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Abstract

In this study, pollen records collected from Southwest Anatolia belonging to early to mid-Holocene
Period (10000 / 6000 **C years BP) reinterpretation was carried out with the biomization based on plant
functional type. It was discovered that the climate conditions of ~9000 e yr BP were colder and dryer
than today’s conditions while the forest vegetation in the mountainous area interior region of the
Pollen; Vegetation; Mediterranean coastal belt 50-60% of the total area. In the earlier of the Holocene (~ 9000 **C yr BP),
Climate Change; Early  the interior Mediterranean the climate conditions were milder, that is colder and more semi humid/arid
Holocene; Southwest i, comparison with the Younger Dryas period (~ 11000/10000 “C yr BP) while steppe vegetation
Anatolia. prevailed. In the final stages at the ends of early Holocene (~ 7000 to 6000 e yr BP) forest prevailed in
a major part of Southwest Anatolia due to the impact of changing climate conditions. These results
show that, unlike the other regions of Turkey, the change of the flora of Southwest Anatolia paralleled
the climatic changes during the early Holocene time interval and that the steppe flora transposed into

the forest pattern without delay.
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Polen Kayitlarina Gore Giineybati Anadolu’nun Erken Holosen Donemi

Bitki Ortiisii ve iklim Kosullari
Ozet

Glneybati Anadolu, Avrupa ve Ortadogu Olgeginde bitki siginma alanlari igerisinde en Onemli
boélgelerden biridir. Bolgenin Erken Holosen’e ait palinolojik kayitlarinin dagilisi ve yeterliligi bu veriler
lizerinden vejetasyon ortisi ve iklim kosullarina iliskin genel bir degerlendirme yapilmasina olanak
saglamaktadir. Bu nedenle Erken Holosen’deki (GO. 10000 / 6000 **C yillar) bitki 6rtiisii ve iklim
kosullari, fonksiyonel bitki tipine dayali biomizasyon metoduyla yeniden yorumlanmistir. GO. ~9000 e
yiinda’da iklim kosullarinin glinimizden daha soguk ve kurak oldugu, orman vejetasyonunun ise
Akdeniz kiyi kusaginda ve kiyi gerisindeki daglk alanda %50-60’1 buldugu saptanmistir. Akdeniz ardinda
ve ic kesimlerde ise Holosen’in ilk bdlimiinde (GO. ~9000 **C yili) Geng Dryas dénemine (GO. ~
Holosen; Giineybat 11000/10000 **C yili) kiyasla daha zayif olmak kaydiyla soguk ve yari nemlifyari kurak iklim kosullari ile
Anadolu. step vejetasyonu egemen olmustur. Erken Holosen’in son bélimiinde ise (GO. ~ 6000 %c yill) Glneybati
Anadolu genelinde degisen iklim kosullari ile iliskili olarak blyik ol¢lide orman 6rtisi hakimdir. Elde
edilen sonuglar, Glineybati Anadolu’nun bitki 6rtlisi ve ikliminin tiim lokasyonlar icin genellenecek
kadar tekdlze olmadigini goéstermistir. Bu sonuglar; Tirkiye’nin diger bolgelerinden farkl olarak
Glneybati Anadolu’da, Erken Holosen boyunca vejetasyon ortistinlin degisen iklime paralel olarak ve

bir gecikme gostermeden step tiiri bitkilerden orman ortisiine gectigini gostermektedir.

Anahtar kelimeler
Polen; Bitki Ortiisu;
iklim Degisimi; Erken
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1. Introduction change has been the fundamental reason for
changes in vegetation patterns and biological

The most important determinant of the ambient diversity (Medail and Diadema, 2009; Allen et al.,
changes, which took place during the glacial and  5010). puring the end of the last cold period of the
interglacial ~periods in the Quaternary, is  jntermediate period (Younger Dryas 11000-10000

undoubtedly the climate. In addition, climate 14C yr BP), climate and vegetation pattern changes
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started and continued throughout the 4000 year in
the early Holocene period, major ambient changes
such as soil formation and faunal migrations had
taken place (Kutzbach et al., 1998; Prentice et al.,
2000; Roberts, 2002; Kotthoff et al., 2008; Turvey,
2009).
proliferation of plants in refuge areas, in the

This period had a major impact on the

formation and development of present day
vegetation (Brewer et al.,, 2002; Taberlet and
Cheddadi, 2002; Cheddadi et al., 2006). Thus the
period (10000 — 6000 **C yr BP) revealed the
domination of tree species in the vegetation
pattern which is one of the major changes in
world’s natural history.

Among European and Middle Eastern plant
refuge areas, Southwest Anatolia is one of the
most  important locations. Because  well
documented pollen diagrams taken from different
points in this region (van Zeist et al.,, 1975;
Bottema and Woldring, 1984; Yasar, 1994;
Eastwood, 1997; Rossignol-Strict, 1999) in which
hold a light to the changes in the early Holocene
vegetation pattern. Vegetation reconstruction
carried out through the utilization of pollen data
explains the climate conditions as well as enables
mapping the direction of the mobility ratio
between biomes and the taxonomy of individual
plants in Europe and the Middle East (Brewer et
al., 2002; Taberlet and Cheddadi, 2002; Cheddadi
et al., 2006).

Although there is sufficient research material
for early Holocene period flora within Southwest
Anatolia boundaries on a local scale, there are no
regional assessments for the reconstruction of
paleo-environmental  conditions.  Since the
relationship between the establishment of the
vegetation pattern for this period and its
development phase and climate conditions are
unknown, it was deemed necessary to choose the

objective of this paper.

2. Study Area - Material and Method
The research work was started by separating
the accessible early Holocene pollen registrations

for 8 locations in Southwest Anatolia according to
their into 2
vegetation accordance  with

locations and assessing them
regions in
contemporary climate conditions (Table 1; Figure
1). Later, Pinus, Artemisia, Chenopodiaceae,
Juniperus, Cedrus, Quercus and Olea pollen records
were selected as foreseen by the biomization
method based on plant functional type (PFT)
(Prentice et al.,, 1992; Prentice and Webb, 1998;
Prentice et al., 2000; Cramer, 2002) by taking into
consideration both the fact that the species had
common features and were widespread and
characterized by different temperature and
precipitation conditions (Olson et al.,, 1983;
Prentice and Sykes, 1995; de Noblet et al., 1996;
Haxeltine et al., 1996; Kutzbach et al., 1998;
Cheddadi et al., 2001; Otto et al., 2002; Sitch et al.,
2003). Finally, the model study was interpreted
accordingly.

Pinus, Artemisia and Chenopodiaceae are

cosmopolitan species growing naturally in
Southwest Anatolia. Thus, they appear in all
Although

taxa/pollen types have a similar hardness in greater

vegetation regions. these three
abundance summer draughts, because of their
need for moisture, Pinus and Artemisia are more
profuse in areas with more winter precipitation
(Singh et al, 1973,

Moslimany, 1990). Juniperus and Cedrus, which are

than Chenopodiaceae

characterized by cool and humid environments, are
coniferous tree plants (Glnal, 1997). Both species
have Mediterranean phytogeographical
characteristics. For this reason, while Cedrus is
capable of growing in Southwest Anatolia,
especially in the humid areas, Juniperus prefers to
grow in more arid areas. At the same time, tree
species such as Quercus and Olea, which prefer a
hot climate, also have a high tolerance for winter
temperatures (Prentice et al., 1996). These two
species are the leading hot environment indicators
used in vegetation and climate reconstruction

(Rossignol-Strick, 1993; 1995; 1999).
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Table 1. Locations of pollen records selected from Southwest Anatolia.

Aegean Sea

% \\
g

No Location Elevation (m a.s.l.)  Vegetation regions References

1 Aegean Sea Om Mediterranean Yasar, 1994

2 Mediterranean Sea Om Mediterranean Rossignol-Strict, 1999.

3 Avlan Lake 1043 m Mediterranean Mountain Region Bottema and Woldring, 1984
4 Sogut Lake 1400 m Mediterranean Mountain Region Van Zeist et al. 1975

5 Golhisar Lake 1000 m Mediterranean Interior Region Eastwood, 1997.

6 Pinarbasi Lake 980 m Mediterranean Interior Region Bottema and Woldring, 1984
7 Beysehir Lake 1120 m Mediterranean Interior Region Van Zeist et al. 1975

8 Karamik Marsh 1000 m Mediterranean Interior Region Van Zeist et al. 1975

R

§Karamik Batakhél S

Mediterranean Sea

Figure 1. Digital elevation model and selected pollen record locations in Southwest Anatolia.

3. RESULTS

3.1. Maediterranean-Mediterranean Mountain
Region

Pollen data pertaining to the Aegean Sea (Yasar,
1994), show that the early Holocene (9000 *C yr
BP) vegetation pattern was consistent with 40%
Arboreal Pollen (AP), while the dominant tree
species were Quercus (20%) and Pinus (10%)
(Figure 2).  Other species which reflect cool and
hot environmental conditions (Cedrus, Juniperus
and Olea) are virtually nonexistent. Herbaceous
vegetation consisting of 40% Chenopodiaceae
(Non-Arboreal Pollen; NAP, ~ % 60) is dominant
(Figure 3). These correlations show that cold and
arid environmental conditions were moreprevailing

%X Pollen core sites

500 1000 1500 2000 2500 3000 m.

s "
0 15 30Km -

in the western part of Southwest Anatolia during
the early Holocene period than they are today.
After the 3000 vyear period within early
Holocene Age between 9000 and 6000 '*C yr BP
together with changing ambient conditions,
decreasing NAP ratios in the Aegean Sea perimeter
were substituted with 60% AP (Figure 2). The fact
that a major part of the vegetation pattern
consisted of Pinus (45%) and Quercus (15%) had
declined during this period shows that a major
climax forest cover had developed in the region.
Pollen records for the Mediterranean (Rossignol-
Strict, 1999), ~9000 **C yr BP show that AP was 60
%. The dominant species within AP were Quercus

(30%) followed by Pinus (5%) and other tree

AKU FEBID 12 (2012) 012201
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species (25%) (Figure 2). The major part of NAP
consists of species such as Chenopodiaceae (7%),
Plantago lanceolata, Cistaceae and Cichoriaceae
(Figure 3).

While Quercus values increase to 48% within AP
values which increase to 80% in 6000 BP in the
Mediterranean, Pinus (10%) is an increasing AP
value. This situation in the vegetation pattern
reveals that even during the period when human
impact was not reflected in the pollen records,
approximately 20% of the vegetation pattern on
the Mediterranean coast region consisted of an
herbaceous and brush cover.

Pollen data for Sogiut Lake in the Southwest
Anatolian mountain zone (van Zeist et al.,, 1975),
9000™C yr BP NAP ratio ~80%, the ratio of
Artemisia and Chenopodiaceae reached ~ 50%
(Figure 3). AP, on the other hand, consists of Pinus
(~7%), Quercus (6%) and Juniperus (3%). These
data show that in the early part of the early
Holocene period, the forest cover of the mountain
zone had not yet fully developed.

The AP values of 6000 *C yr BP in the vicinity of
S6glt have increased in a major way in comparison
with 9000 'C yr BP and reached 85%. The
dominant tree species during this period were
Quercus (35%), Juniperus (25%) and Pinus (20%).
On the other hand, the ratio of Artemisia and
Chenopodiaceae within the NAP was 15%. These
data show that at the end of the early Holocene
period, the vegetation pattern of the region
consisted mostly of a forest cover and climate
changes had occurred which had resulted in a
major increase in precipitation values.

The pollen data for Avlan Lake (Bottema and
Woldring, 1984); within ~9000"C yr BP 70% AP was
mainly represented by Cedrus (37%) and Pinus 30%
which had the highest ratios (Figure 2). Also, even
though the representation was at minimal level
during this time period, Quercus (1%) and Juniperus
(1%) were among the observed species. The NAP
ratio which was 30 % included Artemisia and
Chenopodiaceae at a rate of ~7% (Figure 3).

AP existence was observed at the high ratio of
6000 C yr BP 85%. During this period, the
dominant species within the AP was Pinus (65%)
followed by Cedrus (25%) and Quercus (2%).
Chenopodiaceae (4%) and Artemisia (1%) formed a
major part of NAP. This situation in the vegetation
pattern with a ~6000 **C yr BP value for the region
in general, shows that the climate conditions were
similar to the current Mediterranean climate.

3.2. Mediterranean Interior Region

Golhisar Lake in the
Mediterranean interior vegetation area, within an
AP of (Eastwood, 1997) ~9000 **C yr BP 50%, Pinus
with a ratio of 40% had the major share. In
addition, Quercus (8%) and Juniperus (2%) were
among other species observed within this time
interval (Figure 4). The NAP ratio which was 40 %
ratio of Artemisia and

Pollen data for

included a minimal
Chenopodiaceae, while species such as Poaceae,
Lactuceae had a more prolific ratio (Figure 5).

The ratio of AP for the Golhisar pollen data,
~6000 *C yr BP, went as high as 90%. With 65 %
Pinus had the largest share within the AP, while
Quercus (20%), Cedrus (3%) and Juniperus (% 2)
were among other observed species. During this
period, Artemisia together with Chenopodiaceae,
Cerealia, Gramineae, Lactuceae were among
observed species within the NAP species. Similarly
to the other locations, ~6000 **C yr BP reveals that
the temperature and humidity conditions of this
vegetation area were suitable values for forest
vegetation.

Pinarbasi, which is another location in the
Mediterranean interior area, (Bottema and
Woldring, 1984) within a 60 % AP value of ~9000
4C yr BP and a ratio of 50% of Pinus and 5% Cedrus
ratio had a similar vegetation pattern to the one in
Golhisar (Figure 4). Artemisia and Chenopodiaceae
part of the 40 % NAP.

formed a major

AKU FEBID 12 (2012) 012201
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Figure 2. The vegetation pattern distribution of the Mediterranean and Mediterranean mountain vegetation zones

9000 and 6000 *“C yr BP in Southwest Anatolia.

The AP values for Pinarbasi, ~6000 **C yr BP
increased in a major rate and reached 95%. During
this period, the dominant tree species was Pinus
(80%) followed by Cedrus (13%). On the other
hand, Artemisia and Chenopodiaceae were species
observed within the receding NAP. The pollen data
for both locations situated in the Mediterranean
interior area show that the climate conditions in
the region had reached optimum level.

The pollen data for Karamik Marsh (van Zeist et
al., 1975), 9000 **C yr BP, show that 55% of the
surrounding vegetation consisted of NAP and that
the ratios of Artemisia and Chenopodiaceae were
around 20% (Figure 4). During this period the AP
ratio was 45% while the dominant species were
Pinus (20%), Cedrus (20%), and Quercus (3%). This
distribution of the vegetation pattern shows that
cold and semi-arid conditions prevailed during
early Holocene environment.

A major increase occurred in Karamik between
9000-6000 **C yr BP the ratios and AP reaching
95%. The dominant tree species within the
vegetation pattern were Cedrus with 60 %, while

the Pinus ratio reached to 25 % (Figure 4). In
addition, Abies and Betula were among other
species to be found in the environment (van Zeist
et al., 1975). The increase of AP ratios in a similar
way in other locations in Southwest Anatolia is a
reflection of the climatic improvements. During this
period, the NAP ratio decreased to 5%. This change
in the vegetation cover shows that the cold semi-
arid conditions had been replaced by cool-humid
conditions at around 6000 *C yr BP.

The pollen data for Beysehir Lake, which is
another location in the interior region of Southwest
Anatolia (van Zeist et al., 1975) consists of 25% AP
values for 9000 *C yr BP '*C and Pinus ( 10%)
Cedrus ( 8% ) and Quercus (5% ) (Figure 4). The
dominant species within the 75% NAP consist of
Artemisia, Chenopodiaceae, Polygonum,
Gramineae and Matricari.

AP values at ~6000 *C yr BP increased in a
major way and reached 80%. The highest ratio
within the AP consisted of Pinus (50 %) followed by
(30%). The
Chenopodiaceae in the vegetation pattern receded

Cedrus ratios of Artemisia and

in line with the decrease of the NAP ratio.

AKU FEBID 12 (2012) 012201
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Figure 3. The pollen diagrams of the Mediterranean and Mediterranean mountain vegetation zones 9000 to 6000 e

yr BP in Southwest Anatolia.
4. DISCUSSION
4.1. 10000 to 7000 **C yr BP

Some pollen records (S6gut, Beysehir and
Karamik) pertaining to the period 11000-10000 **C
yr BP was characterized by cold and arid climate
conditions of the Younger Dryas period, and have
been discovered (van Zeist et al., 1975; Bottema,
1995). During this period the forest areas had not
only prolapsed further south but had been
confined to refuge areas. The pollen data
pertaining to Southwest Anatolia reveal that
during the Younger Drayas period the AP ratio had
formed only 10% of the total pollen ratio and the
vegetation pattern

remaining consisted of

AKU FEBID 12 (2012) 012201

herbaceous plants which reflected the arid and
cold climate conditions (van Zeist et al., 1975;
Bottema, 1995).

When the Younger Dryas period (~10000 “C yr
BP) ended abruptly, major changes occurred in the
climate of the Mediterranean Watershed. The
climate of the region from cold and arid conditions
into warm and humid climate conditions in an
interval of less than a thousand years (Peyron et
al., 1998; Robinson et al., 2006; Eastwood et al.,
2007). 2The summer temperatures in present day
Southwest Anatolia ensued at the same time in
the Mediterranean Watershed, Europe and many
parts of the world during the first 1000 year period
of the Holocene (Yasar, 1994; Rossignol-Strict,
1995;Kallel et al., 2004; Magri et al., 2004).
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Figure 4. The vegetation pattern distribution of the Mediterranean and Mediterranean mountain vegetation zones

9000 and 6000 **C yr BP in Southwest Anatolia.

The other proxy data with pollen records (Bar-
Matthews et al., 1997; Rossignol-Strick, 1999;
Emeis et al., 2000; Robinson et al., 2006; Eastwood
et al., 2007; Roberts et al, 2008)
environmental conditions of Southwest Anatolia of

indicate

early Holocene period. One of them is made by
Eastwood et al.,, (2007). This study focuses on
environmental conditions of southwest Anatolia;
low (depleted) isotope values which are derived
from Golhisar indicate that climate conditions of
earliest Holocene (10000-8200 “C yr BP), were
drier conditions than at present. During the early to
(8200-5000 'C yr
conditions  with arid

mid-Holocene BP) more

humidity and humid
oscillations in isotop values have been determined.
Roberts et al. (2008) has obtained that the
humidity in early Holocene was more than present
by modeling stable isotope data from the lakes in
Mediterranean. Highest moisture and mildest
winters in early Holocene have been determined by
using sapropels records in Mediterranean near the
cost of Southwest Anatolia (Rossignol-Strick, 1999).

Emeis et al.,, (2000) determined that average sea

surface temperatures (SSTs) increased between 3
and 6 °C in early Holocene (9500 and 6600 *C yr
BP) with respect to former period. In addition, they
have determined that SSTs were lower as 2 and 3
°C with respect to the present.

As is the case for overall Southwest Anatolia,
the vegetation and climatic conditions were not
uniform in the early Holocene either. During this
period climatic factors had a much stronger impact
on the proliferation of plant species than other
control mechanisms. For this reason during the
first 1000-2000 years of the Holocene period, the
expansion of the forest vegetation adapted itself
to the climate. During the climatic change period
both plant species increased and the vegetation
structure expanded. Tree species expanded from
refugial areas and occupied a larger share of the
The changes that have
occurred in line with this period had been on a

vegetation pattern.
species basis and pioneered the establishment of a
forest vegetation cover inclusive of Pinus, Cedrus,
Juniperus and Quercus.

AKU FEBID 12 (2012) 012201
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Figure 5. The pollen diagrams of the Mediterranean interior vegetation zones 9000 to 6000 “C yr BP in Southwest

Anatolia.

Since the physiographical barriers in Southwest
Anatolia prevented the free movement of forests,
the emergence of individual species was not
dependent only upon the migration rate, it also
had an impact on their renewed progress in their
inception positions. As a result, the early Holocene
period was characterized by the success in
expanding of individual plant species rather than
migrations and adaptation of all vegetation
formations; from the species point of view, a more
complicated environment than envisaged had
existed.

The presence of an AP entity formed by species
totaling approximately 40-60% which characterize
the cool and humid environment of Southwest
Anatolia in 9000 *C yr BP, shows that the
development of a forest cover had begun. The

point of interest here is that the increase in AP

humidity amount was paralleled by a proportional
increase. During the early Holocene period AP
revealed a different development especially in the
central and eastern parts of Turkey; it took 3000
years to reach maximum values (Landmann et al.,
1996; Woldring, 2001). For this reason, from the
flora development point of view in the early
Holocene period, the difference is the response of
the vegetation pattern of Southwest Anatolia to
the climate change without delay.

4.2. 7000 to 6000 **Cyr BP

At large, the climate conditions 6000 years ago
in the world are assumed to be the same as they
are today (Wanner et al., 2008; Prentice et al.,
2000; Gachet et al.,, 2003). On the other hand,
climatic stability did not exist in different parts of

AKU FEBID 12 (2012) 012201
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the world during the Holocene period; different
proxy data determined the Holocene sub-periods
to be either cooler and more humid or warmer and
more arid (Eastwood et al., 2007; Roberts et al.,
2008). The vegetation pattern starting from 9000
€ yr BP in Southwest Anatolia in general reached
a far more different structure after the 3000 year
period. With the pollen diagrams AP values of 6000
e yr BP revealed a remarkable increase; this
change was characterized by the invasion of trees
concept.

The climatic conditions of Southwest Anatolia
around 6000 'C yr BP bear a resemblance with
today’s
conditions on the Aegean Sea and Mediterranean

conditions. During this period the
coasts were humid/semi-humid and hot. On the
hand,

Mediterranean

other more interior region of the

semi-humid climate conditions
prevailed. Under these climate conditions AP
species became dominant within the vegetation
pattern.

The palaeo-climate reconstructions are
supported by pollen data pertaining to around
6000 'C yr BP of Southwest Anatolia which reflect
the increase of species under humid/semi-humid
and hot climate conditions (COHMAP Members,
1988; Cheddadi et al., 1997; Prentice and Webb,
1998; Davis et al.,, 2003). In addition, changes in
atmospheric  circulation

during  early-middle

Holocene period did not bring increased
precipitation to any of the mid latitude countries;
these areas remaining outside the subtropical
region appeared to be more arid than they are
today (COHMAP Members, 1988). Because the
renewed progress of forest area vegetation in the
other regions of Anatolia started later than in

Southwest Anatolia, the development of climax

forest vegetation was also completed later
(Roberts and Wright, 1993).
5. Conclusion

Although interglacial conditions abruptly

appeared 10000 'C yr BP it would be a mistake to

assume that the early Holocene climate,

ecosystem, and land features were no different

than they are today. It has been shown by pollen
data that during the early Holocene, the vegetation
cover and climate conditions of Southwest Anatolia
were not uniform enough to warrant
generalizations. The main reason for this is that
although the distances may be short between the
different regions/areas of Southwest Anatolia, the
differences are still quite remarkable.

At ~9000 C yr BP in Southwest Anatolia,
especially in interior areas, there is minimal forest
covers which characterize cold climates. Similarly, a
50-60% forest ratio

determined in coastal areas with cool climates.

in total vegetation was
During this period cold/arid climate conditions
observed throughout Anatolia had also been
partially influential in Southwest Anatolia and
these climate conditions were accompanied by a
vegetation cover in which NAP species were
dominant.

During the final part of early Holocene, the
vegetation pattern and climate conditions of
Southwest Anatolia presented a more variable
profile in comparison to other regions.
Additionally, around 6000 **C yr BP, pollen data
from a large section of Southwest Anatolia show
that a sudden increase in the AP ratio, which is
reflected by humid/semi-humid and partly hot

climate conditions took place while a
corresponding major decrease in NAP was
observed. Especially at locations where the

Mediterranean climate conditions are influential,
the AP ratios have started to become dominated by
species which are characterized by hot and humid
the other hand,
Mediterranean regions have been covered by semi-

environments. On interior

humid forest vegetation. Semi-humid forests
sometimes consist of conifers and sometimes of
deciduous trees. It is plausible to state that during
the final part of the early Holocene period most of
Southwest Anatolia had suitable climate conditions
for forest vegetation.

The results achieved through this study deny
the presumption that a majority of the early
Holocene Southwest Anatolian vegetation cover
consisted of steppe and desert-like steppes. The
distinctive changes in the regional vegetation

AKU FEBID 12 (2012) 012201
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pattern for early Holocene show that this was
realized concurrently with climate change.

Acknowledgement

Cetin Senkul thanks to the TUBITAK for its grant (The
Scientific and Technological Research Council of Turkey;
2214-International
Programme)

Doctoral Research  Fellowship

References

Allen, J.R.M., Hickler, T., Singarayer, J.S., Sykes, M.T.,
Valdes P.J, Huntley B., 2010. Last glacial vegetation
of northern Eurasia. Quaternary Science Reviews 29,
2604-2618.

Bar-Matthews, M., Ayalon, A., 1997. Late Quaternary
palaeoclimate in the Eastern Mediterranean region
from stable isotope analysis of speleothems at Soreq
Cave, Israel. Quaternary Research 47, 155-168.

Bottema, S., Woldring, H., 1984. Late Quaternary
vegetation and climate of southwestern Turkey.
Paleohistoria 26, 123-149.

Bottema, S., 1995. The Younger Dryas In The Eastern
Mediterranean. Quaternary Science Review 14, 883-
884.

Brewer, S., Cheddadi, R., Beaulieu, J.L., Reille, M., Data
contributors, 2002. The spread of deciduous
Quercus throughout Europe since the last glacial
period. Forest Ecology and Management 156, 27-48.

Cheddadi, R., Yu, G., Guiot, J., Harrison, S.P., Prentice,
I.C., 1997. The climate of Europe 6000 years ago.
Climate Dynamics 13, 1-9.

Cheddadi, R., Guiot, J.,, Jolly, D., 2001. The
Mediterranean vegetation: what if the atmospheric
CO2 increased? Landscape Ecology 16, 667-675.

Cheddadi, R., Vendramin, G.G., Litt, T., Frangois, L.,
Kageyama, M., Lorentz, S., Laurent, J.M., Beaulieu,
J.L., Sadori, L., Jost, A., Lunt, D., 2006. Imprints of
glacial refugia in the modern genetic diversity of
Pinus sylvestris. Global Ecology and Biogeography
15,271-282.

COHMAP Members, 1988. Climatic Changes of the Last
18,000 Years: Observations and Model Simulations.
Science 241, 1043-1052.

Cramer, W., 2002. Biome models. in The Earth System:
Biological and Ecological Dimensions of Global
Environmental Change. In: Mooney, H., Canadell, J.
(Eds.), Encyclopaedia of Global Environmental
Change, Wiley International: Chichester.

Davis, B., Brewer, S., Stevensona, A.C., Guiot, J., Data
Contributors, 2003. The temperature of Europe
during the Holocene reconstructed from pollen data.
Quaternary Science Reviews 22, 1701-1716.

De Noblet, N., Claussen, M., Prentice, I.C., 1996.
Possible role of atmosphere-biosphere interactions
in triggering the last glaciations. GRL 23, 3191-3194.

Eastwood, W.J., 1997. The Palaeoecological Record of
Holocene Environmental Change in Southwest
Turkey. PhD thesis, University of Wales, 303 pp.

Eastwood, W.J., Leng, M.J., Roberts, N., Davis, B., 2007.
Holocene climate change in the eastern
Mediterranean region: a comparison of stable
isotope and pollen data from Lake Golhisar,
southwest Turkey. Journal of Quaternary Science
22(4), 327-341

Emeis, K.C., Struck, U., Schulz, H.M., Rosenberg, R.,
Bernasconi, S., Erlenkeuser, H., Sakamoto, T,
Martinez-Ruiz, F., 2000. Temperature and salinity
variations of Mediterranean Sea surface waters over
the last 16,000 years from records of planktonic
stable oxygen isotopes and alkenone unsaturation
ratios. Palaeogeography, Palaeoclimatology,
Palaeoecology 158, 259-280.

Gachet, S., Brewer, S., Cheddadi, R., Davis, B., Gritti, E.,
Guiot, J., 2003. A probabilistic approach to the use
of pollen indicators for plant attributes and biomes:
an application to European vegetation at 0 and 6 ka.
Global Ecology & Biogeography 12, 103-118.

Gunal, N., 1997. Tirkiye’de baslica agag¢ tirlerinin
cografi vyayilislari, ekolojik ve floristik ozellikleri.
Cantay Kitapevi, istanbul.

Haxeltine, A., Prentice, I.C.,, Creswell, 1.D., 1996. A
Coupled Carbon and Water Flux Model to Predict
Vegetation Structure. Journal of Vegetation Science
7, 651-666.

Kallel, N., Duplessy, J.C., Labeyrie, L., Fontugne, M.,
Paterne, M., 2004. Mediterranean Sea
Palaeohydrology and Pluvial Periods During The Late
Quaternary. In: Battarbee, R.W., Gasse, F., Stickley,
C.E. (Eds.), Past Climate Variability through Europe
and Africa, Springer, Dordrecht, The Netherlands.

Kotthoff, U., Pross, J., Miller, UC., Peyron, O., Schmiedl,
G., Schulz, H., Bordon, A., 2008. Climate dynamics in
the borderlands of the Aegean Sea during formation
of Sapropel S1 deduced from a marine pollen record.
Quaternary Science Reviews 27, 832-845.

Kutzbach, J.E., Gallimore, R., Harrison, S.P., Behling, P.,
Selin, R., Laarif, F., 1998. Climate and biome
simulations for the past 21,000 years. Quaternary
Science Reviews 17, 473-506.

Landmann, G., Reimer, A., Lemcke, G., Kempe, S., 1996.
Dating Late Glacial abrupt climate changes in the
14,750 yr long continuous record of Lake Van,

Turkey. Palaeogeography, Palaeoclimatology,
Palaeoecology 122, 107-118.
Magri, D., Kallel, N., Narcisi, B., 2004.

Palaeoenvironment Changes In The Mediterranean
Region 250-10 Kyr Bp. In: Battarbee, R.W., Gasse, F.,
Stickley, C.E. (Eds.), Past Climate Variability through
Europe and Africa, Springer, Dordrecht, The
Netherlands.

Médail, F., Diadema, K., 2009. Glacial refugia influence
plant diversity patterns in the Mediterranean Basin.
Journal of Biogeography 36, 1333—1345.

AKU FEBID 12 (2012) 012201

10



Vegetation Cover and Climatic Conditions of Southwest Anatolia according to the Pollen Records during Early to Mid-Holocene,

Senkul vd.
Moslimany, A.P., 1990. Ecological significance of
common nonarboreal pollen: examples from

drylands of the Middle East. Review of Palaeobotany
and Palynology, 64, 343-350.

Olson, J.S., Watts, J.A,, Allison, L.J., 1983. Carbon in live
vegetation of Major world ecosystems, ORNL-5862.
Oak Ridge National Laboratory: Oak Ridge.

Otto, D., Rasse, D., Kaplan, J., Warnant, P., Francois, L.,
2002. Biospheric carbon stocks reconstructed at the
Last Glacial Maximum: comparison between general
circulation models using prescribed and computed
sea surface temperatures. Global Planet Change, 33,
117-138.

Peyron, 0., Guiot, J., Cheddadi, R., Tarasov, P., Reille, M.,
de Beaulieu, J.L.,, Bottema, S., Andrieu, V., 1998.
Climatic reconstruction in Europe for 18 000 Yr bp
from pollen data. Quaternary Research, 49, 183-196.

Prentice, 1.C., Guiot, J.,, Harrison, S.P., 1992.
Mediterranean  vegetation, lake levels and
paleoclimate at the Last Glacial Maximum. Nature,
360, 658-660.

Prentice, I.C., Sykes, M.T., 1995. Vegetation geography
and carbon storage changes. In: Woodwell, G.M.,
Mackenzie, F.T. (Eds.), Biotic feedbacks in the global
climatic system: will the warming feed the warming?
Oxford University Press: New York, 304-312.

Prentice, I.C., Guiot, J., Huntley, B., Jolly, D., Cheddadi,
R., 1996. Reconstructing biomes from
palaeoecological data: a general method and its
application to European pollen data at 0 and 6 ka.
Climate Dynamics, 12, 185-194.

Prentice 1.C., Webb, T Ill., BIOME 6000. 1998.
Reconstructing Global Mid-Holocene Vegetation
Patterns from Palaeoecological Records. Journal of
Biogeography, 25, 997-1005.

Prentice, I.C., Jolly, D., BIOME 6000 Participants, 2000.
Mid-Holocene and glacial-maximum vegetation
geography of the northern continents and Africa.
Journal of Biogeography, 27, 507-519.

Roberts, N., Wright, H.E., 1993. Vegetational, lake level
and climatic history of the Near East and
Southwestern Asia. In: Wright, H.E., Kutzbach, J.E.,
Webb, 1l T.,, Ruddiman, W.F., Street-Perrot, F.A.,
Bartlein, P.J. (Eds.), Global climates since the Last
Glacial Maximum, University of Minnesota Press:
Minneapolis, 53-67.

Roberts, N., 2002. The Holocene: an environmental
history. Blackwell, Oxford. 2nd edition.

Roberts, N., Jones, M.D., Benkaddour, A., Eastwood,
W.J., Filippi, M.L., Frogley, M.R., Lamb, H.F., Leng,
M.J., Reed, J.M., Stein, M., Stevens, L., Valero-
Garcés, B., Zanchettam, G., 2008. Stable isotope
records of Late Quaternary climate and hydrology
from Mediterranean lakes: the ISOMED synthesis.
Quaternary Science Reviews, 27, 2426-2441.

Robinson, S.A., Black, S., Sellwood, B.W., Valdes, P.J.,
2006. A review of palaeoclimates and
palaeoenvironments in the Levant and Eastern

Mediterranean from 25,000 to 5000 years BP: setting
the environmental background for the evolution of
human civilization. Quaternary Science Reviews, 25,
1517-1541.

Rossignol-Strict, M., 1993. Late Quaternary climates in
the eastern Mediterranean region. Paleorient, 18,
611-630.

Rossignol-Strict, M., 1995. Sea-Land correlation of pollen
records in the eastem Mediterranean for the Glacial-
Interglacial  transition:  biostratigraphy  versus
radiometric time scale, Quaternary Science Review,
14, 893-914.

Rossignol-Strict, M., 1999. The Holocene climatic
optimum and pollen record of Sappropel 1 in the
Eastern Mediterranean , 9000-6000 BP. Quaternary
Science Reviews, 18, 515-530.

Singh, G., Chopra, S., Singh, B., 1973. Pollen-rain from
the vegetation of northwest India. New Phytol, 72,
19-206.

Sitch, S., Smith, B., Prentice, I.C., Arneth, A., Bondeau,
A., Cramer, W., Kaplan, O, Levis, S., Lucht, W., Sykes,
M.T., Thonicke, K., Venevsky, S., 2003. Evaluation of
ecosystem dynamics, plant geography and terrestrial
carbon cycling in the LPJ dynamic global vegetation
model. Global-Change Biology, 9, 161-185.

Taberlet, P., Cheddadi, R., 2002. Quaternary Refugia and
Persistence of Biodiversity. Science, 297, 2009-2010.

Turvey, S.T., 2009. Holocene Extinctions, Oxford
University Pres, London.

van Zeist, W., Woldring, H., Stapert, D., 1975. Late
Quaternary vegetation and climate of the
southwestern Turkey. Paleohistoria, 17, 53-143.

Yasar, D., 1994. Late glacial-holocene evolution, PhD
thesis, Dokuz Eyliil Universitesi.

Wanner, H., Beer, J., Bitikofer, J., Crowley, T.J., Cubasch,
U., Fluckiger, J., Goosse, H., Grosjean, M., Joos, F.,
Kaplan, J.0., Kattel, M., Midler, S., Prentice, I.C.,
Solomina, O., Stocker, T.F., Tarasov, P., Wagner, M.,
Widmann, M., 2008. Mid-to late Holocene climate
change: an overview. Quaternary Science Reviews,
127, 1791-1828.

Woldring, H., 2001. Climate change and the onset of
sedentism in Cappadocia. In: Gerard, F., Thissen, L.
(Eds.), The Neolitic of Central Anatolia, British Instite
of Archaelogy at Ankara.

AKU FEBID 12 (2012) 012201

11



