra distachya, and E. fragilis), mediterranean (Quercus evergreen type, Olea,
Phillyrea, Cistus, and Pistacia), temperate (all trees and shrubs excluding Pinus,
Hippophaé, Quercus evergreen type, Olea, Phillyrea, Cistus and Pistacia, Ephedra
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distachya, E. fragilis), and upland herbs. The arboreal pollen group (AP) includes
mediterranean and temperate pollen types. The program TILIA was used for plotting
the pollen diagrams (Grimm, 1993). The identification of Holocene forest setbacks was
based on shifts in AP percentage of at least 20 % between adjacent. The sample
resolution of the pollen record of 3-10cm allowed for an average time resolution of
115+ 100yr (1 standard deviation-SD) during the glacial section, 420 + 100 yr for the
late glacial and 170 £ 90yr for the Holocene. The pollen record was zoned using the
visual zonation of the pollen curves on the basis of coincident changes occurring in
multiple pollen taxa.

4 Results
Vegetation dynamics inferred from the pollen analysis

The pollen zone MD30-1 (22.5-21 cal ka) was dominated by herbs (Cichorioideae,
Aster type, and Centaurea nigra type), steppic plants (Artemisia and Chenopodi-
aceae), Hippophaé and high pollen percentage of Pinus (not included in the pollen
sum) (Fig. 3a). Pollen of temperate trees (mainly Quercus deciduous type and Fagus)
were also present reaching two minima at 21.7 cal ka and 21.1 cal ka. These minima
correspond to an increase in Artemisia and Chenopodiaceae. Occurrence of reworked
pollen (mainly Carya) most probably testifies erosion of the slope around the basin of
Marmara. The landscape was dominated by open land vegetation with Hippophaé and
Pinus growing on sandy soils. This type of vegetation indicates a cold and rather dry
climate during a period that falls in the Last Glacial Maximum (LGM, Mix et al., 2001)
as also suggested by other records from the Sea of Marmara (Mudie et al., 2007).

At the beginning of zone MD30-2 (21-19.5 cal ka), pollen percentages of temperate
trees (Quercus deciduous type, Fagus and Carpinus) increased at the cost of upland
herbs, Hippophaé and Pinus (Fig. 3a). However, the pollen influx diagram indicates
that Hippophaé was still an important component of the landscape (Fig. 3b) and the
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increase of pollen percentage of temperate trees is not fully mirrored in the influx val-
ues. We can conclude that some elements of the mesic/temperate forest most probably
were present in the area around the Sea of Marmara during the LGM but the landscape
was still rather open.

In zone MD30-3 (19.5-16.6 cal ka), temperate-tree pollen percentages of temperate
tree slightly decreased while Artemisia, Chenopodiaceae and Poaceae pollen values
increased. This feature is mirrored in the pollen influx diagram; the landscape was
then dominated by steppic plants and upland herbs. A further dominance of Artemisia,
Chenopodiaceae, Cichorioideae and herbs is visible in zone MD30-4 (16.6—15 cal ka)
and it is accompanied by increases of Betula, Hippophaé and pollen of semi-desert
species (Ephedra distachya type and E. fragilis type). On the other hand pollen per-
centages of Quercus deciduous type, Carpinus, Fagus, Ulmus, and Tilia markedly de-
creased (Fig. 3a).

A sudden increase of pollen percentages of Quercus deciduous type character-
ized the zone MD30-5 (14.7-13.2cal ka). This change is also partly reflected in the
pollen influx diagram (Fig. 3b), where an increase in the influx values of Quercus
deciduous type and disappearance of Hippophaé pollen indicate the establishment
of a mesic/temperate forest. This vegetation shift clearly marks a change towards
warmer/more humid climate. In zone MD30-6 (13.2—11.8 cal ka) increases of pollen of
steppic plants (Artemisia and Chenopodiaceae) were paralled by a reduction of pollen
of mesic/temperate forests. Towards the end of this zone (ca. 11.8 cal ka), Quercus
evergreen type and some temperate taxa (Ulmus) pollen percentages increased. The
degradation of the temperate forests indicates a colder and drier climate compared to
the previous pollen zone, which corresponds to the Younger Dryas (YD) as found in
the stable oxygen isotopes in Greenland (Dansgaard et al., 1993; Rasmussen et al.,
2006).

The onset of the Holocene was characterized by an increase of pollen percentage
of elements of mesic forests: Quercus deciduous type, Fagus, Abies, Tilia, Ulmus,
Carpinus, and Corylus (zone MD30-7: 12—6 cal ka) and by the continuous pollen curve
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of Sanguisorba minor since 11.5 cal ka, followed by the appearance of Pistacia pollen.
This feature is mirrored by the pollen influx values; although a sharp increase of oak
pollen influx is only visible at ca. 10.5 cal ka. In this pollen zone an overall increase of
the total pollen influx from two to six times corresponds to the deposition of Sapropel 1
(Fig. 3b). The occurrence of Sanguisorba minor and Pistacia can be considered as
a biostratigraphic marker for the onset of the Holocene in the Eastern Mediterranean
region (Rossignol-Strick, 1995; Turner and Sanchez Goni, 1997; Kotthoff et al., 2008a).
Mesic/temperate forest is the dominant vegetation during the early-middle Holocene,
characterized by Quercus deciduous type, Fagus, Abies, Ulmus, Carpinus, and Corylus
pollen. This type of vegetation indicates an increase of temperature and precipitation.
Decrease of forest pollen percentages higher than 20 % were detected at ca. 9.3-9.1
and a weaker forest setback occurred at 7.9 cal ka. These forest retreats correspond to
an increase of steppic plants cutting off the long-term trend in increase of forest cover.

During the middle-late Holocene (zones MD30-8 and MD30-9) an overall slight re-
duction of the mesic forest is suggested by the pollen spectra, though this type of forest
was still dominant. A marked forest setback is detected at ca. 5.5 cal ka, mainly due to
a reduction of pollen percentages of Quercus deciduous type and increase in Poaceae
and Chenopodiaceae. Then short-term minima of temperate and mediterranean tree
pollen occur at ca 2.1 cal ka to which correspond increases of Poaceae, Caryophyl-
laceae, Sanguisorba minor, Asteraceae, Cichorioideae, and Artemisia. Increases in
pollen percentage of herbs were coupled with the occurrence of anthropogenic-pollen
indicators (Behre, 1990; Bottema and Woldring, 1990) such as Cerealia type, Juglans
and Olea that occurred since 3.1, 2.4 and 2.3 cal ka respectively (Fig. 5). Probably
human exploitation of the mesic/temperate forest became stronger. Similarly, in other
sedimentary cores from the Sea of Marmara the disappearance of Pinus and Quercus
forests and the spread of Artemisia, Cichorioideae, and Chenopodiaceae were de-
tected after ca. 4000 yr BP (ca. 4.3—4.8 cal ka) and attributed to the human occupation
of the area around the Sea of Marmara (Mudie et al., 2002, 2007).

4192

8, 4183-4221, 2012

Vegetation dynamics
in the Northeastern
Mediterranean region

V. Valsecchi et al.

Title Page

Abstract Introduction

Conclusions References

Tables

Figures

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

() ®

uI
| I


http://www.clim-past-discuss.net
http://www.clim-past-discuss.net/8/4183/2012/cpd-8-4183-2012-print.pdf
http://www.clim-past-discuss.net/8/4183/2012/cpd-8-4183-2012-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

5 Discussion

5.1 Direct correlation between vegetation and sea surface changes in the Sea
of Marmara region and integration with other records from the Northeastern
Mediterranean region

The beginning of the studied sequence of core MD01-2430 falls in the Last Glacial
Maximum (LGM, Mix et al., 2001) and according with the dinocysts flora (i.e. presence
of Spiniferites cruciformis, Pediastrum, and fresh-water ostracods) the Sea of Marmara
was an isolated mildly brackish (caspibrackish). Dominance of Spiniferites cruciformis
indicates a large seasonal contrast in the sea-surface temperatures (SST) (Londeix
et al., 2009) (Fig. 4). At that time the vegetation was dominated by open land and
Hippophaé (Fig. 3a) and some peaks in Artemisia and Chenopodiaceae pollen per-
centages were detected, indicating short-term dry periods. An increase of thermophilic
dinocysts including subtropical/tropical coastal species (Londeix et al., 2009) occurred
between 20.6 and 18.5cal ka at about the time of an increase in temperate pollen
types (Quercus deciduous type, Fagus and Carpinus) dated to 21-19.5 cal ka. Alto-
gether these proxies indicate a change towards climatic conditions less severe than
before (Fig. 4). Our data support recent model simulations for the LGM (21 + 2 ka) that
indicate the presence of cold-tolerant species (Carpinus, Corylus, Fagus, Tilia, Fraxi-
nus excelsior, Alnus, Quercus robur, and Ulmus) on the western shore of the Sea of
Marmara (Leroy and Arpe, 2007; Arpe et al., 2011).

AP percentages gradually decreased starting from about 19.5 cal ka at the benefit
of steppic plants (Fig. 3a). Then a minimum in AP pollen percentages was reached
between ca. 17—15 cal ka, pollen of steppic plants increased (up to 50 %) and pollen of
semi-desert species (Ephedra sp.) were present. Similarly during this period (19.5—
15 cal ka) thermophilic dinocysts almost disappeared: a first decrease is visible at
ca. 18.4cal ka and a second one at 16.4 cal ka. Cool dinocysts were instead present
with stable values until 16.4 cal ka, when Spiniferites cruciformis became the dominant
dynocyst (Fig. 4). Increase in steppic plants and cold dinocysts were also found in other
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cores from the Sea of Marmara (Mudie et al., 2007) and in the Aegean Sea (Geraga
et al., 2010; Kotthoff et al., 2011) suggesting that at that time climatic conditions were
more critical, e.g. colder and drier than the conditions during the LGM. Moreover this
phase can be subdivided in a first half (up to 17 cal ka), which was probably wetter
than the second half (17—15 cal ka). A similar dry/cold period with a two-phase pattern
was also described for the Western Mediterranean (Naughton et al., 2007; Fletcher
and Sanchez Goni, 2008; Fletcher et al., 2010a) and it was related to the HS 1, ~ 19—
14.6 ka (Fig. 5). Based on lake-levels changes of Lake Lisan (paleo-Dead Sea), the link
between Eastern Mediterranean drought phases and HSs events was present during
the past 55 ka (Bartov et al., 2003). The proposed mechanism to explain this telecon-
nection accounts for an intensification of the Siberian High (SH) which is responsible
for severe cold and dry winter conditions and polar/continental air outbreaks over the
Aegean Sea (Rohling et al., 2002; Marino et al., 2009; Pross et al., 2009; Kotthoff
et al., 2011). On the other hand, the collapse of the North Atlantic Deep Water cir-
culation likely caused an input of cold water in the Mediterranean and a consequent
reduction in the evaporation. In turn, this would have resulted in a reduction in the
strength and the frequency of storms and therefore a decrease in precipitation over the
Eastern Mediterranean region (Bartov et al., 2003).

Starting from 14.7 cal ka pollen percentages of steppic plants decreased and a sud-
den increase of Quercus deciduous type and AP is detected in the pollen record
indicating an increase in temperatures and moisture. Spiniferites cruciformis is still
dominant (Londeix et al., 2009), indicating probable cold winters and hot summers.
Alkenone-derived SST indicates low temperature most probably during spring which is
the period when coccoliths preferentially produce this compound (Fig. 4) (Vidal et al.,
2010). A possible scenario that might explain the apparent contradiction between the
climate evidences during the B/A is that the cold SST in Sea of Marmara is the result
of the arrival of freshwater from melting Northern European ice during deglaciation,
while our pollen data records the terrestrial vegetation. Another apparent contradiction
is present when comparing the pollen and ostracods-derived stable-oxygen isotopes
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record from core MD01-2430. The isotopes show a trend towards higher values since
14.5 cal ka which might be interpreted as an increase of evaporation. However, in-
crease in moisture is evidenced by increase in mesic/temperate forest based on pollen
data of core MD01-2430 and pollen records in the Aegean Sea (Kotthoff et al., 2008a,
2011) and in Turkey (Jones et al., 2007). This support the idea of Vidal et al. (2010) that
attribute the increase in stable-oxygen isotopes values at the increase in precipitation-
water 620 (3 %o—4 %) and not to a drought phase during the B/A.

In addition in our record maximum of AP is reached towards the Allerad (Fig. 5) sim-
ilarly to what was already described in Western Mediterranean (Combourieu Nebout
et al., 2009; Fletcher et al., 2010b) suggesting a warming trend from the Bolling towards
the Allergd. Our finding then support the idea of a climatic contrast during B/A with
Greenland and North Europe expiring a cooling trend towards the end of the B/A while
climate stability or warming was evidenced in Southern Europe (Genty et al., 2006;
Combourieu Nebout et al., 2009).

In core MD01-2430 an optimum in dinoflagellates indicating cold conditions is again
recorded between 13 and 12.15 £ 0.25cal ka where Bitectatodinium tepikiense and
Spiniferites elongatus are found with their highest values (Fig. 4). These species are
winter cool-water indicators (Turon, 1984; Marino et al., 2009), and similarly alkenone-
derived SST shows low values (ca. 10°C, Vidal et al., 2010). This is in agreement with
the results of pollen analysis that indicate a withdrawal of the mesic/temperate forest
and increase of steppic plants, indicating cold and dry conditions during the YD. The
YD has been already described in the Northeastern Mediterranean as an abrupt event
characterized by a change towards more drought-tolerant type of vegetation (Wijmstra,
1969; Rossignol-Strick, 1995; Atanassova, 2005; Lawson et al., 2005; Mudie et al.,
2007; Kotthoff et al., 2008a; Shumilovskikh et al., 2012). Pollen-based climatic recon-
structions for the Aegean region have also shown a decline in annual temperature of
ca. 6°C and a precipitation decrease of ca. 300 mm (Dormoy et al., 2009; Kotthoff et al.,
2011) during the YD.
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The onset of the Holocene in core MD01-2430 is marked by the establishment of
a mesic/temperate forest with some element of the mediterranean forest which sug-
gests the increase in temperature and water availability. The dinocysts record shows
the association of cool and thermophilic species which might suggests a seasonal
contrast in SST (Londeix et al., 2009) while alkenone SST show an increasing (Fig. 4)
(Vidal et al., 2010). The late-glacial/Holocene transition as marked by the AP record
in our record matches very well with changes in 5'3C values of a stalagmite located
in Sofular Cave (Northwestern Anatolia) (Fleitmann et al., 2009), indicating a forested
phase during the early-middle Holocene (Fig. 5). During the Holocene forest setbacks
at ca. 9.2 and 5.5 are directly associated with decrease in SST in the Sea of Marmara
(Fig. 4) highlighting a connection between the SST, the resulting moisture availability,
and changes in the forest cover. A major forest retreat at 5.6 cal ka was also found
in northern borderlands of the Aegean Sea (Kotthoff et al., 2008a), similarly a de-
crease in SST was found in the Aegean Sea (Marino et al., 2009). At ca. 5.5 cal ka
decrease in winter-spring rain as determined by clay layer frequency are found in the
Black Sea (Lamy et al., 2006) and a dry event is visible in stable-oxygen isotopes
record of Soreq Cave (Fig. 5) (Bar-Matthews et al., 1997; Bar-Matthews and Ayalon,
2011). This drought phase coincides also with a major archaeological transition (Bar-
Matthews and Ayalon, 2011; Roberts et al., 2011). Strikingly, our record shows only
a weak forest retreat during the most pronounced shift in temperature at 7.9-8 cal ka
as recorded by SST. Similarly 6'3C of Solfular Cave don’t show any marked shifts in
the values around 8 cal ka (Figs. 4 and 5) (Fleitmann et al., 2007). A pronounced vege-
tation shift is instead detected on the northern borderland of the Aegean Sea (Kotthoff
et al., 2008b) and in Tenaghi Philippon pollen records (Pross et al., 2009) and it was
associated with the 8.2 cal ka climate event. On the contrary a spreading of temperate
forest was recently describe for the Black Sea region at ca. 8.3 cal ka and it was related
to higher moisture availability (Shumilovskikh et al., 2012).

Further decreases in AP percentages from average values between adjacent sam-
ples of 10% might be identified at 10.4, 9.9, 6.1, 4.3, 2.9, 2.1, 1.2 and 0.3cal ka
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and interpreted as forest set-backs to which correspond an increase of steppic plants
(Fig. 5). The minor oscillations prior the human impact (ca. 2.5 cal ka) can tentatively
be correlated with increases in North-Atlantic ice-rafting — Bond’s events (Fig. 5) (Bond
et al., 1997, 2001).

5.2 Early Holocene moisture availability in the Sea of Marmara region

The early Holocene in our sequence is characterized by a sudden expansion of tem-
perate trees at ca. 11.5+£0.3calka (Fig. 3a) indicating an increased availability of
moisture. A warm and wet early Holocene (9.5 “c kyr BP; ca. 11 cal ka) was also
invoked by Mudie et al. (2007) on the basis of pollen profiles from the Sea of Mar-
mara. Holocene reforestation occurs at only at 12 cal ka in Nisi Fen (northern Greece)
(Lawson et al., 2005), only at 10.2 cal ka on the northern border of the Aegean Sea
according to marine pollen sequences (core SL 152, Kotthoff et al., 2008a), at ca.
8.5 '“C kyr BP (9.5 cal ka) in the Southwestern Black Sea (Mudie et al., 2007), at ca.
8.5 cal ka in Southeastern Black Sea (Shumilovskikh et al., 2012), and at ca. 7.1-7.5
“c kyr BP (8 cal ka) in the Western Black Sea (Atanassova, 2005). However in core
SL 152 (Aegean region) a decrease in the steppic plants (Artemisia, Chenopodiaceae
and Ephedra) and expansions of herbs (Centaureaceae and Cichorioideae) occurred
at ca. 11.6 cal ka indicating an increase of the water availability prior the forest expan-
sion (Kotthoff et al., 2008a). A similar pattern can be seen in the Tenaghi Philippon se-
quence, where the reforestation occurs ca. 1000 yr after the decrease of the Artemisia
and Chenopodiaceae (Pross et al., 2009).

The differing source areas for the pollen assemblages in the Sea of Marmara, Black
Sea, and Aegean Sea might also explain the different timing of the reforestation. The
Aegean sequence reflects the vegetation in the northern borderlands of the Aegean
Sea (Kotthoff et al., 2008b), while the geographical position of the Sea of Marmara re-
sulted in a pollen sequence that should reflect the vegetational changes on Thrace and
Northwestern Anatolia. The fluvial component in the Sea of Marmara is represented
only by rivers that flow from the Anatolia peninsula. However aerial pollen account
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for the main input in the Sea of Marmara sediments (van Zeist and Bottema, 1991;
Mudie et al., 2002; Leroy et al., 2009). We can conclude that the pollen record of core
MDO01-2430 mainly represents Northwestern Anatolia. Stable-carbon isotopes of Sofu-
lar Cave suggest a presence of forested ecosystem since 10.5 cal ka in Northwestern
Anatolia indicating that during the early Holocene moisture was available and that the
vegetation response to favourable climatic conditions was fast (Fig. 5) (Fleitmann et al.,
2009; Gokturk et al., 2011). Conversely, a dry early Holocene is detected by various
proxies in the drier parts of the Near East, in sites located in southernmost Europe,
and in continental zones. In these areas the reforestation occurred only after 8 ka due
to persistent arid conditions that kept moisture levels below the tolerance threshold for
tree growth (van Zeist and Bottema, 1991; Stevens et al., 2001; Bottema and Sarpaki,
2003; Wick et al., 2003; Tzedakis, 2007). We can conclude that the northern border-
land of Southern Europe can be considered a transitional zone where the moisture
level determined an earlier (ca. 11.5 cal ka) woodland expansion (e.g. Northern Anato-
lia as shown by our data) or a later expansion in ecological stressed areas (Tzedakis
et al., 2004; Tzedakis, 2007).

The importance of the water availability (especially during winter) for the estab-
lishment of forest was highlighted by pollen-based climatic reconstructions (Kotthoff
et al., 2008b; Dormoy et al., 2009). Recently climate simulations have shown that
across the early Holocene stronger winter precipitation occurred over the Northeastern
Mediterranean (near Turkey) while there is little evidence for summer precipitation in
the Eastern Mediterranean (Brayshaw et al., 2011). The mechanism associated with
winter precipitation in Eastern Mediterranean is not yet fully understood (Giorgi and
Lionello, 2008). Evidence from paleo-data suggests that negative rainfall anomalies
in the Black Sea region occurred during phases of high North Atlantic Oscillations
(NAO) causing intervals of lower clay-layer frequencies (Lamy et al., 2006). A role of
the Siberian High (SH) which is responsible for severe cold and dry winter conditions
and polar/continental air outbreaks over the Aegean Sea (Rohling et al., 2002) is in-
stead invoke to explain the evidence of 8.2 event in Tenaghi Philippon record (Pross
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et al., 2009) and centennial-scale SST cooling events in the Aegean Sea (Marino et al.,
2009). Finally comparison of palaeolimnological records from Eastern and Western
Mediterranean has highlighted that NAO forcing alone cannot explain the hydrology
pattern in Eastern Mediterranean since 900 AD (Roberts et al., 2012). In order to pre-
cisely establish the correlation between these two climate systems (SH/NAO) during
the late-glacial and Holocene, it is necessary to make a comparison of our data with
high-resolution pollen sequences from areas not affected by the SH (i.e. western part
of the Mediterranean).

5.3 Evidences for human occupation during the Holocene

Holocene vegetation changes might be caused by variation in either climate or human
activities or both. Human activities on the landscape can be detected by the increase of
weeds and ruderal herbs (e.g. Chenopodiaceae, Sanguisorba minor type and Cichori-
oideae), domesticated species (e.g. Cerealia type, Olea, Vitis and Juglans) and an
overall increase in non-arboreal pollen (NAP). However, all these pollen types can also
be present in the natural vegetation, therefore care must be used in the interpretation
of pollen diagrams of the Eastern Mediterranean (Behre, 1990; Bottema and Woldring,
1990).

Several Neolithic settlements (namely llipinar, Mentese, Barcin Hoyuk, Pendik,
Fikirtepe, Yarimburkaz, and Toptepe) were established near the northern and south-
ern shore of Sea of Marmara from ca. 8.4-7.4calka (Roodenberg and Alpaslan-
Roodenberg, 1999; Bottema et al., 2001; Rosenstock, 2005; ézdogan, 2012) possibly
causing a change in the landscape (Fig. 1). Palaeoenvironmental investigations con-
nected with archaeological excavations were carried out in the area around lllipinar
(Fig. 1). The pollen spectra of Yenisehir core (the only sedimentary core dated) show
a drop in tree pollen during the Late Neolithic/Early Chalcolithic (ca. 8-7.4 cal ka) and
Late Chalcolithic/Early Bronze Age (ca. 5.7—-4.6 cal ka), indeed during these periods
the area was densely populated (Bottema et al., 2001).
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On the basis of the pollen-anthropogenic approach (Behre, 1981) we can attest that
our pollen diagram does not show clear traces of human activities during the early
Holocene. A similar feature is clear in other pollen profiles located near Early Neolithic
settlements, where a definite sign of human presence is not found, meaning that the
human activities did not strongly impact the vegetation (van Zeist and Bottema, 1991;
Willis, 1995; Bottema et al., 2001). On the other hand, in the pollen record of MDO1-
2430 core a deforestation phase was clearly detected at ca. 5.5 cal ka while a weaker
forest setback occurred at 7.9 cal ka (Fig. 6). Considering chronological uncertainty, the
forest setback at 5.5 cal ka might be related to the occupation phase around the nearby
llhpinar site during Late Chalcolithic/Early Bronze Age. Simultaneously, in the city of
Kumtepe (ca. 5.5cal ka) and later on in Troy (ca. 4.5 cal ka) there is clear evidence
in increasing of openness (Korfmann, 2006; Riehl and Marinova, 2008). However the
deforestation phase at 5.5 calka is also linked with a period of climatic deterioration
(see previous section).

The presence in our pollen diagram of Juglans, Olea, Phillyrea, Ericaceae, Cerealia
type, and Centaurea nigra type, as well as a steady increase of Artemisia, Cichori-
oideae, and trilete spores (possibly Pteridium) since ca. 2.5 cal ka indicates a marked
change in the landscape (Fig. 6). This pollen assemblage suggests an opening of the
forests in correspondence to an increase of human activities (e.g. cultivation of cereals
and possibly arboriculture). The ancient city of Daskyleion lied on the shore of Lake
Manyas nearby the south-western shore of Sea of Marmara (Fig. 1) from the Bronze
Age to the Roman Period (ca. 2.6 cal ka—0.3 cal ka, Leroy et al., 2002). A pollen se-
quence from Lake Manyas indicates an increase of pollen percentage of Juglans, Cas-
tanea, Vitis, Olea, Fraxinus ornus, and Quercus (Leroy et al., 2002) which suggested
a phase of intense human occupation characterised by arboriculture (the so-called
Beysehir Occupation Phase — BOP) (van Zeist and Bottema, 1991; Leroy et al., 2002).
The BOP is reflected in several pollen diagram of Southwestern Turkey and it is dated
from 3.5—1.4 cal ka (Eastwood et al., 1998). Although Lake Manyas lies few kilometres
away from the Sea of Marmara, in our pollen diagram a clear BOP cannot be detected.
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6 Conclusions

The marine pollen record from the Sea of Marmara, core MD01-2430, confirms the high
vulnerability of the vegetation in Eastern Mediterranean (Northern Anatolia) to changes
in the winter-spring precipitation regime and temperature. Steppic plants (such as
Artemisia and Chenopodiaceae) dominated vegetation during periods with cold and
dry climatic regime (e.g. HS1, YD), whereas Cichorioideae and Asteraceae and Hip-
pophaé dominated during the LGM. We have shown a wet to dry trend within the HS1 in
the Sea of Marmara region and drier and colder conditions than during the LGM, just as
was found in the Western Mediterranean (Naughton et al., 2007; Fletcher et al., 2010a),
and confirming that western storm tracks penetrated during the LGM as far as the East-
ern Mediterranean (Kuhlemann et al., 2008; Lainé et al., 2009). Surprisingly our record
does not show a time lag during the Holocene reforestation (ca. 11.5 cal ka), pointing
to the fact that Northern Anatolia lies on a transitional area compared to the Near East
or continental areas (see Black Sea records), where drought was a limiting factor up
to 9—8cal ka. In our record, as soon as moisture was sufficient forest vegetation ex-
panded, probably also indicating presence of refugia of deciduous oak near the Sea
of Marmara as predicted by model simulations (Arpe et al., 2011). The anthropogenic-
pollen indicators approach shows that disentangling the climate from human signals
in pollen sequences in the Eastern Mediterranean is still an open issue. Contempo-
raneous with a major regional human occupation, the major forest-withdrawal phase
at 5.5 cal ka directly associated with SST lowering episodes can be linked to periods
of low temperature and to winter precipitation according to pollen-independent palaeo-
climatic proxies. Consistently with several paleoproxies in the Eastern Mediterranean
the winter rainfall regime can be related to the SH or/and NAO. In the perspective of
the future climate changes towards increased dry spells a better understanding of this
climatic systems might be possible by the comparison of high-resolution paleoproxies
from Eastern and Western Mediterranean.
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Table 1. AMS-radiocarbon dates on core MD01-2430.

8, 4183-4221, 2012

Vegetation dynamics
in the Northeastern
Mediterranean region

V. Valsecchi et al.

Laboratory reference  Depth (cm) Material dated *c yr BP Reservoir correction  Calendar age calyr BP (1 sd)
0S-35404 200 Scrobicularia plana 4780+ 55 400% 4952-5187
0S-40506 253 Scrobicularia plana 8010 + 60 400% 8402-8528
0S-40513 337 Arca sp. 10850 + 65 400% 12230-12601
0S-40514 347 Arca sp. 11050 + 65 400% 12657-12803
0S-40515 349 Arca sp 11050 + 70 400% 12647-12807
0S-40516 384 Turricaspia caspia 13050 + 75 400% 14742-15066

Y 2/Cape Riva Tephra ~ 691-698 wood 18310 + 380° - 21262-22230

& Reservoir correction following Siani et al. (2000).
® Mean and standard deviation calculated by Kwiecien et al. (2008) based on original dating series
(Eriksen et al., 1990; Pichler and Friedrich, 1976).
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———
0120 240km

C

Fig. 1. Location of the sites discussed. (a) NGRIP ice core, North Atlantic (MC52 and VM29-
191) and the Near East (speleothem from Soreq Cave). The dashed arrow indicates the West-
ern riding of the Siberian High during winter/spring (Marino et al., 2009). (b) Highlight of the
sites located in Eastern Mediterranean: sediment core in the Sea of Marmara (MD01-2430),
marine cores in the Aegean Sea (SL152 and MNB3), marine core in the Black Sea (GeoB
7622-2), continental core in Greece (Tenaghi Philippon) and speleothem from Sofular Cave.
Some archaeological sites are indicated by square. Map (c) indicates seasonal rainfall and
the movement of depression within the Mediterranean (modify by, Boucher, 1974). Seasons of
maximum rainfall are shown only for Turkey and Near East: W (winter), A (autumn), S (spring)
and X (indistinct). Figures in the lows indicate annual mean frequency of depressions.
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Fig. 3a. Pollen percentage diagram for core MD01-2430 showing only selected taxa. Pinus,
aquatics, ferns and reworked pollen are not included in the pollen sum. Mediterranean trees
include Quercus evergreen type, Cistus, Olea, Phillyrea and Pistacia. Steppic plants include
Artemisia, Chenopodiaceae, Ephedra distachya type and E. fragilis type. Filled black curves
show the percentage values of single pollen type; white curves indicate percentages enlarged
by ten.
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Fig. 3b. Pollen influx diagram for core MD01-2430 showing only selected taxa. Gray band

indicates the Sapropel 1 (S1).
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Fig. 4. Pollen percentage, dinocysts percentage and sea surface temperature (SST) for core
MDO01-2430. Arboreal taxa include all trees and shrubs except Hippophaé, Ephedra distachya
type and E. fragilis type. Steppic includes Artemisia, Chenopodiaceae, Ephedra distachya type
and E. fragilis type. Alkenone derived sea surface temperatures (SST) (Vidal et al., 2010). Ther-
mophilic dinocysts include: Tuberculodinium vancampoae, Tectatodinium pellitum, Spiniferites
mirabilis, Spiniferites delicatus, Lingulodinium machaerophorum, Polysphaeridium zoharyi, Op-
erculodinium israelianum, and Stelladinium stellatum; cool dinocysts include: Pentapharso-
dinium dalei, Bitectatodinium tepikiense s.l., Caspidinium rugosum s.I. and Spiniferites elon-
gatus s.l. (Londeix et al., 2009). Numbers from 1 to 3 indicate forest set-backs. Grey boxes
indicate major climatic shifts: LGM (Last Glacial Maximum) which last from 23-19 cal ka (Mix
etal., 2001), HS1 (Heinrich Stadial 1) from ca. 19—15 cal ka (Sanchez Goni and Harrison, 2010;
Stanford et al., 2011), YD (Younger Dryas or GS-1) from ca. 12.7—11.7 cal ka (Steffensen et al.,
2008) and S1 from ca. 7-11.5cal ka (Vidal et al., 2010).
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Fig. 5. Selected palaeoclimate records arranged by latitude (north on the top) and paleo prox-
ies for core MD01-2430. (a—b summer and winter insolation values at 30° N, Berger and Loutre,
1991). (¢) NGRIP 5'%0 (%o VSMOW) proxy for temperature based on GICCO05 timescale (An-
dersen et al., 2006; Rasmussen et al., 2006; Vinther et al., 2006), black solid curve represents
200yr (span 0.1) running average smoothing. (d) GIPS2 potassium ion (ppb) proxy for the
SH (Mayewski et al., 1997), black solid curve represents 200yr (span 0.01) running average
smoothing. (e) Ice-rafted hematite-stained grains in the North Atlantic sediment cores MC52
and VM29-191. Numbers from 0 to 8 designate the millennial-scale cycles (Bond et al., 1997,
2001). (f) Clay layer frequency record from core GeoB 7622-2 (Black Sea) proxy for winter
precipitation in Northern Anatolia (Lamy et al., 2006). (g) s%c (% VPDB) of stalagmite So-1
from Sofular Cave (Turkey) proxy for type and density of vegetation: values of —12 %, are char-
acteristic for C5 plants (trees and shrubs) and values of —6 %. for C, (grasses and chenopods)
plants (Fleitmann et al., 2009), black solid curve represents 200 yr (span 0.01) running aver-
age smoothing. (h) Arboreal pollen type (%) including temperate and mediterranean plants for
core MDO01-2430 (this study), numbers from 1 to 3 indicate forest set-backs, B/A and HS1 in-
dicate biostratigraphic zone based on our data. (i) Alkenone derived sea surface temperatures
(SST) on the core MD01-2430 (Vidal et al., 2010). (j) 5'%0 (%o VPDB) of Soreq Cave (Israel)
(Almogi-Labin et al., 2009). For the legend of grey boxes LGM, HS1 and YD see Fig. 4.
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Fig. 6. Pollen percentage diagram showing selected taxa for core MD01-2430. Filled black
curves show the percentage values of single pollen type; white curves indicate percentages
enlarged by ten. Gray bands indicate phases of forest withdrawal for anomalies above 20 %.
Archaeological periods and most important events in the past societies for Northern Anatolia

region are shown on the right-side end.
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