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Late quatemary vegetation and climate of sou.thwestem Tu.rkey 

l .  INTRODUCTION 

In t his paper the results will be discussed of the 
palynological examination of surface samples and 
sediments cores from southwestern Turkey. This 
investigation forms part of a larger project com
prising the study of Late Quaternary vegetation 
and climate in the Near East. So far, within the 
scope of this project, surface-sample spectra and 
pollen diagrams prepared for sediment cores from 
western Iran, southeastern Turkey and northwes
tern Syria have been published (Niklewski & Van 
Zeis t 1 970, Wright et al. 1 967,  Van Zeist 1 967,  
Van Zeist et al .  ( 1 968)  1 970, Van Zeist & Wright 
l 96 3) .  Other Late Quaternary pollen diagram si tes 
in the Near East are shown in fig. r .

One of the aims of the project mentioned above 
cons ists of the reconstruction of the environment 
of p rehistoric man in the Late Quaternary which 
includes the last glacial period and the Postglacial. 
As a matter of faet, the impetus for this study 
came from the archaeologists, in particular from 
Professor Robert ]. Braidwood and co-workers . 
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The great ernphasis which is presently laid on the 
environrnent in the study of prehistoric man 
reguires a satisfactory knowledge of the vegetation 
in earlier times. Moreover i t  may be remembered 
that in Late Quaternary times, more precisely in  
the per iod around l o,ooo years ago, a very im
portan t development took place in the Near East. 
It was during that period that food production, i .e .  
animal breeding and plant growing, started. The 
guestion has been raised as to how far changes in 
climate and vegetation have stimulated the evolu
tion of food production. 

In connection with the above we considered 
including in this paper a survey of prehistoric and 

Fig. 1 .  Map of rhe Near Easr showing rhe locarion of Lare 
Quarernary pollen-diagram sires. M i rabad and Zeriba r :  
V a n  Zeisr ( 1 967) ; Bozova a n d  Golba�i : Van Zeisr et al.  
( (  1 968)  i 970) ; Surmene-Agas:ba�i : A ytug et al. ( 1 97 3 ) ;  
Yenis:aga a n d  Abant : Beug ( 1 967b) ; Ghab : Niklewski & 
Van Zeisr ( 1 970) ; Sahl-Aad rn :  Kaiser et al. ( 1 973 ) ; Huleh 
and Kinnercr : Horowirz ( 1 97 1 ) . The sires i n  sourhwesrern 
Tmkey wi l l  be discussed in rhis paper (chaprer 7) .  
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early historie man in southwestern Turkey during 
the last 20,000 years, which time span is covered 
by the pollen d iagrams to be discussed in chapter 
7. This was to provide a basis for establishing pos
sible relationships between habitation pattern and 
vegetation and cl imate in earlier times. In par
ticular where the activity of man finds expres
sion in the pollen record one would very much l ike 
to know which archaeological culture is involved. 
However, the drawing up of such a survey would 
have delayed the publication of the palynological 
results quite considerably. For that reason this 
plan was given up. 

The field work was carried out by W. van Zeist 
and D. Stapert in May and June 1 970.  H. Wol
dring performed the analyses published in this 
paper. 

This investigation and its publ ication would not 
have been possible without the cooperation of 
various people. Dr. S .  Alpan, Director-General 
of the Maden Tetkik ve Arama Enstiti.isi.i (M.T.A.) 
at Ankara, kindly gave permission for the coring 
expedition. Dr. Alpan and Dr. Ali Dramali ,  v ice 
Director-General of the M. T.A" provided all 
possible facilities for the field work. 

Mr. $evket $en joined the expedition as the 
representative of the M.T.A. He acted as inter
preter and he paved the way with the local and 
regional authorities. In addition, he took a sub
stantial part in the hard work of the coring. 

Professor Halet . <;:ambe! ( Istanbul) made great 
efforts to get the expedition started . It was thanks 
to her perseverance tha t the initial difficulties 
could be smoothed away. 

Professor Robert ] .  Braidwood (Chicago) not 
only encouraged the present study, but he provided 
also a financial basis for the coring expedition 
by incorporating it in  the Research project "Con
tinued Investigations of the Late Prehistory and 
Palaeoenvironments of Southwestern Asia". 

The radiocarbon determinations were carried 
out under the d irection of Dr. W. G. Mook. Dr. 
S .  Bottema rendered assistance in  identifying pollen 
types and he critical ly read the manuscript. Profes
sor P. H. Davis (Edinburgh) provided information 
on the d istribution of some plant species in Turkey. 

Mr. W. ] .  Dijkema and Mr. H. R. Roelink 
prepared the drawings, and Miss A. Oostwouder 
typed the manuscript. The English text was im-

proved by Mr. C. van der Meulen and Mrs. B. M .  
van der Meulen-Melrose (Roden) . 

The field work was made possible through 
financial support from the National Science Foun
dation (grant GS 3 0 3 6 5  to Professor Braidwood) 
and from the Netherlands Organization for the 
Advancement of Pure Research (grant R 8 5 -29) .  

To all who cooperated in  this study and in the 
preparation of the publication the authors wish to 
express their sincere gratitude. 

2. THE GEOLOGY

2 . I .  THE WESTERN TA U RUS 

2 .  l .  l .  INTRODUCTION

The sediment cores, the palynological examination 
of which wil l  be discussed in this paper, originate 
from the Western Taurus Mountains (fig. 1 0) .  The 
Taurus forms part of the Alpine mountain belt 
which, in broad outline, is composed of two more 
or Jess parallel mountain ranges (see Holmes 
1 966, fig. 1 0 5 ) .  Where these two ranges d iverge, 
large basins or plateaus are found, such as the 
Aegean basin and the Anatolian plateau. To the 
north of the Anatolian plateau, the North Ana
tolian Mountains and the Zigana Mountains are 
situated ; to the south, the Taurus Mountains. 

Louis ( 1 9 39) divided the Taurus into Eastern, 
Middle and Western Taurus. His Western Taurus 
does not comprise the same mountains as the 
"Westlicher Tauros" of Phil l ipson ( r 9 l 8)  or the 
"Taurus Occidental" of Blumenthal ( 1 947) .  Fol
iowing Brunn et al. ( r 97 l ) ,  in  this paper the term 
Western Taurus is used for the mountains between 
Anamur in the east and Mugla in the west. 

Like the Alpine bel t as a whole, individual 
mountain ranges also consist of wide and narrow 
parts. Especially in the broader parts intramontane 
basins are present. Lakes have formed in basins 
with insufficient drainage. 

2 . I . 2 .  STRUCTURE OF THE WESTERN TAURIDS

The Western Taurids form an impressive mountain 
mass with several peaks above 3 ,000 m. This 
mountain range is characterized by the faet that, in 
the western part, the strikes of the individual 
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chains are not parallel to the mountain range as 
a whole, but approximately perpendicular to it .  
To the east of the l ine Antalya-Isparta, NW-SE 
strikes, parallel to the mountain range as a whole, 
are predominant. On the other hand, in the Lycian 
Taurus, NE-SW directions are found. This phe
nomenon has to do with a complicated orogenic 
structure in this area, which has been termed the 
"Courbure d'Isparta". The presence of important 
nappe systems (overthrusted folds) is related to 
this orogenic structure (Brunn et al. l 97 l ) ;  the 
foliowing information is taken mainly from this 
publ ication. 

The Western Taurids can be divided into two 
l imbs which form an angle near Isparta, where 
they come together in the Pisidian Taurus. The 
western l imb is formed by the Lycian Taurus, the 
eastern by the mountain range that was formerly 
called the "Taurus Occidental" (E of Antalya). 
The "Courbure d'Isparta" must have originated 
during the initial stages of Alpine orogenesis, and 
was accentuated by later formations of extensive 
nappe structures. 

The Lycian nappes are an important group of 
nappes, and can be d ivided into a western part (in 
the neighbourhood of Koys:egiz) and an eastern 
one. The eastern edge of the Lycian nappes extends 
from Elmali to Isparta . In the Lycian Taurus, nap
pe formation took place in two or even more stages. 
A second complex is  formed by the Antalya nappes, 
stretching from Finike to Egridir .  Between the Ly
cian and Antalya nappes i s  situated the autochtho
nous chain of the Bey Daglari, also with NE-SW 
strikes. A third group of nappes in the region are 
the Hoyran-Benehir nappes, extending as a narrow 
strip from Akseki in the SE to Hoyran in the NW. 
Between these nappes and the Antalya nappes 
another autochthonous mountain chain is present, 
which includes the Anamas Daglari, with NW-SE 
strikes. The large plain of Antalya, with thick 
accumulations of Tertiairy and Quaternary sedi
ments, is  located between the two limbs of the 
"Courbure d' Isparta'' . The overthrusting took pla
ce mainly during Eocene and Miocene times. 

The autochthonous rocks in the region consist 
chiefly of Mesozoic and Early Tertiairy l imestone; 
they are taken together as the "Comprehensive 
Series".  The autochthonous series terrninates in 
Eocene nurnmul itic flysch, which also took part in 

the overthrusting. Along the west flanks of the Bey 
Daglari, the youngest autochthonous rocks are 
Lower Miocene marine sediments. The allochtho
nous rocks, which make up the nappes, also con
sist predominantly of l imestone. In the western 
Lycian nappes ultrabasic rocks were involved in 
the last stage of the overthrusting. 

The deviating NE-SW strikes in the Lycian 
Taurus are of importance for the precipitation in 
that area, since rain is carried by S and SW winds 
from the Mediterranean. 

2 . 1 . 3 .  THE LAKES

In the interior of Anatolia, a large area, extending 
from Gediz to Kayseri, i s  without drainage to the 
sea. In the Lycian Taurus the border of it is jn 
some places only 3 5 km away from the sea (Ste
phan 1 929). This area with interior drainage 
contains many lakes, particularly in its southern 
part. Most of these lakes are rather shallow (Phi
l ippson, 1 9 1 8) .  Both fresh-water and salt-water 
lakes are present. Bey�ehir Lake, Egridir Lake, 
So gi.it Lake, Av lan Lake and Kestel Lake are 
fresh-water lakes. Sal t-water lakes are Eber Lake, 
Ak�ehir  Lake, Aci Lake and Salda Lake. Burdur 
Lake (formerly called Buldur) contains brackish 
water (Philippson l 9 l 8) .  

Stephan ( 1 929) assumes that the fresh-water 
lakes have subterranean drainage. He argues that 
near some of these lakes faults are present, and 
that some of them show fluctuating water levels. 
The latter phenomenon is also noted by Philipp
son ( 1 9 1 8) for some lakes in  the Lycian peninsula, 
which seem to dry out now and then. In this con
nection it is  perhaps significant that, according to 
Philippson ( 1 9 1 8) ,  dolines (sink-holes) and terra 
rossa are present in the l imestone mountains of 
Lycia, pointing to karst processes. 

2 . r .4 .  R I FT VALLEYS

The West Anatolian Mountains, W of the Western 
Taurus, are characterized by the presence of many 
rift valleys. These structures are presumed to be 
the result of post-Alpine epeirogenetic movements. 
The major rift valleys have an E-W direction, but 
there is also a Jess important set  of N-S faults. 
The latter seem to intersect the E-W fau!ts, and 5 7 
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should consequently b e  of more recent ongm 
(Ilhan 1 97 1 ) . As for the Western Taurus, in the 
Kors:egiz region some smal!, approximately N-S 
orientated, rift valleys are found . In the Lycian 
peninsula, at least one N-S rift valley of somewhat 
greater dimensions is present, along the Koca 
R iver (Xanthos Valley). Further, several lakes in 
this region are possibly related to these structures. 
Egridir Lake, for example, is connected with a 
small N-S orientated rift valley. 

2 . r . 5 .  EROSION 

As a resu!t of severe tree cutting and grazing, very 
extensive areas are almost completely deforested, 
and therefore suff er from extreme soil erosion. 
Dissected landscapes and badlands are the result . 
W of Korkuteli a severely deforested area has 
somewhat surprisingly been cal led "Orman Ero
zyon" (Forest of Erosion). Landsl ides and other 
features of erosion are widespread. In the land
scape the effect of the erosion on different rock 
types is  sometimes very clear. Thus, flysch and 
other easily  eroded sediments produce extremely 
dissected sceneries, while l imestone presents more 
smooth forms (figs. 2 and 3 ) .  

2 . 2 .  NEOGENE AND QUATERNARY 
SED!Jll!ENTS 

2 . 2 . I .  NEOGENE SEDIMENTS 

Neogene sediments are very common in this area. 
These layers can give a striking aspect to the 
landscape, due to the white colour. I t  is  possible 
to distinguish between marine sediments and con
tinental deposi ts. The marine layers are bound 
to the southern barders of Anatolia, while the con
tinental Neogene covers the greater part of the 
interior plateaus (fig. 4). The Neogene sediments 
generally l ie  more or Jess horizontally, and un
conformably upon older deposits. Philippson 
( l 9 l 8) d istingu ishes 3 facies : 
r .  sands, sandstones, gra vels, etc. 
2. carbonates, marls
3. vulcanic produets, like tuffs, etc.
These 3 facies can be represented in many sequen
ces and variations. 

The continental Neogene layers to the west of 

approximately Ak�ehir contain scattered plant 
remains and also l ignite. In many p laces l ignite 
is present in such amounts that exploitation is  
possible. Thus, Phil ippson ( r 9 r 8)  m entions one 
place between Afyon and C::ay, not far from Ka
ramik, where l ignite was mined near the surface. 

Brunn et al. ( 1 97 i: )  state that the Neogene 
layers in the Lycian Taurus are mainly of Pliocene 
and possibly also of early Pleistocene ages, and 
that they are overlain by a widespread l imestone 
horizon. They also mention the presence of con
tinental red beds containing bones. 

According to Bremer ( r 97 l )  the E�en rift valley 
(Koca River) is filled with l imnic sediments of 
Pliocene and later date. He also describes recent 
epeirogenetic movements in the Karian-Lycian 
region . It seems that uplifting of the region has 
taken place since Late Pliocene times, accompanied 
by step fracturing. Simultaneously the coastal area 
has subsided. 

2 .2 . 2 .  QUATERNARY SEDIMENTS 

Not much can be found in the l i terature about 
Quaternary sediments in this region. Evidence of 
glaciations will  be deal t with in 2 . 3 . r .  River ter
races are mentioned by several authors, w ithout, 
however, giving details. Terraces were also obser
ved by the present authors, for example in the 
neighbourhood of Aydin, and W of Isparta. In 
some places at least 4 terraces could be  tentatively 
traced . 

Other Quaternary sediments in the area include 
rather extensive gravelbeds, situated especially 
alongside mountain chains. These gravelbeds occur 
chiefly in the transition zone between the Taurus 
and the interior plateau (Phil ippson 1 9 1 8 ) .  They 
are often mixed with soil and do not show a clear 
stratification. These beds are sometimes affected 
by tectonic deformations, and most!y d issected by 
rivers. Their surface is generally rather flat, con
trary to that of alluvial cones. Some authors ex
plain their origin by postu!ating "pluvial" (cf. 
2 . 3 . 3 . ) slope erosion . 

Fig. 2. Landscape near Sarakoy. 

Fig. 3. Dissectcd landscape cast of Sogi.it Golii (Orman 
Erozyon). To the right : l imestone ; ro the lefr : flysch. 
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Further, alluvial cones and fans, deltas, slope 
debris, etc. occur. Phil ippson ( r 9 r 8) reports the 
probable occurrence of loess in  the Lycian Taurus. 
Finally, the vast travertine beds in the Antalya 
basin should be mentioned here. Travertine is also 
present in smaller areas elsewhere, e.g. E of 
Denizli . 

2 . 3 .  OTHER GEOLOG/CAL INFORMATION 

2 . 3 . r .  GLACIATION$ AND SNOWLINE DEPRESSIONS 

Many articles have been written about snowline 
depressions during the last Glacial. I t  is  of interest 
to summarize here some results of research in this 
field ,  because the pollen d iagrams from the Near 
East provide evidence mainly of changes in pre
cipitation, but hardly any of changes in tempera
ture. An important publication on the subject, 
covering the whole of the Mediterranean area, 
is the one by Messerli ( 1 967).  The foliowing infor
mation is taken from it .  

In the Western Taurus, several mountains car-

Fig. 4. Disrriburion of Neogene deposirs in sourhwcsrern 
Turkey. Afrer Brown & Jones 1 97 1 ,  fig. 2 .  

ried glaciers during the last Glacial : Sandras Dag, 
Honaz Dag, Ak Dag, Bey Dag, Davras Dag, 
Barla Dag, Bozburum Dag and Dedogol Dag. 
The glacial snowl ines vary between 2 , 300-2,400 
m ( ?) (Sandras Dag) to 2,6 50 m (Bey Dag). The 
modem snowlines on these mountains are d ifficu!t 
to ascertain, since there are no glaciers at  present. 
They can be roughly estimated by assuming that 
the d ifference in altitude between the modem 
snowline and the upper tree limit is about the same 
as on some mountains to the east, where this figure 
could be established : on Ers:iyas Dag and on Bol
kardag the d ifference is about r , 500 m.  For two 
mountains in  the Western Taurus the upper tree 
limit is known with some certainty : Ak Dag -
2,000 m and Bey Dag - 2 , 1 00 m. These figures 
suggest hypothetical modern snowlines at 3 , 5 00 
and 3 ,600 m respectively. Comparison with their 
glacial snowl ines, at 2 , 5 00-2 , 5  50 m and 2 ,6 5 0  m 
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respectively, indicates a snowline depression of at 
least 1 ,000 m. The next (difficult) step is, to trans
late this figure into a decrease in temperature. 
Messerli is of the opinion that for the eastern 
Mediterranean area, a lapse rate of o .6 5 °C/ioo m 
is a reasonable estimate. This would give a decrease 
in temperature of about 6-7°C during the coldest
period of the last Glacial. 

'Messerli suggests that the first half of the last 
Glacial must have been relatively moist compared 
with the second half. Particularly in the later 
stages of the last Glacial an extremely asymmetrical 
glacier pattern, with hardly any ice on south
facing slopes, was probably present, suggesting 
rather dry conditions. 

During the last Glacial, the snowline depression 
decreased from N to S and from W to E. In the 
western Mediterranean area the snowline depres
sion would have been about 1 ,200-1 ,400 m, 111 

the eastern area 1 ,ooo- r  ,200 m.  

2 .  3 . 2 .  DEEP-SEA CO RES 

The study of Foraminifera and oxygen isotope 
analysis of deep-sea cores also provide infor
mation on palaeotemperatures, but not on changes 
in precipitation. The evidence obtained by Verg
naud-Grazzini and Herman-Rosenberg from a 
deep-sea core, taken W of Crete, points to an 
al ternation of warmer and cooler periods (after 
Farrand 1 9 7 1  ). In the lower part of the core 
(before 3 5 ,000 B .P . )  the range of variation shown 
by the oxygen isotope analysis is about the same as 
that in modem planktonic fauna in the same 
region. After 3 5 ,000 B.P.  the amount of 0'8  
increases, indicating a decrease in temperature of  
5 - 1 0°C between ca .  30,000 and 1 2 ,000 B .P .  

2 . 3 . 3 .  INDICATIONS O F  "PLUVIALS"

Pluvials in the strict sense are defined as periods 
with a higher precipitation than at present. Plu
vials are also postulated for the Near East .  Im
portant are the presence of "pluvial lakes" (indi
cations of former high water levels) and thick ac
cumulations of slope deposits (cf. 2 . 2 . 2 .) . Pluvials
are mostly correlated with glacial periods. It is still 
maintained that during the last Glacial, pluvial 
conditions prevailed in the eastern Mediterranean 

area (Farrand 1 9 7 1 ) .
It is evident that most of the basins in the Wes

tern Taurus formerly contained much larger lakes 
than at present. As an example is mentioned here 
the Konya basin (de Ridder 1 96 5 ) ,  where old 
shore l ines, wa ve-cut cl iffs, etc. prove the exis
tence of a former huge lake. Human habitation in 
the Konya plain since at least 9 ,000 B .P.  indicates 
that by that time the lake had already receded 
considerably. It is  interesting that molluscs, re
covered from the lake sediments, point to fresh
water conditions. This implies that the former lake 
must have had a subterranean drainage. De Rid
der mentions in  this respect that the underlying 
lirnestone is affected by karst processes. The mol
luscs gave no clear indications of colder conditions 
in  the past. Cohen & Erol ( 1 96 9) re port former
high lake levels in the Burdur basin. They suggest 
that at the .end of the Pleistocene a general re
cession took place in most of the lakes in the 
region. These recessions should have favoured the 
spread of human habitation, since relatively large 
areas of rich alluvial so i l  became a vailable. 

Palynological evidence indicates that, at  least 
during the second part of the last Glacial, the 
cl imate was markedly drier than at present, so 
that there can have been no question of higher 
rainfall .  However, there is  no need to postulate 
a higher precipitation for an explanation of "plu
vial lakes". The decrease in precipitation may 
have been more than compensated for by the 
reduction in  evaporation. 

Thick slope deposits can also be explained in 
another way. Rohdenburg ( 1 970) points out that
their accumulation must be due to a geomorpho
logically very active mechanism. He postulates 
rare but very heavy ra in-showers. Such an extreme 
rainfall irregularity can produce truly "fluvial" 
landscapes, although the climate may be rather 
dry. According to Tricart (after Messerli 1 967) 
such an irregular rainfall pattern is more charac
teristic of dry than of moist cl imates. Messerl i 

( 1 967) also accepts this explanation for these
badly sorted and heterogeneous thick slope de
posm. 

In summary i t  can be stated that a more favour
able balance of precipitation and evaporation and 
an irregular rainfall d istribution could explain 
several of the "pluvial" features. 6 1
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3. THE CLIMA TE

Information on the climate of southwestern Tur
key presented here is largely derived from Davis 
( 1 96 5 ,  pp. 5 -7), while the data on the precipitation 
(fig .  5 )  are after Walter ( 1 9 5 5 ) .  Fairly detailed 
precipitation maps have been publ ished for south
western Turkey, among others by Lembke ( 1 940) .  
The greater detail of these maps is not based upon 
more information on the actual rainfall, but in 
reconstructing the distribution of the annual preci
p itation the topography has been taken into 
consideration. 

The coastal area of southwestern Anatolia has 
a typical Mediterranean climate. Precipitation oc
curs in the autumn, winter and spring, from Oc
tober to April, whereas the summers are nearly 
rainless. The weather stations on the south coast 
record average yearly precipitations of more than 
l ,ooo mm, whereas on the west coast the ra infall 
hardly exceeds 700 mm. The winters are mild ; 
temperatures rarely drop below freezing point. In 
spite of the hot summer with almost no rain, hu-

Fig. 5 .  Annua! prec1pnat1on in southwcstern Turkey. The 
number aftcr thc place-name is the precipitation in m m  
(after Walter 1 9 5 5 ) .  

midity is not particularly low as a result of the 
nearness of the sea. In broad west-east valleys, 
such as that of the Menderes river, Eu-Mediter
ranean climate and vegetation penetrate far into 
the in terior of Ana tol ia. 

Towards the interior the total amount of pre
cipitation decreases, but a somewhat larger part 
of it falls in the summer. In the mountains, mean 
summer temperatures are not much lower than 
along the coast, but the winters are considerably 
colder. Areas above l ,ooo m are usually snow
covered during the winter. It  should be mentioned 
that in the whole of Southwest Turkey precipita
tion shows considerable annual fluctuations. 

Fig. 6 .  Reconstruction of the distribution of  the major 
vegetation u nits in  southwcstern Turkey (see chapter 4) .  
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The climate of the Central-Anatolian Plateau 
has a more continental character. Mean annual 
precipitation is below 3 5 o mm. Again, most of 
the precipitation occurs in the autumn, winter 
and spring. The winters are cold with average 
minimum temperatures below freezing point for 
several months. In spite of some rain the humidity 
is  low during the summer. This is due to the high 
day temperatures . and the often strong winds. 
That the average summer temperatures in  the 
Central-Anatolian Plateau are lower than in the 
Mediterranean region is  due to the sharp drop in 
temperature during the night. It will  be clear 
that in Inner Anatolia the climate is much harsher 
and less favourable to plant growth than in the 
Mediterranean region. 

4 .  THE PRESENT-DAY NATURAL 
VEGETATION ZONES 

4 . r .  INTRODUCTION 

One of the prerequisi tes for a satisfacory inter
pretation of pollen d iagrams prepared from sedi
ment cores is a general knowledge of the present
day vegetation in the area concerned . As for the 
whole of the Near East, the reconstruction of the 
natural vegetation in southwestern Turkey is  
seriously handicapped by the faet that man and 
his domestic animals, in particular the goat, have 
exercised their destructive influence on the vege
tation for a long time. Moreover, data on the 
vegetation of southwestern Turkey are still scarce 
and scattered . 

On the vegetation map of fig. 6 no vegetation 
types are shown, only a few conspicuous vegetation 
belts. For the construction of this map much use 
has been made of Zohary's ( 1 97 3 )  book on the 
Geobotanical Foundations of the Middle East. 
Further, the studies of Louis ( 1 9 39) ,  Schwarz 
( 1 9 36), Walter ( 1 9 5 6a), Markgraf ( 1 9 5 8 ) and 
Quezel ( l 973)  were consulted . 

I t  should be emphasized that on the map of fig. 
6 the delimitation of the vegetation belts is rather 
schematic and sometimes even arbitrary. 

4 . 2 .  EU-Jll!EDITERRANEAN VEGET AT IONS

One of the vegetation belts d istinguished on the 
map of fig. 6, is the so-called Eu-Mediterranean 
vegetation. The trees and shrubs of  the Eu-Me
diterranean vegetations consist mainly of ever
green species. This vegetation belt is  found in the 
coastal area of southwestern Turkey, at  elevations 
from sea-level to about 800 m.  In broad river val
leys, such as of the Menderes river, Eu-Mediter
ranean vegetations penetrate far into the interior 
of Anatolia. More inland the upper l imit of the 
Eu-Mediterranean vegetations descends to 600-
700 m .  

In the lowest zone o f  the coastal area, up to 
elevations of 300 m, the Ceratonio-Pistacion len
tisci is  found. Of the characteristic and/or common 
arboreal species of the vegetations of the Cerato
nio-Pistacion lentisci we can mention : Pistacia 
lentiscus, Ceratonia siliqua, Olea europaea var. 
oleaster (wild olive), Quercus calliprinos, Spartium 
j1.mceum, Calycotome villosa, Phillyrea media, 
]uniperus phoenicica and Erica verticillata. In the 
Ceratonio-Pistacion lentisci vegetation zone Pinus 
brutia plays an important part, and pine forests 
with an undergrowth of Ceratonio-Pistacion len
tisci species are quite common. 

Vegetations of the Quercion calliprini are found 
above those of the Ceratonio-Pistacion lentisci, 
up to the upper limit of the Eu-Mediterranean 
vegetation belt. Above, i t  has been mentioned that 
the Ceratonio-Pistacion lentisci occurs up to 300 
m, but that does not imply that Quercion calliprini 
vegetations would not be found below this altitude. 
Thus, Zohary ( 1 97 3 ,  p .  5 1 2) gives a sample record 
of a Quercion calliprini vegetation at an elevation 
of 50 m, near Izmir. In addition to Qitercus 
calliprinos, which is mostly the dominant shrub 
in the Quercion calliprini vegetations, many other 
shrubs are found here, such as Pistacia palaestina, 
Phillyrea media, Arbutus andraclme, Styrax of
f icinalis, Quercus infectoria., Crataegus aronia, 
Fontanesia phillyreoides and lvlyrtus communis. 
Also at elevations of between 300 and 800 m 
Pinus brutia forests play an important part. Vast 
stretches are covered by pine forest with an under
growth of Quercion calliprini species .  In particu
lar Quercus calliprinos i s  a very common shrub in 
Pimts brutia forests. 
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There is a d ifference of opinion among plant 
ecologists on the original role of Pinus brutia in  the 
Eu-Mediterranean vegetation belt. Schwarz ( 1 9  36)  
is of the opinion that p ine forest with an under
growth of maquis species constitutes the climax ve
getation in the larger part of the Eu-Mediterranean 
vegetation belt. Walter ( 1 9 5 6a) and Zohary ( 1 97 3 ,  
p . 5 2  5 ) ,  on  the other hand, claim that Pinus brutia
would have invaded the territory of the Eu
Mediterranean maquis (Ceratonio-Pistacion len
tisci and Quercion call iprini) after the destruction 
of the original plant cover by man. In this con
nection the results of the palynological study of 
the sediment core from Lake Kocegiz, at sea-level, 
are very instructive (1 .6 . ) .  

Although the Quercion calliprini is named after 
Quercus calliprinos, this oak species is by no means 
confined to this syntaxonomic unit .  It has already 
been mentioned that Quercus calliprinos forms 
part of Ceratonio-Pistacion lentisci vegetations, 
while this species can l ikewise be common in vege
tations of the Oro-Mediterranean belt which wi l l  
be d iscussed below. Quercus calliprinos i s  one of 
the hardiest Mediterranean species, which is found 
at elevations up to 1 ,700 m, where winter temper
atures can be quite low. Quercus calliprinos has 
undoubtedly profited from the destructive activi
ties of man. Kermes oak bushes are often the last 
remnants of former forest vegetations. 

Mention should be made of the Quercetum ma
crolepidis anatolicum (Zohary 1 97 3 ,  p. 5 1 6); 
which vegetation unit is  confined to western and 
southwestern Turkey. This forest type, which is 
characterized by Quercus macrolepis, may par
ticularly be found near the inner (inland) border 
of the Eu-Mediterranean vegetation belt. 

Of the trees and shrubs found along streams and 
in other wet places we can mention here : Pla
tanus orientalis, Salix spec., Ulmus campestris, 
Populus spec., Vitex agnus-castus and Alnus glu
tinosa. Liquidambar orientalis deserves some spe
cial attention ; it is a tree species which is confined 
to southwestern Anatolia. This tree can be com
mon locally, among others in the Mugla district. 
Thus, the authors v isited a marsh forest, about 
6 km southwest of Karabortlen, in which Liqui
dambar, Fraxinus and Ulmits formed the tree 
layer, with predominantly Vitex in the shrub layer 
(surface sample 8 ) .  

4 . 3 .  ORO-MEDITERRANEAN VEGETATIONS 

Oro-Mediterranean vegetations extend from the 
upper l imit of the Eu-Mediterranean vegetation 
belt to the upper forest line at e�evations of about
2,000 m.  In the lower part of the Oro-Mediter
ranean vegetation belt, between about 800 and 
1 ,200 m, deciduous forests as well as coni ferous 
forests occur. Up to an altitude of 1 ,000 m the 
coniferous forests are made up of Pinus brutia, 
whereas above that l imit Pinus nigra prevails. 
However, on warm exposures Pinus brutia forests 
occur above 1 ,000 m, up to elevations of over 
1 ,200 m. The dominant tree in the deciduous 
forests is Quercus cerris. Quercus calliprinos i s  
frequently found in the shrub layer of Pinus brutia 
forests. Quercus cerris often forms a more or less 
dense undergrowth in Pimts nigra forests. As for 
the d istribution of pine and oak forests in the 
lower zone of the Oro-Mediterranean belt, along 
the road from Akseki to Cevizl i the authors ob
served large oak trees on level terrain with a deep 
soil, whereas the slopes were covered by Pinus 
nigra forest. 

Towards the interior of Anatolia the pine and 
oak forests of the lower zone of the Oro-Mediter
ranean belt do not descend as far as 800 m, as on 
the western and southern slopes of the Taurus 
Mountains. Below elevations of 1 ,  r no to 1 ,ooo m 
the vegetations of the Oro-Mediterranean belt give 
way to those of the Xero-Euxinian steppe-forest 
belt which wi l l  be d iscussed below (4· 5 ·) ·  

In the upper forest zone, which general ly ex
tends from about 1 ,200 m to the upper timber l ine 
at about 2,000 m,  coni ferous forests are found. The 
main constituents of the montane forest vegetations 
are Pinus nigra (up to 1 , 8 00 m), Cedrus libani, 
Abies cilicica and J unipert1.s excelsa. These trees 
occur in nearly pure stands as well as in m ixed 
forests. Virtually pure Abies cilicica forests occur 
north of Akseki, at elevations of l ,400 m and 
higher (fig. 7), while for the same area of the 
Western Taurus range, extensive Cedrus-Abies 
forests are reported by Zohary ( 1 97 3 ,  p. 5 6 1 ) .  At 
the southeastern side of Avlan Gi.i lii, south of El
mali, a beautiful ]uniperus excelsa-Cedrus libani 
forest (figs. 8 and 9) was observed by the authors 
(surface samples 3 8 ,  39 and 40). The shrub layer 
in this forest includes Quercus calliprinos, Juni-
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perus oxycedrus, Acer aff. monspessulanum, Loni
cera spec., Berberis spec., Pistacia terebinthusl 
palaestina and Atraphaxis billardii. As a degener
ation stage of this Cedrus-j uniperus forest, a 
]uniperus excelsa-Quercus callip rinos shrub vege
tation is found in the same area. The Cedrus
f!,miperns forest near Avlan Gi.ili.i occurs as low as 
ca. l , 0 50  111. Zohary ( 1 97 3 ,  p. 1 5 8 ) mentions that 
north of Cevizli, about half-way from the coast to 

Fig.  7.  Abies cilicica forest, north of Akseki. 

Benehir, Cedrus and Abies descend to about 
l ,ooo m on northern exposures. These examples 
demonstrate, again, that the lower (and upper) 
l imits of forest types vary considerably depending 
on soil, exposure, topography and other factors. 

Fagus sylvatica is found on Murat Dagi, ca. 
40 km north-northeast of Upk, at elevations of 
l ,600 to l ,700 111 (Zohary 1 97 3 ,  p .  2 8 1 ) . 

Although Betv1la does not naturally occur in 
southwestern Turkey, some remarks on this tree 
wi l l  be made here because it is represented in the 

pollen diagrams which wil l  be discussed in  chapter 
7. Betula verrncosa ( = B. pendula) ,  which is  a
rare species in Turkey, constitutes the highest 
forest zone in the mountains of northeastern Ana
tolia, up to elevations of ca. 2,400 m (Zohary 
1 97 3 ,  p.  3 66 ;  Rik.l i  1 94 3 ,  p. 662) .  Betula is also 
reported for the Erc;:iyas Dag, south of Kayseri, in 
Central Anatolia. On the Erc;:iyas Dag the upper 
forest zone is again made up by Betula which 
reaches an altitude of 2 , 5 00-2,600 m (Rik.li  1 94 3 ,  
p .  649).  

4+ ALPINE VEGETATIONS 

The alpine vegetations of southwestern Turkey 
were studied by Quezel ( 1 97 3 ) .  Further, Schwarz 
( l 9 36)  describes alpine vegetations for Lydia, 
north of the Menderes river. The 111ajority of the 
vegetations above the up per tree l ine  consists of 
dry top-lawns (pelouses ecorchf:es) . The aspect of 
these vegetations is mostly determined by spiny, 
cushion-shaped species, such as Astragalus angus
tifolius; Astragahts microcephalus, Acantholimon 
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echinus and Onobrychis cormtta (Dornpolster
steppe) . However, unarmed species, in particular 
Labiatae, Scrophulariaceae, Caryophyllaceae, Bo
raginaceae and Gramineae, are generally predomi
nant. 

Fig. 8. Cedms libani near Avlan Golii. 

4 . 5 .  THE XERO-EUXINIAN VEGETATION 
BELT 

North and east of the Oro-Mediterranean vegeta
tion belt, in a region with lower average pre
cipitation than in  the Mediterranean zone and with 
increasing continentali ty towards the Central
Anatolian plateau, Zohary's Xero-Euxinian step
pe-forest belt occurs . The designation "steppe-

Fig. 9.  Juniperus oxycedms near Avlan Golii. 
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forest" may give rise to confusion. The Xero
Euxinian steppe-forest region comprises, on the 
one hand, steppe vegetations with only scattered 
trees and, on the other hand, forest vegetations 
with a tree and shrub cover of 5 0°/o and more. 
For that reason the forests concerned are denoted 
here as Xero-Euxinian forests and the steppic 
vegetations with sparse tree growth as Xero
Euxinian forest-steppes. 

The forests of the Xero-Euxinian vegetation belt 
consist largely of deciduous oak, of pine and of 
mixed pine and oak. The dominant tree in the 
pine forests is Pimts nigra, whereas Quercus cerris 
and Quercus pubescens are the main constituents 
of the deciduous oak forests. The oak forest is 
often reduced to brushwood as a result  of cutting 
and grazing. Oak brush underwood is  of ten found 
in Pinus nigra forest. J uniperus excelsa and Juni
perus oxycedrus are quite common; they occur in 
oak and pine forests as well as in independent 
stands. Moreover, Zohary ( 1 97 3 ,  p. 2 80) mentions 
Juniperus foetidissima stands at elevations of 
l ,  r oo and l, 1 5  o m north of Eski�ehi r, outside the 
area covered by the map of fig. 6. The Xero
Euxinian oak and pine forests differ from those 
of the Oro-Mediterranean vegetation be!t by their 
more open character and by the ground flora 
which consists mainly of steppe elements. 

Of the original forest-steppe vegetation very 
l itt!e is  left. Solitary trees indicate that i t  was an 
oak forest-steppe, in which in  addition to deci
duous oak, wild fruit trees, such as Pyrus elaeagri
folia and Crataegus laciniata, were found. 

The Xero-Euxinian forest vegetations occur at 
higher elevations ;  in these, the pine forests are 
situated above the oak forests. I t  is  not possible to 
dra w a line between the forest and forest-steppe 
areas. Too much has been destroyed of the original 
vegetation and, moreover, the transition from 
forest to forest-steppe must ha ve been very gra
dual . Towards the Central-Anatolian Plateau 
remnants of forest stands are not found below 
l, l oo m, w hereas more to the west the lower l imit 
of the Xero-Euxinian forest may be below l ,ooo
m. 

The demarcation line between Oro-Mediter
ranean and Xero-Euxinian oak and pine forests, 
as indicated on the map of fig. 6, is arbitrary. 
Because of the large-scale destruction of the ori-

ginal plant cover, this transition cannot be drawn 
more accurately. According to Zohary ( l 973 ,  p .
5 79) the upper l imit of the Xero-Euxinian forest 
would be at about 2 ,000 m. On the vegetation map 
of fig. 6 a hypothetical Oro-Mediterranean-type 
forest is indicated for elevations above l , 5 00 m in 
the Xero-Euxinian vegetation belt. This is done 
because the palynological evidence obtained for 
sediment cores from Karamik Batakligi and Hoy
ran Golii (7 .2 .  and 7+) suggests that under na
tura! conditions Oro-Mediterranean-type forests 
should occur in the · Xero-Euxinian zone. 

4 .6 .  THE CENTRAL-ANATOLIAN STEPPE 

The timberless steppe vegetations of Central Ana
to!ia belong to the class of the Artemisietea fra
grantis anatolica (Zohary 1 97 3 ,  p. 4 8 2) .  The do
minant species of these steppe vegetations is  Ar
temisia fragans. Other species include Astragalus 
spp. ,  Centaurea spp . ,  Eryngium spp" Thymus 
squarrosus, Salvia cryptantha, Teucrium polium, 
Phlomis armeniaca, Plumbago europaea, Verbas
rnm pycnocephahts, Euphorbia macroclada, Bro
mus tomentellus and Stipa lagascae. 

Walter ( 1 9 5 6b) is of the opinion that the present
day composition of the steppe vegetations in  Cen
tral Anatolia is  of secondary nature as a resu!t of 
heavy grazing. In primary steppe vegetations, gras
ses, in particular Bromus and Stipa species, played 
a dominant part instead of Artemisia. This as
sumption is supported by the observation that 
grasses become dominant in  areas which are 
protected against grazing. According to Zohary 
( 1 97 3 ,  p. 392)  "some parts of the Anatolian steppe 
may have had a grass-steppe as their climax vege
tation" . However, the climax vegetation of the 
"very core of Central Anatolia" should be an 
Artemisia steppe. 

5 .  METHODS 

p .  THE CORING 

The sediments were cored with a Dachnowsky 
sampler with an inner d iameter of 3 . 7 cm and a 
useful length of 2 5 cm. Because of the general ly 
compact sediments the borings had to be carried 
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out in one hole. Often a drive frame equipped 
with chain hoists was necessary to push the sam
pler through the sediment. 

5 .2 .  ?REPARATION OF SAMPLES 

The day and gyttja samples were prepared ac
cording to the foliowing procedure : 
l .  Af ter dehydration in absolute alcohol the sam

ple was transferred to a bromoform-alcohol 
mixture with a specific gravity of 2 .0. 

2 .  The heavy liquid with the sample was left in 
an ul trasonic generator (40 kc/sec) for ca. 5 
minutes in order to disintegrate the day matrix. 
During centrifuging, the organic material be
came separated from the mineral partides which 
precipitated on the bottom of the tube. 

3. The heavy liquid containing the organic material
was diluted w ith alcohol, after which the or
ganic material could be precipitated by centrifu
gmg.

4 .  In order to remove remnants of bromoform the 
residue was washed with alcohol. 

5. Subsequently the residue was gently boiled in
40-50°/o hydrofluoric acid for l - 3  minutes to
dissolve the mineral partides which had escaped
gravity separation.

6 .  The HF treatment was fol lowed by acetolysis. 
7 . After acetolysis the residue was washed with 

water, stained with safranin, and transferred to 
sil icone oil. 

Preceding the above treatment peat samples were 
boiled in a l oO/o KOH solution for ca. 5 mimites. 

The surface samples, consisting of moss cushions, 
were prepared in  the fol iowing way : 
r .  Boiling in a l oO/o KOH solution for ca. 5 mi-

nutes. 
2. HF treatment. 
3 .  Acetolysis. 
4 . A fter acetolysis the samples were stained with 

safranin and mounted in silicone oil .  

6 .  THE SURFACE-SAMPLE STUDY 

6. r .  /NTRODUCTION

It is a well-known faet that as a result of dif
ferential production, dispersal and preservation of 
pollen, the share of the various pollen types in 
samples from lake and peat sediments does not 
generally correspond with the share of the plant 
taxa concerned in the past vegetation. Knowledge 
of the relation between modem pollen precipita
tion and vegetation may provide d ues for the 
interpretation of fossil pollen spectra in terms of 
former vegetations. 

For the Eastern Mediterranean area surface
sample studies have been published for northern 
Greece (Bottema 1 974),  southeastern Turkey (Van 
Zeist et al. ( 1 968 )  1 970) and western Iran (Wright 
et al. 1 967) .  The vegetations induded in the studies 
mentioned above differ considerably from those in 
southwestern Turkey. For that reason it was felt  
necessary to supplement the palynological exa
mination of sediment cores from southwestern 
Turkey with a study of the modern pollen pre
cipitation in this region. 

Surface samples consisting of patches of moss 
were taken in more or less natura!, semi-natural 
and seriousl y degraded vegetations. It should be 
stressed that various vegetation types may have 
been missed. Vegetations at a greater distance from 
passable roads were not visited. 

Due to lack of time and to insufficient know
ledge of the flora of southwestern Turkey, the 
study of the vegetation in the vicinity of the 
surface-sample sites had to remain confined to 
incomplete inventories of the plants present, sup
plemented by estimates of the share of some quan
titatively important species in the plant cover. 
Particularly the data on the herbaceous plants are 
rather fragmentary. Only a minor proportion of 
the herbs could be identified to the genus, let 
alone the species. 

The surface-sample spectra are arranged into 
five groups. The grouping is based upon the 
natura! vegetation zones (cf. chapter 4) from 
which the samples originate, viz. the lower and 
upper Eu-Mediterranean zones (tables l and 2 ) , 

the Oro-Mediterranean zone (tables 3 and 4) ,  and 
the Xero-Euxinian zone (table 5 ) .  Within each of 
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these groups a further subdivision i s  made. 
In table 6, for a selected number of pollen types, 

mean percentages per sub-group are given. The 
mean percentage is calculated in the fol iowing 
way. For example, in table 2 ,  sub-group a, Juni
perns is represented in 7 of the 8 samples. The sum 
of the J uniperus percentages in each of the samples 
in which this species is represented amounts to 
5 .6°/o . For the calculation of the mean percentage 
this sum is divided by 7 (and not by 8), which 
results in a value of o . 8 °/o. The second figure in
dicates the number of samples in  which the pollen 
type concerned was found. For instance, 5 /7 in
d icates that the species concerned is represented in 
5 of the 7 samples of that particular sub-group. 

6 . 2 .  THE SURFACE-SAMPLE LOCALITIES 

In this section the most relevant data on the s ites 
where surface samples were col lected, such as 
location, al titude and vegetation, are presented. 
The location of the samples is also indicated in 
fig. 1 0 . It  has already been mentioned that the 
vegetation surveys of the sampling localities are 
incomplete. In the enumeration of the sites the in
formation on the plant growth has been condensed 
further ; only the type of vegetation and the quan
titatively most important species are mentioned.  
The first number is the sample nurnber, the second 
number the approximate elevation. 

I .  40-60 m, ca. 3 km N of Kupdasi, near the 
coast. Maquis with predominantly Quercus cal
liprinos, Pistacia. lentiscus, Cistits villosus and 
Arbutus unedo. Furthermore, among others, Spar
tium junceum, Phillyrea media, Olea europaea and 
Poterium spinosum. 
2. ca. 5 00 m, near Meryemana. Whole area cover
ed by dense maquis with predorninantly Phil
lyrea media, Arbutus 1-m.edo, Quercus calliprinos, 
Quercus infectoria, Erica verticillata and Cistus 
villosus. 
3 .  ca. 400 m, ca. 4 km W of Aziziye. Open Pimts 
brutia forest. Dense shrub layer with much Erica 
verticillata. Besides, Phillyrea media, Quercus in
fectoria and others. 
4. ca. 600 m, ca. r 2 km N of Germencik.  Open
Pimts buttia forest remnant on sl ope. In shrub 
layer predominantly Quercus calliprinos. The 

w hole area is  under culti va tion ( oli ve, f ig, gram 
fields) with scattered forest remnants. 
5 .  Same locality as 4 .  Sample 4 was taken in the 
upper part of the slope, sample 5 at the foot .  
6. ca. r 5 0  m ,  ca. 6 km N of Incirliova. Pinus
brutia forest remnant in cultivated area (olive 
yards, grain fields) . In dense shrub layer much 
Quercus calliprinos; furthermore, among others, 
Olea europaea (wild or escaped from cultivation) . 
7 .  Same area as sample 6. Maquis near river valley 
with Platanus. Quercus calliprinos and Pistacia 
palaestina are common in maquis. 
8. ca. r oo m, ca 5 km SW of Karabortlen. Swamp
forest in valley with Fraxinus excelsior, Liquidam
bar orientalis and V lmus spec. 
9. ca. 2 5 o m, ca. 3 km SE of Karabortlen. Pinus
brntia forest. In shrub layer particu larly Phillyrea 
media, Quercus infectoria, Erica verticillata, Cis
tus villosus and cf. Genista. 
r o .  ca. r ,ooo m, ca. r o . 5  km N of Koycegiz. Pinus 
brutia forest area. In open shrub layer Quercus 
calliprinos, Styrax officinalis and others. Platanus 
and Alnus along streamlet. 
r r. ca. 5 00 rn, ca. 8 km N of Koycegiz. Pinus 
brutia forest. Poorly developed shrub layer. Pla
tamts along streamlet. 
r 2 .  ca. 20 rn, ca. I 8 km SE of Koycegiz. Pimts 
brutia forest remnant on ridge alongside Dalaman 
river. Styrax officinalis common in shrub layer. 
Very well-developed herb vegetation. 
r 3. ca. 20 m, ca. 8 km SE of Koycegiz. Pinus 
brutia forest on upland along cultivated plain. 
Shrub layer with predorninantly Q1-tercus callipri
nos, Styrax officinalis and JV!yrtits comm1.mis. At 
some distance a small Liquidambar orientalis marsh 
forest with Alnus glutinosa. 
1 4 ·  Sea-level, ca. 4 km N of Dalyankoy. Rock 
outcrop in marshy area along Koycegiz Golii ,  ca. 
400 m south-southeast of the Koycegiz coring 
locality. 
r 5. ca. 600 m, ca. 5 km NE of Ula. Open Pinus 
brutia forest. The shrub layer includes Styrax 
of ficinalis, Quercus calliprinos, Phillyrea media 
and Acer monspessulanum. 
r 6. ca. 7 5 0  m, ca. 6 km S of Mugla. Heavily 
grazed maquis, up to r m high. Predorninantly 
Quercus calliprinos. 
1 7 . ca. 5 50 m, ca. r o  km WNW of Mugla. At the 
edge of wholly cultivated plain. Locally much 
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grazing. Scattered shrub and same pine trees in the 
area. 
1 8 .  ca. 6 5 0  m, ca. 4 km NE of Yatagan. Fairly 
dense maquis consisting largely of Quercus cal
liprinos. 
1 9 . ca. 3 5 0 m, ca. 4 5  km SSE of Aydin. Open, 
heavily grazed terrain. Same Pimts bnttia in the 
area ; furtherrnore, Olea e11.ropaea, Phillyrea media, 
Quercus calliprinos, Quercus infectoria and others. 
20. ca. 1 3 0 m, ca. 2 5 km SSE of Aydin. At the
edge of wholly cultivated plain. Heavily grazed 
terrain.  Scattered Quercus calliprinos shrub. 
2 1 .  ca. 1 00 m, ca. r o  km S of Aydin. At the edge 
of wholly cul tivated plain. Heavily grazed terrain. 
No trees or shrubs. 
2 2 .  ca. 400 m, ca. r o  km N of Kosk. Slopes co
vered by olive yards and scattered maquis. Same 
Pinus brutia. At short distance from sampling site 
fairly well-developed shrub vegetation including 
Qr.tercus infectoria, Qttercus ca!Liprinos and Pis
tacia palaestina. In valley, where sample was 
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taken, Platanus, Juglans, Salix, Tamarix, Ulmus, 
Populus, Vitis, Hedera and Pimica. 
2 3 .  ca. 1 , 2 5 0  m, ca. 7 km NNW of Karacasu .  
Pimts nigra forest remnant. In undergrowth Pteri
diitm aqr.f.ilinum, Sangitisorba minor, deciduous 
Quercus and others. Hedera in trees. 
24 . ca. 1 , 1 5 0  m, in same area as sample 2 3 ,  d istance
between both samples ca. 2 ,000 m. Deforested 
terrain with dense vegetation of Pteridiitm aquili
num. 
2 5 .  ca. 5 00 m, ca. 3 km N of Babadag. Deforested 
area, scattered maquis and Pinus brutia. Grain 
fields and grazed terrain. 
26 . ca. 8 5 0  m, ca. 7 km SE of Acipayam. Culti
vated plain. On slopes at the edge of the plain 
maquis and open terrain. Salix in the v icini ty of 
sampling site. 
27. ca. 1 ,2 5 0  m, near SW side of Salda Goli.i .
Grazed Pinus nigra forest. In shrub layer, up to 
r m high, Cistus spec" Quercus cf. cerris and 
J uniperus oxycedrus. 
2 8 .  ca. 9 5 0  m, ca. 20 km ESE of Kizilhisar. Nar
row part of east-west orientated valley. In valley 
grain fields, Vitis and fruit trees. On slopes maquis 
with fa irly frequently Qitercus cf. infectoria. 



72 

\VI. V A N  Z E I S T / H .  W O L D R I N G / D. S T A P E R T

29 .  ca. 1 , 1 5 0 m ,  ca. 2 0  k m  SE o f  Denizli. Com
pletely deforested and overgrazed terrain. Some 
small shrubs of Prunus and Quercus calliprinos. 
Grain fields at some distance. 
30 .  ca. 1 , 1 5 0  m,  ca. 1 5  km SE of Denizli .  Pinus 
nigra forest. In shrub layer, up to 1 m high, 
] uniperus oxycedrus, Quercus calliprinos and Cis
tus spec. 
3 2 .  ca. 7 1 0  m, ca. 4 km SE of Denizli .  Pinus 
brutia forest. In shrub layer Quercus calliprinos, 
Cotimts coggygria, Quercus infectoria, Crataegus 
and Pinus. Platanus in valley with rivulet. 
3 3 .  ca. 920 m, ca. 1 8  km S of Egridir. In valley 
grain fields with well-developed deciduous oak 
trees. On grazed slope to the west of the valley 
scattered deciduous Quercus, Pistacia palaestina, 
Juniperus oxycedrus and Querc1;,s calliprinos. Sty
rax officinalis is common in maquis. Pinus in  
upper part of the slope, r oo- 1 5 0  m above valley. 
3 4 .  ca. 9 30 m, ca. 1 2 km NNW of Isparta. Culti
vated plain : fields and fruit trees. On grazed slopes 
some shrub of Quercus calliprinos and Crataegus. 
3 5 .  ca . 8 90 m, ca. 1 5  km NW of Isparta. At the 
edge of cu!tivated plain :  grain fields, Papaver, 
some frui t  trees. On slopes maquis and open ter
ram. 
36 .  ca. 220 m, ca. 1 8  km NW of Antalya. Heavily 
grazed, open maquis with predominantly Quercus 
calliprinos. Besides, Rhus coriaria, Pistacia palaes
tina, Vitex agnus-castus, Styrax officinalis and 
Phillyrea media. 
37 .  ca. 1 00 m, ca. 9 km NW of Antalya. Pinus 
brutia forest. In shrub layer predominantly Cera
tonia siliqua and Qttercus calliprinos. Furthermore, 
Phillyrea media, Arbutus andrachne, Daphne an-
gustifolia and others. 

. 

3 8 .  ca. 1 ,0 5 0  m, ca. 20 km S of Elmali .  Nearly 
undisturbed Cedrus libani-] uniperus excelsa forest 
on slope SE of Avlan Goli.i. In open shrub layer, 
among others, J uniperus spp., Acer cf. monspessu
lanum, Pistacia palaestina and Quercus calliprinos. 
Sample from open place inside forest. 
3 9 .  Same local i ty as sample 3 8 .  Sample from the 
foot of the slope. 
40. ca. 1 ,0 5 0  m,  ca. 22  km S of Elmali, about 3
km SW of the locality of samples 3 8  and 39 .  
Cedar-juniper forest on  slope southwest o f  Avlan 
Goli.i .  Sample from just outside the forest. Quercus 
calliprinos and Acer monspessulanum shru b  at a 

short distance from sampling site. 
4 1 .  ca. 1 , 1 00 m, ca. 1 5  km S of Elmali .  Degrada
tion stage after the cutting of the cedar-juniper 
forest. Maquis with predominant!y Juniperus ex
celsa and Quercus calliprinos. 
42 .  ca. 1 , 1 00 m, ca. 1 5  km NE of Elmali .  Heavi
ly grazed slope without trees and shrubs. For the 
greater part bare rocks. In a smal l  valley at a 
short distance grain fields, Populus, Salix, Vitis 
and frui t  trees. 
4 3 .  ca. r , 1 3 0 m, ca. 30 km NE of Elmali .  Scattered 
Juniperus excelsa, up to 5 m high . Maquis of 
nearly exclusively Quercus calliprinos. 
44 .  ca. 1 , 3 5 0 m, ca. 4 km E of Kizilcadag. Heavily 
grazed terrain with scattered Juniperus excelsa, 
up to 4 m high. Very open scrub vegetation with 
junipents spp., Prunus and Berberis. Much Astra
galus. Grain fields. 
4 5 .  ca. 600 m, ca. 2 5 km E of Korkutel i .  Pinus 
brutia forest. Poorly developed shrub layer with 
predominant!y Q1.tercus calliprinos. 
46 .  ca. 400 m, ca. 30 km E of Korkuteli. Dense 
maquis, up to 5 m high, with Phillyrea media, 
Arbutus andrachne, Fontanesia phillyreoides, Pis
tacia palaestina, Olea ettropaea and others. A few 
Pinus brutia . 
47. ca. 3 5 0  m, ca. 3 0  km NNW of Antalya. Rather
dense, grazed maquis with predominantly Quer
cus calliprinos, Phillyrea media and Arbtttus an
drachne. 
4 8 .  ca. 1 ,0 5 0  m, ca. 1 0  km SE of Burdur. De
forested area. Grazed terrain and fields ( cereal 
crop and opium poppy) . In valleys Populus, Nlo
rns, Salix, ]uglans and Cannabis. At some distance 
small group of pines. 
49. ca. 1 , 1 5 0 m, ca. 1 8  km SE of Burdur. Same
deforested area as sample 4 8 .  In flat parts grain 
fields ; Quercus calliprinos scrub on grazed slopes. 
R ich herbaceous vegetation. 
50 .  ca. 700 m, ca. 5 km N of Kocaaliler. Large 
Pinus brutia forest area. Scarce undergrowth with 
Styrax officinalis, Fontanesia phillyreoides, Quer
cus calliprinos, Daphne sericea and ]tmiperus ex
celsa. 
5 1 .  ca. 700 m, ca. 5 km SW of Bucak. Grazed ter
rain with maquis and grain fields. Pine forest at 
1 ,000 to r , 5 00 m. 
5 2 .  ca. 700 m, ca. 2 2  km S of Bucak. Grazed slopes 
with maquis. Grain fields and fruit trees (]uglans) 
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on level terrain. Pine forest at 2 km or more from 
the sampling site. Querrns calliprinos is dominant. . 
m maqu1s. 
5 3. ca. l ,{OO m, ca. 4 km N of Akseki. Extensive 
Abies cilicica forest cover. Some ] uniperus oxyce
drns, Juniperus excelsa and Crataegu,s spec. 
5 4. ca. l ,400 m, ca. 4 km N of Akseki .  Same 
Abies forest as in sample 5 3 .  In the v icinity of the 
sampling site also Ostrya carpinifolia, Pistacia cf. 
terebinthus, Qu,errns cf. cerris and ] uniperu,s ob
served. 
5 5 .  ca. l , 5 00 m, ca. 6 km N of Akseki. In addition 
to Abies cilicica, some Pinus nigra. Furthermore, 
Juniperus and at some distance Cedrus libani. The 
sample was taken on an open spot with a fairly 
rich herbaceous vegetation. 
5 6 . ca. l ,r 5 0 m, ca. 1 8  km SW of Benehir, at the 
south side of Bey�ehir Gi:ili.i. Rolling landscape. 
Grazed terrain as well as fields (grain, pulses) . 
Scattered oak trees (Quercus cf. p1-tbescens). Shrub 
of deciduous oak, J uniperus oxycedrus, Berberis 
and Crataegus. 
5 7 .  ca. l ,030 m, ca. 1 7  km N of I lgin, at east side 
of <_;:avuscu Gi:ili.i. Heavily grazed outcrop with 
predominantly Artemisia cf. fragrans, Peganum 
harmala and various Gramineae. 
5 8. ca. l ,  l 2 5 m, ca. 4 km SE of Alqehir. Dense 
shrub and low trees (up to 4 m high) on slope. 
Predominantly Quercus cf. pubescens and Quercus 
calliprinos. Besides, ]uniperus oxycedrus, Cratae
gus, Fraximts and others. 
5 9 . ca. l , 1 5 0 m, ca. 6 km N of Bolvadin. Plain 
east of Su!tandaglari. Fields. 
60. ca. l ,2 5 0  m, ca. 8 km SW of Emirdag. Heavily
grazed open Juniperus excelsa vegetation. 

6 . 3 .  THE LOWER EU-N!EDITERRANEAN 
ZONE 

The surface samples from the lower Eu-Mediter
ranean vegetation belt are arranged in three sub
groups (table l ) :  
a .  5 samples from fairly well-developed Pinus 
bru tia woods, although some of the forest rem
nants are of rather l imited size and surrounded by 
fields, orchards and pasture land . 
b. 3 samples from maquis with predominant!y
Qitercus calliprinos. 
c. 2 samples from areas largely devoid of wild trees

and shrubs : fields and heavily grazed terrain. 
The delimination of the sub-groups is not always 

clear. Thus, sample 36 of sub-group b constitutes, 
as i t  were, the transition to sub-group c. Similar 
problems were encountered in  the grouping of the 
samples from the other vegetation zones. Sample 
14 does not fit into any of the sub-groups d is
tinguished. 

The spectra of sub-group a are characterized by 
high Pinus pollen percentages, which may be ex
pected for samples from pine forests. Of the shrubs 
from the undergrowth in the pine forests, Phillyrea, 
Pistacia and Quercus are represented in a l l  sam
ples. Particularly Qitercus calliprinos-type pollen
was counted in larger numbers. The conspicuously 
high Quercus calliprinos pollen value in sample 6 
(2 1 . 2 0/o) is the reflection of the dense shrub vege
tation with predominant!y kermes oak in the pine 
forest concerned. Although deciduous oak (Quer
rns infectoria) occurs only as scrub, its pollen is 
found regularly, indicating that even in a shrubby 
stage this species attains flowering. 

As for the Phillyrea/Fontanesia pol len type, it 
was not until a late stage of the investigation had 
been reached that Fontanesia pollen was recog
nized. During the analysis of surface sample 46 
(table 2 ) , which is  from a locality for which
Fontanesia phillyreoides was recorded, Fontanesia 
pollen was d istinguished from that of Phillyrea. 
In general most of the Phillyrea/Fontanesia pollen 
in the surface samples must have originated from 
Phillyrea media, which species is found at altitudes 
from 50 to l ,ooo m (Zohary 1 973 ,  p .  397) .  Fon
tanesia phillyreoides extends from sea-level to 
l ,200 m, i .e .  to the top of the Pim-ts brutia belt 
(pers. communication Professor Davis) . 

Pollen of the other shrubs in the undergrowth of 
pine forests, such as Sparti1,tm, Genista and Styrax 
af ficinalis, was only occasionally met with. Al
though Styrax was a common shrub in the v icinity 
of the locality of samples l 2 and l 3 ,  its pollen was 
not counted in  the samples concerned. On the 
other hand, Olea is well represented in the pollen 
precipitation. I t  is true that olives are widely 
cultivated in the lower and upper Eu-Mediter
ranean vegetation bel ts, but only in the vegetation 
of the site where sample 6 was taken, Olea (wild 
or escaped from cultivation) was observed. Not 
only the pollen spectra ·from the lower Eu-Mediter- 7 3  
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Surface-sample spectra from the Lower Eu-Mediterranean zone. 

Sample numbers 

Abies 

Alnua 

Betula 

Carpinus betulua 

Castanea 

Casuarina 

Cedrus 

Ceratonia 

C i t rus 

Cornus 

Coryius 

Crataegua-type 

Daphne 

c f .  Elaeagnua 

Eucalyptus 

Fagus 

Fraxinus excelsior-type 

Fraxinua ornus 

G e n i s t a -type 

Hip;>ophae 

Juglana 

Juniperua 

Juniperus sabina 

Liquidambar 

Olea 

Oatrya/Carpinus orientalis 

Paliurua 

Ph illyrea/Fon tanes ia 

Pinus 

Pist ae in 

Platanus 

Punica 

Quercua ealliprinoa-type 

Quercua cerria/infectoria-type 

Rhamnaceae ind e t .  

Rhus 

Salix 

Sambucua 

Spartium 

Styrax 

Tamarix 

T i l ia 

Ulmus 

Viburnum 

Vitex 

V i t i s  

L NAP 
A l i ema 

Echium-type 

Heliotropium.type 

Butomua 

Campanula-type 

Jasione-type 

Humulua/Cannabie 

Caryophyllaceåe ind e t . 
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0 . 1  

0 . 3  

0 . 3  

0 . 1  

1 8 . 9  3 3 . 3  38.4  

0 . 1  

0 . 3  

0 . 3  

o . 4  

0 . 2  

sub-group c 

20 2 1  

5 1 , 3  26 . 5  

0 . 1  0 . 2  

0 . 2  0 . 1  

0 . 1  

0 . 1  

o . 6

0 . 1  

0 . 2  0 . 2  

0 . 1  0 . 3  

0 . 1  

9 , 0  7 , 8  

o . 4

1 2 . 9  

o . 4

0 . 1  

0 , 1  

0 . 1  

0 . 5  

8 . 2  

o . 4  

0 . 1  

5 . 8  

0. 7 

1 . 3 

0 . 3  0 . 2  

0 . 2  

0 . 2  0 . 1  

0 . 1  

0 . 1  0 . 1  

1 4  

4 8 . 2  

0 . 1  

0 , 5  

0 . 2  

2 . 0  

4 . o  

0 . 1  

35.4 

0 . 3  

2 . 8  

o . 6

0 . 1  

o . 8

0 . 1  

0 . 1  

51 . 8  

0 . 1  



Tablc 1 .  cont'd 

Sample numbers 

Spergula arvens i s  

Spergularia 

Chenopodiaceae i n d  e t . 

Noa.ea-type 

C i s  tus 

H e l i a n t hemum 

A r t e m i s i a  

Centaurea cyanus-type 

Centaurea s c a b i o s a- t ype· 

Centaurea solst i t i al i s - type 

C i r s i u m - type 

Crupina 

Filago- t y p e  

J u r i n e a - t yp e 

L i gu l i florae i n d e t .  

M a t r i c a r i a - type 

Onopordon-type 

Scorzonera- type 

Senec i o  -t y p e  

Tubu l i florae i nd e t .  

X a n t h i u m  

c f .  C r a s s u l a c e a e  

B r a s s i c a - t y p e  

Cynocrambe 

Cyperac eae 

Dat i s c a  

Taraus 

Dipsac u s - ty p c 

Knau t i a - ty p e  

Ephedra d i s t achya-type 

Ephedra frag i l is-type 

Ericaceae 

Euphorbia 

c f .  H e r c u r i a l i s  

Geranium 

Gramineae i n d e t . 

C e r e a l i a - t y p e  

Zea mays 

Hypericum perforatum-type 

Crocus 

Glad i o l u s  

L a b i a t a e  inde t . 

Stachys-type 

Thymus - t ype 

Leguminosae ind e t .  

Lotus-type 

T r i fo l i um-type 

L i l iaceac ind e t . 

Asparagu s - t y p e  

Asphodelus 

Maianthemum-type 

S c i l la-type 

Linum 

Lythraceae 

M a l v a  

tluphar 

Papaver 

Plantage i n d e t .  

Late quaternary vegetation and climate of  southwestem Turkey 

sub-group a 

37 1 3  1 2  6 

0 . 1  

0 . 1  o . 4  0 . 9  0 . 3  0.9 

0 . 1  0 . 1  

o . 8  1 . 8 

0.2 

o.4  0 . 1  o . 4  

0 . 1  

0 . 3  o . 6  

0 . 2  0 . 1  0 . 2  

0 . 1  

0 . 1  

0 . 3  0 . 3  o . 6  0 . 1  o .  7 

0 . 1  0 . 1  o . 4  0 . 1  

0 . 1  

0 . 1  0 . 1  

0 . 3  0 . 2  0 . 2  0 . 2  

0 . 1  0 . 2  o . 8  o . 6  

0 . 2  0 . 2  0 . 2  0 . 3  0 . 2  

0 . 1  0 . 1  

0 . 1  

0 . 1  

0. 1 0 . 2  0 , 1  1 2 . 5  

0 . 1  0 . 1  

0 . 1  

0 . 3  1 . 8  9 . 0  1 . 1  1 . , 

0 . 2  0 . 5  

0 . 1  0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 2  0. 1 

0 . 1  

o,8. 0 . 2  0 . 2  1 . 6 

0 . 2  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 3  

sub-group 

7 

0 . 5  1 . 9 

0 . 1  0 . 7  

2 . 7  

0 . 1  

0 . 3  0 . 3  0 . 1  

o . 4  0 . 1  0 . 1  

0 . 1  

0 . 1  

1 . 2  6 . 6  9 . 2  

1 . 6  o . 4  1 . 2 

0 . 1  0 . 3  

0 . 2  0 . 1  

0 . 3  0 . 9  

0 . 1  0 . 1  0 . 1  

0 . 1  

0 . 3  0 . 2  0 . 5  

0 . 1  

11 ,0 1 . 0 0.4 

0 . 3  

0 . 1  

0 . 2  

0 . 1  0 . 9  0 , 1  

0 . 1  0 . 1  

3 . 8  5 . 0  4 . 5  

0 . 3  o . 6  0 . 3  

0 . 1  

0 . 1  o . 6  0 . 1  

o . 4  

1 . 2  

0.7 3 . 1  0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

sub-group c 

20 21  

1 . 1  o.6 

0 . 1  

0. 1 

0 . 2  0 . 2  

0 . 1  

0 . 3  0 . 2  

1 . 5 5 , 7  

1 .0 1 . 8 

0 . 1  

o . 4  o . 6  

0 . 2  

0 . 3  o . 6  

0 . 1  

0 . 1  

0 . 1  0 . 1  

0 . 1  

0 . 1  

0 . 2  

3 , 9  4 , 3  

0.9 0 . 2  

0 . 1  

0 . 1  0 . 1  

0 . 3  0 . 1  

o.4 

0 . 1  

0 . 1  

1 4  

2 . 0  

0 . 1  

0 . 2  

0 . 9  

1 . 5  

o . 4  

0-. 1 

0 . 1  

o . 4  

0 . 1  

0 . 5  

o . 8  

2 . 0  

0. 1 

0 . 2  

0 . 1  

o .  � 
3 . 1  

0 . 2  

0 . 2  

1 9 . 8  

0 . 1  

0 . 1  

7 5 



\VI, V A N  Z E I S T / H .  W O L D R I N G / D .  S T A P E R T

Tablc 1 . cont'd 

sub-group a sub-group b .sub-group c 

Sample numbers 37 1 3 12 9 6 7 36 20 21 14 

Plantago lanc e o l a t a - type 0 . 2  0 . 7 0. 5 o . 4 0 . 3  0. 7 0 . 5 1 6 . 4  2 1 . 5 55 .2 2 . 0  

Plantago major - type 0 . 1  

Plantago marit ima"·type 0 . 1  

Limonium - type 0 . 1  0 , 1  

Polygonum aviculare-type 0 . 1  0.2 

�umex a c e t osa-type 0 . 2  0 . 1  o . 4  2 . 2  0 . 1  0 . 3  9 . 9  o . 6  1 . 0  

Primula 0 . 1  

c f .  Caltha 0 . 1  

Ranunculus repens -type 0 . 1  0 . 1  0 . 1  o . 4 0 . 1  

Tha l i c t rum 0 . 1  0 . 1  0 . 2  

Sanguisorba miner-type 1 . 0 0 . 1  0 . 1  o . 8 0. 1 0 . 1  

Sanguisorba o f f i cinali s  0 . 1  

Galium-type 0 . 1  0 . 2  0 . 2  0 . 1  0 . 1  o . 4 o . 8 0 . 1  

Digitalis-type 0 . 1  

Melampyrum 0 . 1  

Rhinanthus-type 0 . 1  0 . 1  

Scrophularia-type 0 . 1  0 . 1  0 . 1  0 . 1  

Sparganium -type 0 . 1  0 . 7 0.2 0 . 3  o . 4  0 . 2  0 . 9  0 . 1  1 2 . 5  

Umbelliferae ind e t .  0 . 1  o . 8 0 . 2  0 . 1  o.6 0:2 2 . 1  0 . 2  0 . 1  0 . 3  

Dunium -type 1 . 6  o . 4 1 . 5 3 . 1  

Ferula -type 0 . 1  0 . 1  0 . 1  

Malabaila 0 . 1  0 . 1  0 . 1  

U r t i c a  dioica-type 0. 1 0.2 

Urtica p i l u l i fera 0 . 1  0. 7 

Valerianella 0 . 1  

Anthoceros laevis o .  1 
Botrychium 0 . 1  0 . 1  0 . 5 0 . 3  

Cheilanthes 0 . 1  

Dryopteris 0 . 1  0 . 1  0 . 2  0 . 2  0 . 1  0 . 1  0 . 1  o . 4

Isoetes 0 . 1  2 . 1  0 . 2  

Polypodium 0 . 1  0 . 1  1 . 6 

Pteridium 0 . 1  0 . 1  0 . 1,  o . 4  0 . 1  0 . 2  

P t e r i s - type 0 . 1  

c f .  Sphagnum 0 . 1  

Pollen sum 1•11 7 1251 1260 2932 1226 1224 2868 1496 1906 1646 2605 





\V. V A N  Z E I S T / H .  W O L D R I N G / D .  S T A P E R T

Table 2 . Surface-samplc spcctra from the Upper Eu-Medircrranean zone. 

s u b - g r o u p  a 

Samp l e  num b e r s  3 4 5 1 1 1 5 32 45  50  

L AP 83 . 5  84 . 3  86 . 5  90 . 1  59 . 0  9 1 . 6  97 . 1 96 . 3  

A b i e s  0 . 1 

Ac er 0 . 1  

Alnua 0 . 1  o . 4 0 . 2  1 . 0 

Arbu t u s  

B e t u l a  0 . 1  0 . 1 

C a r p i nus b e t u lus 

C a st a n e a  o . 4 0 . 3  

C a suar i na 

C e drus 0 . 1  0 . 1  

C e rat o n i a  0 . 1  

C i t ru s  0 . 1  

Cornus 

Corylus 0 . 1  

C o t i nus 0 . 3  

C r a t a e gu a - t y p e  0 . 1  

Daphne 0 . 1  0 . 1 0 . 1  

E u c a l y p t u s  0 . 1  0 . 1 0 . 1  

Frax i nus exc e l s i o r - t y p e  0 . 3  0 . 1 

Frax inus o rnus 0 . 3  

G e n i s t a - t y p e  0 . 1  

H e d e ra 

Juglans 0 . 2  0 . 1  0 . 1 o . 4 0 . 3  

J u n i p e rus o . 4 1 . 0 0 . 2  0 . 2  0 . 2  o . 6 3 . 0  

L i q u i dambar 0 . 1  0 . 1  

c f . Loran t h u s  0 . 1 

M o rus 0 . 5  

M y r t u s  

O l e a  7 , 3 1 3 . 3  1 3 . 4  2 . 0  1 . 1 1 .  9 1 • Lf o . 8

O s t rya/C a r p i nu s  o r i e nt a l i s  0 . 1 0 . 1  0 . 1  

Pal i u r u a  

Phyllyr ea/Fo n t ane s i a  o . 6 1 .  3 0 . 2  0 . 1  5 . 8  0 . 1  2 .  1 1 . 5 

P i nus 69 . 8  4 6 . 5  54 . 2  8 1 . 7 2 5 . 7  7 6 . 4  84 . 7  86 . 1

P i s t ac i a  1 . 0 0 . 9  1 .  9 o . 6 5 . 0  0 . 1 0 . 5  o . 6

Platanus 0 . 5  1 . 5 0 . 2  1 .  4 0 .  1 0 . 1  

Populus 

Prunu s - t y p e  

Que r c u s  c a l l i p r i n o s - t y p e  2 . 6  1 6 . 2  1 5 . 4  2 . 0  1 6 . 6  2 . 6 3 . 6  2 . 0  

78 Que r c u s  c e r r i s/ i n f e c t o r i a- t y p e  1 • 1 4 .  1 1 . 8 0 . 2  1 .  9 6 . 6  0 . 5  1 . 3 



Late quaternary vegetation and climate af southwestern Turkey 

s u b - g r o u p  b s u b - g r o u p  c 

2 1 6  1 8  46 47 1 7  1 9  22 25 5 1  52 

5 8 . 5  6 1 . 0  87 . 8  93 . 7  8 8 . o  7 2 . 9  8 1 . 1  55 , 9  30 . 1  65 . 5  85 . 2  

o . 6 0 . 3  

0 . 2  0 . 1  0 . 2  0 . 1 0 . 2  0 . 1  0 .  1 0 . 1 0 . 2  o . 6

0 . 7  0 . 1  0 . 3  0 . 1  

0 . 1  

0 . 1  0 . 1  0 . 1 

0 . 1  

0 . 1  0 . 2  0 . 7  

o . 4 0 . 1  0 . 1 

o . 6

0 , 2  

0 . 1  0 . 1  0 . 1  0 . 1  

0 . 2  0 . 1  0 . 2  0 . 5  

0 . 3  1 . 3 0 . 1 

0 . 1  0 . 1  

0 . 1  

3 , 9  0 . 1  0 . 3  

0 . 1 0 . 1  0 . 1 0 . 1

0 . 1 

0 . 2  0 . 2  0 . 1 0 . 1 0 . 1 1 1 . 8 0 . 1 0 . 2  6 . 4  

0 . 5  1 .  6 0 . 2  3 , 5  5 , 9 0 . 1 0 . 5  0 . 1  6 . 5  5 . 6  

0 . 1  0 . 1  0 . 7  

0 . 2  

0 . 1 0 . 1 

5 . 2  5 . 0  5 . 2  2 1 . 0  4 . 7  5 , 9  5 . 6  20 . 2  0 . 5  1 . 0 o . 8

0 . 1  0 . 2  0 . 1  o . 6 o . 4

0 . 1 0 . 5  0 . 1  

1 7 , 5  1 . 4 0 . 2  1 9 . 4  1 9 . 4  0 . 2  1 . 4  0 . 3  0 . 1 2 . 2  2 . 6  

12 . 9  2 6 . 2  39 . 0  22 . 8  27 . 6  49 , 3  2 6 . 3  3 , 2 2 5 . 3  42 . 2  47 . 3  

1 . 4 0 . 7  o . 8 7 . 1 0 . 7  0 . 3  1 . 7 0 . 1  1 . 2 2 . 0  

0 . 1  0 . 2  0 . 1  0 . 2  1 . 0 0 . 2  1 0 . 6  0 . 3  0 . 2  0 . 1  

0 . 1  

0 . 2  

1 1  • 1 22 . 7  40 . 4  20 . 5  1 8 . 2  1 2 . 6  4 4 . o  4 . 4  2 . 3  4 . 9 1 3 . 9  

8 . o  1 , 9 1 .  3 0 . 7  1 . 6 2 . 1  2 . 1  1 . 9 0 . 7  3 , 3 3 , 4 79 



w .  V A N  Z E I S T/ H. W O L D R I N G / O .  S T A P E R T  

Table 2 . cont'd 

.sub-group u 

Samp l e  numbe r s  3 4 5 1 1  1 5  32 45  50  

Rhamnus 0 . 1  0 . 1  

Rhu s 0 . 1  

S a l i x  0 . 1  0 . 1  0 . 1  

Sambu c u s  

S p ar t i u m  0 . 3  0 . 2  

S t yrax 0 . 1 0 . 5  0 . 1  

Tamar ix o . 4

Taxus 0 . 1  

T i l i a 0 . 1

U l  mu s 0 . 1  0 . 1 0 . 1  0 . 1  

V i t  ex 

V i t i s  0 . 1 0 . 1 

L: NAP 1 6 . 5  1 5 . 7  1 3 . 5  9 . 9  4 1 . 0  8 . 4  2 . 9  3 . 7  

A l i sma 

C a l l a  

A n c h u s a - t y p e  0 . 1 

E c h i u m - t y p e  0 . 2  

H e l i o t r o p ium- t y p e  0 . 1

Bu t om u s  0 . 1 0 . 1  

C ampanu l a.- t y p e  0 . 1  0 . 1 

Jas i o n e - t y p e  0 . 2  

Humul us/Cannab i s  0 . 3  

C aryophy l l a c e a e  i n d e t . 0 . 3  0 . 3  0 . 1 0 . 2  0 . 1  

S p e r g u l a  arvens i s  0 . 1  

S p e r gul a r i a  0 . 1 

C e n t au r i u m  0 . 1  

C h e n o p o d i a c e a e  i n d e t . 1 • 1 1 . 4 0 . 5  0 . 1  0 . 1  o . 8 0 . 3  0 . 3  

A e l l e n i a- t y p e  0 . 1  

N o a e a - t y p e  

C i s t u s  0 . 5  0 . 5  0 . 2  1 .  8 

H e l iant h e mum 0 . 3  0 . 1  0 . 1 0 . 1 

A r t e m i s i a  0 . 2  0 . 7  0 . 3  0 . 1  0 . 1 1 . 3 0 . 2  o . 4

C a r t h amu s - t y p e  

C e n t a u r e a  c y a nu s - t y p e  0 . 1  0 . 1 

C e n t a u r e a  s c a b i o s a - t y p e  

C e n t au r e a s o l st i t i a l i s - t yp e  0 . 2  0 . 3  0 . 1 0 . 2  0 . 1  

C i r s i u m - t y p e  0 . 1 0 . 1 0 . 1 

C o u s i n i a  

80  F i l ago - t y p e  0 . 1 



Late quatemary vegetation and climate of southwestem Turkey 

s u b - g r oup b sub-group c 

2 1 6  1 8  4 6  47 1 7  1 9  22 25 5 1  52 

0 . 2  0 . 1  

0 . 2  

0 . 2  0 . 1  0 . 2  0 . 3  

0 . 1  0 . 1  

0 . 2  0 . 1  

0 . 1  0 . 1  0 . 1  

0 . 2  o . 8

0 . 1 0 . 1  0 . 2  0 . 2  0 . 1  0 . 1 0 . 1 

0 . 1  

0 . 1  0 . 1  0 . 1  0 . 1  

4 1 . 5  39 . 0  1 2 . 2  6 . 3  1 2 . 0  2 7  . 1  1 8 . 9  44 . 1  69 . 9  34 . 5  1 4 . 8  

0 . 1 

0 . 1 0 . 1 o . 6 0 . 3  

0 . 1 

o .  1 0 . 3  

6 . 0  0 . 3  0 . 1 0 . 1  

0 . 1  0 . 1  0 . 1  o . 4

0 . 1 0 . 2  o .  1 o . 8 0 . 1  0 . 5  0 . 1  0 . 2  1 . 3 0 . 1  

0 . 1  

0 . 5  o . 4 o . 6 0 . 1  o . 4 o . 8 0 . 2  0 . 2  1 • 1 o . 6 o . 6

0 . 1 o .  1 0 . 1  

0 . 1  o .  1 1 .  9 0 . 2  

2 . 4  0 . 1  0 . 2  

o . 6 0 . 5  0 . 1 0 . 2  0 . 2  0 . 1  0 . 7  1 .  3 1 . 0  

0 . 1  
0 . 1  0 . 1 

0 . 2  

o . 6 0 . 2  0 . 1  o .  1 o .  1 o . 6 0 . 1  

o .  1 o .  1 0 . 7  0 . 1  0 . 2  

0 . 1  

8 1  



w .  V A N  Z E I S T/ H .  W O L O R I N G / O. S T A P E R T  

Table 2 cont'd 

s u b- gr o u p  a 

Sampl e  num b e r s  3 4 5 1 1 1 5  32 45 50 

G u nd e l i a - t y p e  

J u r i n e a  - t y p e  0 . 1  0 . 1 

L i gu l i f l o r a e  i n d e t . 1 .  7 0 . 9  0 . 5  1 . 8 2 . 5  0 . 1  0 . 1  

M a t r i c a r i a - t y pe 0 . 1 o . 4 o . 4 2 . 8  0 . 3  0 . 1  

S c o r z o n e r a - t y p e  

S e n e c i o - t y p e  o . 4

T u bu l i f l o ra e  i n d e t . o . 4 o . 4 0 . 2  0 . 2  0 .  1 0 . 1  

Xant h i um 0 . 2  0 . 2  0 . 1  

C o n v o l v u l u s  

C r a s s u l ac e a e  0 . 1  

Bras s i c a - t y p e  0 . 2  o . 4 0 . 2  0 . 2  0 . 5  o . 6 0 . 3  

C a p s e l l a - t y p e  0 . 1  

Cyno c ra m b e  

C y p e r ac e a e  0 . 2  1 • 1 o . 4 0 . 2  o . 8 0 . 5  

Dat i s c a  

D i p s a c u s  - t y p e  

Knau t i a - t y p e  0 . 1  

E p h e d r a  f r ag i l i s - t y p e  0. 1 o. 1 0 . 1  

E r i c a c e a e  5 . 2  0 . 9  0 . 1 0 . 2  1 4 . o  0 . 3  

Euph o r b i a  0 . 1  0 . 1 

M e r c u r i a l i s  

E r o d i u m  

G e ranium 0 . 1  0 . 2  

G r a m i n e a e  i n d e t . 2 . 8  2 . 8  3 . 6  1 . 5 1 . 2 1 .  5 o . 6 0 . 9  

C e r e a l i a - t y p e  0 . 1  o . 8 0 . 1 0 . 1  

S e c a l e  0 . 1  

Z e a  may s 0 . 1  

H y p e r i c u m  a s s y r i anum- t y p e  

Hy p e r i c um p e r f o r a t u m - t y p e  0 . 2  o . 4 0 . 3  0 . 5  

G l a d i o l u s  

S t a c h y s  - t y p e  0 . 1 

Thymu s - t y p e  0 . 2  0 . 1 

L e g um i n o s a e  i n d e t . 0 . 3  2 . 3  0 . 9  0 . 5  1 .  3 0 . 1  0 . 1  

Lo t u s - t y p e  0 . 2  

T r i fo l i um - t y p e  0 . 2  0 . 1 0 . 1 1 • 1 2 . 4 0 . 1  0 . 1  

V i c i a - t y p e  1 .  3 

L i l i a c e a e  i n d e t . 0 . 2  

A l l i u m  

82 A sparagu s - t y p e  0 . 1  



Late quaternary vegetation and climate of so1,1thwestern Turkey 

sub-group b s u b - gr o u p  c 

2 1 6  1 8  46  47 1 7 1 9  22 2 5  51  52  

0 . 1  

1 . 3 6 . 4  0 . 9  o . 4 o . 6 7 . 2  0 . 3  0 . 7  1 2 . 0  1 0 . 0  0 . 3  

o . 4 1 . 5 0 . 5  0 . 1  o . 6 o . 4  0 . 9  o . 6 1 .  6 1 .  4 0 . 2  

0 . 1  

0 . 1 0 . 1  0 . 1 0 . 1  0 . 1 0 . 1  

o . 4 0 . 7  0. 1 0 . 3  o . 4 o . 4 o . 8

0 . 2  0. 1 0 . 1  0 . 1  

0 . 1  

1 . 0 

0 . 1  1 . 3 0 . 9  1 .  8 o . 8 o . 4 3 . 8  0. 1 4 . 6  2 . 1  1 0 1 

0 . 1  

0 . 1 

0 . 9  o . 6 0 . 2  0 . 2  1 . 0 0 . 1  0 . 1  7 , 3 

0 . 2  

0 . 1  

o .  1 0 . 1  0 . 1  

1 0 . 6  0 . 2  0 . 1  0 . 3  0 . 1  

o .  1 0 . 2  0 .  1 0 . 1  

0 . 1  

0 . 1 

o .  1 o . 4

1 1 . 6 1 5 . 6  3 . 5  1 .  7 2 . 7 6 . 3  2 . 1 35 , 7 4 . 1 6 . 9  3 . 4  

0 . 1  1 . 0 0 . 2  0 . 5  1 . 4  o . 4 0 .  1 0 . 5  1 .  8 1 . 9 

0 . 2  0 . 1  

0 . 1  

0 . 1  

0 . 9  0. 1 0 . 1 

0 . 1  

0 . 1 0 . 1 0 . 7  0 . 1  0 . 1  

1 .  2 0 . 3  0 . 3  0 . 1  o . 8 1 .  0 0 . 7  0 . 1  0 . 1  

0 . 3  0 . 1 

0 . 2  0 . 5  0 . 7  0 . 1  1 . 8 0 . 5  0 . 2  0 . 1 

1 . 8 0 . 1 

0 . 1  

0 . 1  

0 . 2  0 . 2  0 . 1 0 . 1  8 3  



W. V A N  Z E I S T / H .  \'il O L O R I N G / D . S T A P E R T  

Table 2 .  conr'd 

s u b- group a 

Samp l e  n u m b e r s  3 4 5 1 1  1 5  32 4 5  50 

Asph o d e l u s  0 . 1  0 . 1  

M a i an t h e mu m - t y p e  

S c i l l a - t y p e  0 . 1 

L i p p i a  0 . 1  

Lythrum 0 . 1  

M e ny a n t h e s  

Nympha e a  0 . 1  0 . 1  

Papav e r  0 . 1  

P l a n t ag o  i n d e t . 

P l a n t age l a n c e o l a t a - t y p e  o . 4  o . 6  0 . 7  0 . 2  o . 6  o . 8  0 . 2  o . 4

Plant age m a j o r - t y p e  

P l a n t age m e d i a - t y p e  0 . 1 

L i m o n i um - t y p e  

P o l y g o num a v i c u la r e  0 . 1 0 . 1  

Rum e x  a c e t o s a - t y p e  0 . 3  o . 4  1 • 1 0 . 1  0 . 3  0 . 1  0 . 1 

C y c l a m e n  

A n e m o n e - t yp e  0. 1 0 . 1  1 . 2 

c f .  C a l t h a  0 . 1  

N i g e l l a  0 . 1 

Ranunc u l u s  ind e t . 

Ranunc u l u s  a r v e n s  i s  

Ranunc u l u s  a s i a t i c u s  0 . 1  

Ranunc u l u s  r e p e n s - t y p e  0 . 1  3 . 5  0 . 1  

Thal i c t ru m  0 . 3  0 . 1 

R o sa c e a e  i n d e t . 

F i l i p e nd u l a  

Sang u i s o r ba m i n o r - t y p e  o . 4 0 . 3  1 . 9 0 . 2  0 . 1  

Gal i um - t y p e  0 . 1 0 . 5  0 . 3  0 . 1  0 . 1  

Sax i fraga h i r c u l u s - t y p e  

A n t h i r r h i num- t y p e  

M e lampy rum 

R h i nanthus-t y p e  0 . 1  

S c r o phu l a r i a - t y p e  o . 4  

S o l anum d u l c amara 0 . 1 

S p arganium- t y p e  0 . 1  0 . 3  0 . 1  o . 6  0 . 2  0 . 3  o .  1 

Umbe l l i f e ra e  i nd e t . 0 . 5  0 . 2  0 . 3  0 . 3  o .  1 0 . 1  

A n i s o s c i a d i um 

84 B u n i um- t y p e  0 . 1  o .  1 o . 6 0 . 1  



Late quaternary vegetation and cLimate of sortthwestem Turkey 

sub-group b c u b-group c 

2 1 6  1 8  46 47 1 7  1 9  22 2 5 5 1 52 

0 . 1  

0 . 1 
0 . 3  

0 . 1  0 . 1  
0 . 5 

0 . 7  2 . 8  2 . 6  o . 4 o . 6 1 .  2 0 . 5 0 . 2  3 1 . 5 2 . 3  1 . 4 
0 . 1 
0 . 1  

0 . 1  
0 . 2  0 . 2  

0 . 5 0 . 2  o . 6 0 . 2  1 • 1 2 . 5 0 . 2  0 . 2  
0 . 1  0 . 1 

0 . 1  
0 . 1  

0 . 1 
0 ,  1 

o .  1 0 . 1 0 . 1  0 . 1  o . 4 0 . 1  0 . 2  
0 . 1 0 . 1  0 . 2  0 . 1 

0 ,  1 

0 . 3  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  
0 . 2  1 .  2 0 . 2  0 . 3  0 . 1  1 . 5 0 . 1 0 . 1  0 . 2  0 . 2  

0 . 2  
o . 4

0 . 1  
0 . 2  0 . 1 

0 . 1  0 . 2  

o . 4 0 . 2  0 . 2  0 . 3  0 . 2  0 . 3  0 . 1  0 . 2  0 . 1 
o . 8 3 . 5 0 . 3 0 . 1  0 . 7  1 .  8 0 . 5 0 . 1  1 .  0 o . 4 1 • 1 

0 . 1 o . 4
o . 8 o .  1 o . 8 0 . 2  0 . 2  0 . 5 0 . 1  8 5  



\YI. V A N  Z E I S T/ H .  \Y/ O L D R I N G / O. S T A P E R T 

Tablc 2. cont'd 

s ub-group a 

Samp l e  numbers 3 4 5 1 1 1 5 32 45 50 

F e r u l a - t y p e  

M a l a b a i l a  0 . 1  

Urt i c a  d i o i c a- t yp e  

Bo t ry c h i um 0 . 1  

C h e i l ant h e s  

Dryopt e r i s  0 . 1  0 . 1 

O p h i o g l o s s u m  

Pt e r i d i um 0 . 2  0 . 1  1 .  6 0. 1 0 . 3  0 . 2  
P t e r i s - t y p e  1 . 2 

P o l l e n  sum 1 24 8  709 1 34 2  896 1 7 1 4  800 1 54 8  1 387 

86 



Late quaternary vegetation and climate of southwestern Turkey 

sub-group b sub-group c 

2 1 6  1 8  46  47  1 7  1 9  22 25 51 52 

1 . 0 

0. 1 0 . 1  0 . 1  0 . 5  0 . 1  

0. 1 

0 . 1  0 . 1  

0 . 1 0 . 3  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1 0 . 1  o . 6

0 . 1  

0 . 1  0 . 1 0 . 2  0 . 1  0 . 2  0 " 3  0 . 1  0 . 5  0 . 1  

2 3 1 5  1 1 44 1 2 47 1 07 3 982 927 1 1 4 8  1 572 1 472 1 2 55 1 397 



Tablc 3.  

8 8  

\VI .  V A N  Z E I S T / H .  \V/ O L D R I N G / D. S T A P E R T

Surfacc-samplc spcctra from thc Oro-Meditcrranean pine forest arca. 

S a m p l e  numbers 

L AP 

A b i e s  

A c e r  

Alnus 

Arceuthobium 

Betula 

Carpinus b e t u l u s  

C a s t a n e a  

Cedrus 

C e r a t o n i a  

C i t ru s  

Cornus 

Corylus 

C o t o n e a s t e r  

Crataegus-type 

Daphne 

Fa gus 

Fraxinus exc e l s io r - t y p e  

F r a x i n u s  ornus 

G e n i s ta-type 

H e d e r a  

Jasminum 

Juglans 

Juniperus 

Liquidambar 

Morus 

O l e a  

Ost rya/C arp i n u s  o r i c il t a l i s  

Paliurus 

Ph i l  ly rea/Fo n t a n e s i a  

P i c ea 

P i n u s  

P i s t  ae ia 

Platanus 

Prunus - ty p e  

Populus 

Quercus c a l l i p r i nos-type 

Quercus c e rr i s/ i n f e c t o r i a - type 

Rhamnus 

Rhus 

Rubus - t y p e 

Sal ix 

Spartium 

Styrax 

Tamerix 

Taxus 

T i l i a  

Ul mus 

V i scum 

V i t  ex 

Vi t i s 

L NAP 

Calla 

Cynoglossum - t y p e 

Echium -type 

Symphytum - type 

Humulus/Cannabis 

sub-group a 

1 0  27 30 23 

9 3 . 1  78.0 89.9 87 , 7  

3 . 9  0 . 1  

0 . 1  

0 . 2  

0 . 1  

0 . 3  0 . 1  0 . 3  

0 . 1  

o . 6 0 . 1 

0 . 2 

0 . 1  0 . 3  0 . 1  

0 . 2  5 . 2  2 . 2 0 . 5 

0 . 2  

1 . 3 0 . 1  o. 6 1 . 1 

0 . 1 

0 . 1  

0 . 2  

80 . 5  

0 . 3 

2 . 4  

58. 8 82 . 3 81 . 9 

0. 11 0 . 3 

3 . 6  0 . 7 

0 . 2  1 1 . 4 

1 .  7 2 . 4  

1 . 7 0 . 9  

0 . 1  

0. 1 

0 . 1  

6 . 9  22.0 1 0 . 1  1 2 . 3  

0 . 1  

0 . 1  0 . 7  

sub-group , c  

2 8  29 26 48 35 

7 3 . 3  62 . 8  60 . 4  6 3 . 9  5 6 . 6  59 . 4  4 9 . 9  

0 . 1 0 . 1  0 . 1  

0 . 1  0.7 

o . 6 0 . 1  

0 . 1  

0 . 2  

0 . 1 0 . 1  

0 . 1  0 . 1  

0 . 1  

0 . 1  

0 . 1  o . 4 0 . 1 

0 . 1  0. 1 

0 . 1 

0 . 1  

0 . 1 

0 . 1  

0 . 9  0 . 3  0 . 1  

0 . 1  

0 . 1  o . 6 0.1, 

0 . 1 

0 . 1  

0 . 1  

o.4 

o.6 0 . 3  

1 . 7 1 . 9 0 . 3 

0 . 1  0 . 3  

o . 8 1 . 3 0 . 3  

0 . 1  

o . 4

56 . 4 36 . 3 

o . 4 0 . 2 

0 . 3 0 . 3 

0 . 3 0 . 1  

11 8 . 2 

o . 6 

0 . 2  

0 . 1  

0 . 3  

0. 1 0 . 1  

0 . 1  0 . 1  

0 . 1 

o . 8 0 . 3  1 . 0  o . 6 

9 . 1  7 . 2 o . 8 2 . 9 

0 . 1 

1 . 6 1 . 1  o.4  0 . 2 

0 . 3  0 . 1  0 . 2 0 . 2 

2 . 7 1 . 5 o . 4 0 . 2 

0 . 1  0 . 1 

34 , 3 33 . 1 42. 5 37 . 6 

1 . 0 0 . 9 0. 2 o. 6 

0 . 9 0 . 5 0. 2 

0 . 1 

0 . 1 

5 . 2 1 6 . 1 4 . o 7 , 8 

11 : 1  2 . 0 1 . 7 3 , 5 

0 . 1 o . 4 

8 . o 3 . 8 3 , 5 

1 . 8 1 . 6 2 , 11 

0 . 2  

2 . 5 0 . 2 4 . 6  0 . 7 0 . 1 

0 . 1  

6 . 1 0. 2 

0 . 1  0 . 1 

0 . 1 0 . 2  

0 . 1 0 . 1 

0 . 1  

0 . 1  

0 . 2 0 . 2 

0 . 1 

0 . 1 

0 . 1  

0 . 1 

26 . 7 37.2 39 , 6 36 . 1 •1 3.4 40 . 6 50 . 1 

0 . 1  

0 . 1 o. 4 

0 . 5 

0 . 3 0 . 1 0 . 1 

0 . 1  0 . 3  3 . 7  0. 5 5 , •1 

33 44 24 

7 1 . 6  82 . 7  58 . 8 

0 . 2  

0 . 3  

0 . 1 

1 . 8 

0 . 2 

0 . 2 

0 . 1  

2 . 6 

0 . 3  

0 . 2 

0 . 1 

0 . 1  

0 . 1 

0 . 1 0 . 1 

1 3 . 3 34 . 1 0 . 3 

o . 6 0 . 5 2 . 1 

0 . 7 0 . 1 

1 . 3 0 . 1 

33 . 1 

0 . 7 
1 . 9 

7 . 2 
9 , 6 

0 . 1 

0 . 1 

0 . 1 

4?. . 1 

0 . 1 

0 . 1 

1 . '; 
o . 8 

47 . 7 

O . ?. 
0 . 2 

6 . 1 

0 . 1 

0 . 2 

28 . 4 1 7 . 3 4 1 . 2 

o . ·1 



Table 3. cont'd 

G a m p l e  numbcrs 

Campnnulaceae i n d et . 

J a s i o n e - t y pe 

Caryophy l l a c c a e  i n d e t .  

Spergu l a r i a  

Chenopodiaceae i n d  e t .  

J{oae a - t y p e  

C i s  t u s  

!tel i a n t h emur:i 

A r t em i s i a  

C e n t a u r e a  c y a n u s - t y pc 

C e n t a u r e a  o c a b i o s a - t.i'pe 

C e n t au r e a  sols t i t i a l i s - t �/ P t?  

C i rs i um- t y p c  

C o u s i n i a  

Gun d c l i a - t y p "'  

L i  gul i f l o r ae i n d  e t . 

M a t  r i c ar i a- t y p e  

Onopordon- t y p e  

S c o r zonern- t y p e  

S e n e c  i o- t y  p e  

·rubu l i fl o ra e  i n d e t .  

X a n t h i um 

Convol v u l u s  

C r a s s u l a c e a e  

B r a s s i c a - ty;1e 

C n o s e l l a - t y p e  

C y p e ra c � :l e  

Dat i.:i c a  

K n i:i u t i a - type 

I:. n h e d r.:i J i s t ach:; a - t y p e  

r. phcdra f r n r- i l i s - t :rpe 

E r i c a c e ae 

Euphorbia 

G e r a n i u m  

G r a m i l l (" EI C  i n tl c t , 

C e r c a l i a - t y p e  

S c c a l e  

Z e a  mays 

J:yriophyllum 

H y p e r i c u:n p e r fo r a t um - t y p e  

S t a c h y s - t y p e  

Thymus-type 

Leguminosae i n d  e t .  

A s t  raga l u s - t : n.- c  

Lo t u s - t y p e  

O n o  brych i s - t y p e  

T r  i f o l  i um- t :n:  e 

V i c i a- t y pc 

Asparagus-type 

Asphod e l i n e  

C o l c h  i c u m  

F'umn r i a  

Papa v e r  

Plantago l a c eola t a- t y p e  

P l a n t ago major-t:rpe 

Late q1,1a ternary vegetation and climate of so1,tthwestem Turkey 

10 

su b-croup a 

27 30 

0 . 1 0 . 1 

23 

0 . 1  

0 . 3 1 . 0 0 . 11 

0 . 2 0 . 1 

0 . 3 0 . 3 0 . 1 

2 . 5 1 . 3  0 . 3  

0 . 1 

o . 7 0 . 11 0 . 3 0 . 1 

0 . 1 

1 . 3 0 . 1 1 . 8 0 . 1 

0 . 2 0 . 3 0 . 3 0 . 2 

0 . 2 0 . 3 0 . 1, 

0 . 1 

1 . 2 0 . 5 0 . 1 

0 . 3 2 . 8 0 . 3 

1 . 6 

0 . 1 

0 . 1 

0 . 1 

0 . 2 

0 . 1 

3 , 0 

1 , 5 

1 . 3 

1 . 0 

0 . 3 0 . 11 

0 . 1  

7 . 6 

0 . 1 

0 . 9 

0 . 1 

0 . 1 

0 . 2 2 . 7 1 . 2 0 . 3 

28 29 

sub-Group c 

26 4 8  

0 . 9 0 . 1 

35 

1 . 3 0 . 1 0 . 9 

0 . 7 0 . 9 0 . 9 1 . 4 o . 8 2 . 5  1 . 0 

0 . 1 

1 . 0 2 . 3  o . 6  11 . 5  2 . 9  1 . 9 2 . 6  

0 . 1 

0 . 2  0 . 1  

o . 7 1 . 2 7 . 7 0 . 3 0 . 3  0 . 5  o . 6  

o . 7 o . 6 0 . 3 0 . 1 0 . 1  o . 6 

0 . 1 

o . 4 

o . 4 1 . 1  

0 . 1 

o . 6 

o . 6 0 . 5 

2 . 0 1 . 7 

0 . 1 

4 . o 2 . 4 

3 . 9 1 . 8 

2 . 5 

3 . 2 

0 . 1 0 . 4 0 . 3 0 , 1  

0 . 1 

0 . 5 0 . 1 

0 . 3 0 . 11 0 . 5 

o . 4  0 . 7 

0 . 1  

0 . 2 

o . 4 2 . 8 

0 . 1 0 . 1 

2 . 2 

1 5 . lt 

o . 4 

0 . 7  

0 . 1 

0 . 1 

0 . 1  

1 0 . 9 

6 . 3 

0 . 1 

0 . 3 

0 . 1  

1 . 4 0 . 7 2 . 4  1 . 9 

0 . 1 0 . 2 0 . 1  

0 . 9 0 . 7 0 . 2 1 . 2 1 . 5 

0 . 1 

0 . 3 0 . 1 

8 . 6 1 4 . 2 

6 . 8 1 . 3 

0 . 1 

0 . 3  

0 . 1 

0 . 1  

1 1 . 1 

2 . 1 

0 . 3 

0 . 1 

0 . 1 

0 . 2 

0 . 1 0 . 1  

0 . 2 

o . 6  

8 . 6  1 9 . 2  

3 . 7  3 . 2 

0 . 7 0 . 5 

0 . 1 

0 . 11 0 . 1 0 . 2  0 . 3  0 . 1  o . 4  

0 . 1  0 . 1  

0 . 1  

0 . 1  

0 . 1  

1 . 1  1 .  7 

0 . 1  

o . 6 

0 . 5  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

1 . 7 0 . 1 0 . 1  0 , 5  O . lt  

1 . 7 1 . 4 1 1 .0 1 . 3  2 . 5  

0 . 1 

33 4 4  24 

0 . 1  

0 . 1  0 . 3  0 . 1 

0 . 1  

1 . 7 0 . 3  o . 6  

0 . 3  0 . 1 

1 . 4  

1 . 4 

1 . 1, o . 4  0 . 2  

0 . 3  0 . 2  

0 . 1  0 . 3 0 . 2  

0 . 4  

4 . 2  0 . 3  

1+ . 3  0 . 3  

o . 8 

0 . 1  

O .  I 

0 . 1  

0 . 1 

o . 8 0 . 5 1 . 8  

o . 4  

0 . 7 

5 . 0 1 0 . 5  

1 . 5 0 . 9  

0 . 7  0 . 3  

0 . 1  

0 . 3  0 . 1  

0 . 3 0 . 1  

0 . 7  

4 . 5  

0 . 2  

0 . 1  

0 . 2  

0 . 1  

1 . 6  0 . 3  0 . 9  



\VI .  V A N  Z E I S T/ H .  W O L D R I N G / D .  S T A P E R T  

Table 3 .  cont'd 

sub-group a sub-group c 

Sample numbers 10 27 30 23 28 29 26 48 49 35 34 33 44 24 

Plantago mar i t ima-type 0 . 1  

Limonium-type 0. 1 

Fagopyrum 0 . 3  

Polygonum aviculare-type 0 . 1  0 . 3  0 . 3  0. 1 0 . 2  0 . 1  0 . 2  0. 1 

Rum ex acetosa-type 0 . 1  0 . 3  o . 4 0 . 1  0 . 3  1 , 1  0 . 1  0. 5 0 . 2  0 . 7  1 . 7  

Anagal lis-type 0 . 2  

Anemone-ty p c  0 . 1  

Delphinium-type 0 . 1  0 . 1  0 . 1  0 . 2  

Nigella 0 . 3  

Ranunculus arvensis 0 . 1  

Ranunculus peltatus-type 0 , 1  

Ranunculus repens - t y p e  o.4 0 . 1  o.4  0 . 9  0 . 1  

Thal ic trum 0 . 1  0 . 2  0 . 1  

Rosaceae i n d c t .  0 . 3  

F i l ipendula 0 . 1  

Geum-type 0 . 1  

Pot ent i l  l a  ... type 0 . 3 0 . 1  

Sanguiaorba minor -type 0 . 1.  o . 4  0 . 1  0 . 1  o . 8 0 . 1  0 . 1  

Asperula - t y p e  0 . 1  

Gal ium - t y p e  1 . 2  o.4 0 . 2  o . 4  1 . 1  0 . 5 0 . 2  o . 4  

Rhinanthus " type 0 . 1  

!Jcrophularia-type 0 . 1  0 . 1  0 . 1  0 . 2  0 . 2  

Solanum dulcamara 0 . 2  

Sparganium ... type 0 . 1  0 . 1  0 . 1  0 . 3  0 . 3  0 . 3  0 . 1  0 . 1  0 . 7  o . 6 0 . 1  

Umbelliferae ind e t . 0 . 7  0 . 3  0 . 3  1 . 1  0 . 3  0 . 2  o . 6 0. 5 1 . 1  0 . 3  0 . 1  0 . 2  

Anisosciadium 0 . 1  0 . 2  

Bunium - t yp e  o.4 0.3 o� 1 o . 6 0 . 2  1 . 1  

Bupleurum -typc 0 . 1  0 . 1  o . 4 0 . 1  

=:ryngium - t y p e  0 . 1  0 . 1  0.7 

Ferul a - typc 0 , 1  

Malabaila 0 . 1  0 . 1  0 . 1  

Pimpinella - t y p e  0 . 3  

i.J r t i c a  dioiCa-type 0 . 1  0 . 2  

Valerianella 0 . 1  o . 4

Anthoceros l a e v i s  0 . 3  

Dry o p t e r i s  0 . 1  0 . 1  0 . 1  0 . 2  0 . 3  0 . 1  0 . 1  0 . 1  

c f .  Osmunda o . 4  

P t e r idium 0 . 1  o . 6 0 . 2  0 . 1  0 . 3  0 . 1  o.4  1 5 . 1  

P t e r i s  - t y p e  0 . 3  

Sphagnum 0 . 1  0 . 1  

Pollen sum 977 667 779 1490 7 1 2  1 126 351 1477 1 1 6'1 835 804 998 1 1 89 1231 



Late quaternary vegetation and climate of southwestern Turkey 

Tablc 4. Surface-sample spectra from rhe Oro-Mediterranean zone. 

Sample numbers 

L AP 

A b i e s  

A c e r  

A l  n u s  

Arceuthobium 

c f .  Berberis 

Betula 

Buxus 

Carpinus betulus 

Castanea 

Casuarina 

Cedrus 

Ceratonia 

C i t r u s  

Corylus 

Crataegus-type 

Daphne 

Eucalyptus 

Fraxinus exc e l s i o r- t yp e  

Frax i n u s  ornus 

G e n i s t a- t yp e  

Juglans 

Juniperus 

Juniperus sabina 

Myrtus 

Olea 

O s t rya/Carpinus o r i e n t a l i s  

Ph.i lly rea/Fon t a n e s  i a  

P i e  c a  

P i  n u s  

P i s t a c i a  

Platanus 

Prunus-type 

Quercus c a l l i p r i nos-type 

Quercus c e rris/ i n f e c t oria-type 

Rhamnus 

Hhus 

Ru bus-type 

Salix 

S t y rax 

Tamarix 

Taxus 

Ulmus 

V i t  i s  

L NAP 

Echium-type 

Hel i o t r o p i u m- t y p e  

Symphytum- t y p e  

Jasione - t y p e  

Humulus/Cannabis 

<;aryophyllaceae i n d e t .  

Chenopdiaceae indet . 

H e l i a n t h emum 

A r t e m i s i a  

C e n t au r e a  cyanus-type 

C e n t au r e a  scabiosa- t y p e  

C e ntaurea sol s t i t i a l i s - type 

Cedrus-Junip e r u s  forest 

39 40 

0 . 1  

0 . 2  

0 . 1  

0 . 1  

24 . 6  20 . 1  7 . 9  

0 . 1  

0 . 1  

0 . 1  

0 . 1  0 . 1  

0 . 1  

57 . 6  2 3 . 9  113 . 9  

0 . 2  0.5 0 . 2  

0 . 1  1 . 1  0 . 2  

0 . 1  0 . 1  0 . 2  

6 . 3  2 9 . 3  1 8 . 0  

0 . 2  0 . 5  o . 4

0 . 1  

3 . 5  1 3 . 2  1 7 , 7  

0 . 3 1 . 2 o . 6  

0 . 1  0 . 1  

0 . 2  

0 . 1  

0 . 1  

9 . 6  1 0 . 5  

0 . 1  

0 . 1  0 . 1  

0 . 1  

0 . 2  0 . 1  0 . 2  

0 . 2  0 . 11  0 . 2  

0 . 9  o . 8 0 . 3 

4 1  

d i sturbed 
ve_get a t ion 

42 

86.7 76.5 74 .4  

0. 1 0 . 1  

0 . 1  

0 . 2  

9 . 3  o . 8 2 . 2  

0 . 1  

0 . 1  

0 . 2  

0 . 1  

0 . 1  

1 . 9 

7 . 7  

0 . 2  0 . 3  0 . 5  

0 . 2  0 . 3  0 . 3 

0 . 1  0 . 3  0 . 3  

1 9 . 8  4 1 . 0  4 9 . 2  

0 . 1  0 . 2  0 . 11 

0 . 3  0 . 3  

3 7 . 2  7 , 5  7 . 2  

0 . 5  1 . 3 1 . 1  

0 . 1  0 . 3  3 . 0  

0 . 1  

0 . 1  

0 . 2  

0 . 1  

0. 7 0 . 3  0 , 5  

0 . 1  0 . 3  o . 6

0 . 2  

0 . 5  0 . 5  

0 . 1  o . 4

0 . 5  0 . 3  

0 . 3  0 . 1  

0 . 2  o . 6

Abies f o r � s t  

53 54 55 

92 . 9  90.0 82.9 

3.8  15.3  1 2 . 4  

1 . 4 0 . 1  0 . 1  

0 . 1  0 . 1  0 . 1  

0 . 1  

0 . 1  0 . 2  

0 . 1  

1 . 1  1 . 2  1 . 6 

0 . 1  

0 . 2  0 . 1  0 . 5  

0 . 1  

0 . 1  

3 8 . 4  4 7 . 11  

o . 4

0 . 1  

0 , 11 0 . 3  

0 . 1  

1 5 . 8  

2 . 0 3 . 4  2 . 0  

1 . 5 1 . 3 0 . 7  

0 . 1  

37 . 8  1 5 . 9  4 5 , 0  

1 . 0 0 . 5  1 . 0 

0 . 1  o . 4  0 . 5  

0 . 1  

1 . 7  o . 8  0 . 9  

3 . 1  2 . 11  1 . 9  

0 . 1  

0 . 1  0 , 1  

0 . 1 

7 . 1  10.0 1 7 . 1  

0 . 1  

0 . 1 0 . 1  

0 . 1  0 . 2  

0 . 1  

0 . 3  0 . 3  o . 4

0 . 1  

0 . 7  0 . 2  0 . 5  

0 . 1  0 . 1  

8 1 . 2  

2 . 1  

0 . 1  

0 . 1  

0 . 1  

2 . 8  

0 . 2  

23 . 3  

0 . 2  

o . 4  

o . 4  

4 3 . 1  

0 . 2  

0 . 2  

o . 4

t; . 8  

0 . 1  

0 . 1  

0 . 1  

0 . 1  

1 8 . 8  

0 . 1  

0 . 1  

o . 4

0 . 1  9 1  
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conr'd 

Sample numbcrs 

C i rs i u m - t y p e  

F i l a go - type 

L i g u l i f l or a e  i n d e t . 

Ha t r i c a r i a  - t y p e  

Scorzonera-typc 

S e n e c  i o - t y p e  

Tubul i f l o r a e  i nd e t . 

X a n t h ium 

Bras s i c a - t y p e  

C a p s e l l a - t y p e  

Cy p e r a c  e a e  

Scabiosa columbar i a - t y p c  

E p h e d r a  d i s t ac h y a - t y p e  

J:: phedra frag i l i s- t y p e  

E r i c a c e a e  

Euphorbia 

G e r a n i u m  

Gramineae i nd e : . 

C e r e a l i a - t y p e  

S e c a l e  

!-ty p e r icum p e r f o r a t u m - t y p e  

Lab i a t a e  i n d  e t .  

Phlomis 

Stachys- t :1p1C? 

T e u c r i u m  

Thymus- type 

Leguminosae i n d e t .  

Lotus-type 

Onobrych i s - t y p e  

T r i  fol i u m - t y p e  

V i c ia - t y pe 

L i l  i a c e a e  i n d e t .  

Asparagus-type 

Papa v e r  

Plantago lanc e o l a t a - t y pD 

Polygonum a v i c u l a r e - t y p e  

Rumex n c e t osn- l.'fpe 

PotamoReton 

Anemo n e - t y p e  

D e p h i n i um - t y p e  

Hanunculus r e p e ns - t y p e  

Hanunculus s c e l c ratus t y p e  

'j'h a l i c t rum 

Sanguisorba m i n o r - t y pe 

Gal ium- t y p e  

·rh e s i ur.i 

Sax i fraga oppos i t i fo l i a - t y p e

D i g i t a l i s -type 

R h  inanthus- t y p e

tic roph u l a r i a - t y p e

Spargan i um-ty p e  

Umbe l l i  ferae i n d  e t .

Bun iurr.-t,vpe 

Bupleurum - t ype 

i:ryng i u m - t Y N' 
Feru l a - l Y i' "  

!·!:ilaba i la
P i m p  i ne l l a - t::µe 

Turg e n i a

Cedrus-Juniperu::; forest 

38 39 40 

1 . 4 o . 11  0 . 5  

0 . 2  0 . 2  0 . 2 

0 . 2 0 . 1 

0 . 1  

0 . 2 0 . 5 0 . 5 

0 . 1  0 . 11  0 . 2 

0 . 1 0 . 1 

0 . 1 

0 . 1  0 . 1 0 . 1 

0 , 1 0 . 1 0 . 1 

1 . 9 1 . 8 1 . 1 

0 . 1 0 . 7 0 . 1 

0 . 1 

0 . 1 

0 . 3 0 . 2 0 . 2 

0 . 1 

0 . 1 

0 . 1 

0 . 2 o . 8 0 . 1 

0 . 1 0 . 2 0 . 2 

0 . 5 

0 . 1 0 . 1 

0 . 1 

0 . 1 0 . 1 0 . 1 

0 . 1 

0 . 1 0 . 1 

o . 4 0 . 2 0 . 3 

o . 8 
0 . 2 0 , 1 

0 . 1 

o . 1 0 . 1 

0 . 1  

0 . 1  

d i s turbed 
v e g e t a t i o n  

4 1  

0 . 1  0 . 3  0 . 7  

0 . 7  1 . 1, 2 . t+ 

2 . 3 1 . 2  2 . 4  

0 . 1  0 . 2  

1 . 8 0 . 3 o . 8 

0 . 2 0 . 11 0 . 5 

0 . 1 0 . 3  0 . 3 

o . 1 0 . 1 

0 . 1 

o . 1 

0 . 1 

5 . 0 '1 11 . 6 7 . 8 

0 . 1  1 . 6 1 . 1 

o . 8 0 . 2 

0 . 1 

0 , 1 

0 . 1 

0 . 1 0 . 2 

0 . 1 

0 . 1 0 . 5 

0 . 1 

0 . 1 

0 . 1 

0 . 3 0 . 1 1 . 0 

0 . 2 

0 . 1 

0 . 1 

0 . 1 0 . 1 

0 . 1 

0 . 1 

0 . 2 

0 . 1 

0 . 2 

0 . 1 

0 . 2 

o . 4 

0 . 1 

0 . 1 

0 . 3 0 . 2 

1 .  3 

1 , 2 

0 . 5 

0 . 1 

0 . 1 

0 . 1 

A b i e s  f o r e s t  

53 55 

1 . 2 0 . 1  

o . 4  2 . 1  

o . 4 0 . 1  

0 . 2  

o . 4

0 . 1  

0 . 1 0 . 2 0 . 1 

0 . 1 

o . 4 0 . 2 0 . 1  

0 . 1 0 . 1 

0 ,  1 0 . 3 0 . 2  

0 . 1 0 . 1 

0 . 1 o . 1 
2 , 3 2 . 9 6 . 6 

0 . 5 0 . 1 1 . 0 

0 . 1 

0 . 1 

0 . 1 0 . 1 

0 . 1 

0 . 1  

0 . 2 

0 . 1 

0 . 3 0 . 9 4 , 11 
0 . 1 

0 . 1 

0 . 1 0 . 1 

0 . 1 

0 . 1 

0:>1 

0 . 1 

0 . 1 

0 . 1 

1 . 3 
o . 6 

0 . 1 0 . 2 0 . 1 

0 . 1 

0 . 1 

56 

0 . 1  

1 , 9 

1 . 2  

0 . 1  

0 . 2 

0 . 3  

0 , 1 

5 , 4  

2 . 1  

o . 4 

0 . 5 

0 . 1 

0 . 2 

0 . 1 

0 . 7 

0 . 2 

0 . 3 

1 . 2 

o . 3 

1 . 0 

0 . 1 

0 . 1  

0 . 1  

o a

0 . 1  

0 . 2 



Late quaternary vegetation and climate of southwestem Turkey 
Table 4 .  cont'd 

d i s t u r b e d  

Ccdru::;-J u n i p e r u s  f o r c .!; t  vegetat ion A b i e s  f o r e s t  

S a m p l e  numbers 38 39 1,0 1, 1 113 112 53 5'• 55 56 

U r t  ica d i o i c a - t y p e  0 . 1  

V a l e r i a n e l l a  0 . 1  0 . 1  0 . 1  

C h e i l ant h e s  0 . 1  

Dry o p t e r i s  0 . 1  0 . 1  0 . 1 0 . 1  

P t e r i d i u m  0 . 1  0 . 2 0 . 1 0 . 1  

Po l l e n  sum 1993 1305 1 325 1070 1 1 88 1 3 1 4  1 776 1 596 11166 1 120 

93 
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Table 5 .  Surfacc-samplc spectra from thc  Xero-Euxenian zone. 

Samp l e  n u m b e r s  58 60 59 57 

L: AP 7 8 . 6  70 . 8  2 9 . 9  2 6 . 6 

A b i e s  0 . 2  

A l  nus 0 . 1  0 . 1 0 . 1  

Arbu t u s  0 . 1  

B e t ul a  0 . 2  

C arp i n u s  b e t u lu s  0 . 2  0 . 1  

C a s t an e a  0 . 2  0 . 7  0 . 1  

C e d r u s  0 . 1  0 . 3  

C o r y l u s  0 . 3  0 . 1  0 . 1  

C o t o n e a s t e r  0 . 1 

C r a t a e g u s - t y p e  3 . 6  0 . 1  

E l a e agus 0 . 1 

Frax i n u s  o r nus 0 . 3  0 . 1 

Juglans o . 4 0 . 3  

J u n i p e r u s  1 5 . 1  4 1 . 7  3 . 0  4 . 9  

L i b o c e d r u s  0 . 1  

O l e a  0 . 1 o . 6 0 . 2  0 . 3  

O s t rya/C a r p i nu s  o r i e nt a l  i s  0 . 1 0 . 1  0 . 1  

Ph i l l y r e a/Fo n t a n e s i a  0 . 1  0 . 5  0 . 2  0 . 1 

P i n u s  1 2 . 2  2 1 . 0  24 . 4  1 7 . 3  

P i s t ac i a  0 . 1  0 . 1 0 . 1 

Platanus 0 . 2  0 . 3  0 . 2  

Popu l u s  0 . 1  

Prunu s - t y p e  0 . 2  

Qu e r c u s  c a l l i p r i n o s - t y p e  22 . 0  1 . 2 0 - 3  o . 8

Qu e r c u s  c e r r i s/ i n f e c t o r ia - t y p e  2 3 . 1 3 . 4  1 • 1 1 .  6 

S a l i x  0 . 3  0 . 1  0 . 2  0 . 1  

U l  mus 0 . 1  0 . 1  0 . 1  

V i  t i s 0 . 1  0 . 1 0 . 1  

L: NAP 2 1 . 4  29 . 2  70 . 1 73 . 4  

E c h i u m - t y p e  0 . 1  0 . 1  

H e l i o t r o p i u m - t y p e  ,.. 0 . 1  

Symphy t um - t y p e  0 . 1  0 . 1  

H um u l u s/C annab i s  0 . 1  0 . 1 0 . 1  

C a ryophy l l a c e a e  i n d e t .  o . 4 0 . 3  0 . 2  

S p e r gu l a  0 . 1  

c f .  S p e rg u l a r i a  0 . 9  0 . 1  

C h e n o p o d i a c e a e  1 . 2 2 . 0  2 . 0  1 . 5 

94 H e l i a n t h e mum o . 6 0 . 1  0 . 2  



Late q1.taternary vegetation and climate af southwestern Turkey 

Table 5 .  cont'd 

S am p l e  nu m b e r s  58 60 59 57 

A r t e m i s i a  2 • 5  4 . 2  7 . 4  34 . 3  

C a r t h amu s - t y p e  0 . 1  

C e n t au r e a  c y anus - t y p e  0. 1 0 . 3  o . 4  0 . 3  

C e n t au r e a  s c a b i o s a - t y p e  0 . 2  0 . 2  

C e n t au r e a  s o l s t i t i a l i s - t y p e  0 . 3  0 . 3  3 . 6  0 . 2  

C i r s iu m - t y p e  0 . 2  0 . 1  0 . 7  0 . 1  

F i l ago - t y p e  0 . 1 0 . 1  

L i  g u l  i f l o r a e  i n d e
·
t .  0 . 2  1 . 7 3 . 2  4 . 9  

M a t r i c a r i a - t y p e  1 .  8 0 . 3  1 0 . 1  2 . 7  

S c o r z o n e r a - t y p e  0 . 1  

S e n e c  i o  - t y p e  1 • 1 0 . 2  o . 6  

Tubu l i f l o rae i ncl e t . 0 . 2  o . 4  2 . 1  o . 4  

B r a s s i c a - t y p e o . 4  0 . 5  2 . 0  o . 4  

C a p s e l l a  - t y p e  3 . 1 

C i t r u l l u s  0 . 1  

C y p e rac e a e  0 . 5  o . 6  0 . 9  2 . 3  

S c a b i o s a  p a l a e s t ina- t y p e  0 . 1 

Eph e d ra d i s t ac hy a- t y p e  0 . 1  0 . 1  

E r i c a c e a e  0 . 1 

E r o d ium 0 . 1  

G e r a n i u m  0 . 1 

G r a m i n e a e  i n d e t . 6 . o  6 . 8  1 3 . 9  1 7 . 0 

C e r e a l i a - t y p e  0 . 2  5 . 7  4 . 2  2 . 2  

S e c a l e  0 . 1 

Z e a  may s 0 . 1  

M y r i o ph y l lum s p i c a t um/v e r t i c i l l a t um 0 . 1  

S i sy r h y n c h i u m  0 . 1  

L e gu m i n o s a e  i n d e t . o . 8  0 . 5  0 . 7  o . 6  

Lo t u s - t y p e  0 . 2  0 . 1 

O n o bry c h i a - t y p e  0 . 2  

O n o n i s - t y p e  0 . 5  

T r i f o l ium - t y p e  0 . 5  0 . 1 0 . 2  

V i c i a - t y p e  0 . 5  

A l l ium o . 8  

S c i l l a - t y p e  0 . 1  

G l a u c ium 0 . 1  

P l a n t ago l a n c e o l at a- t y p e  0 . 9  0 . 9  o . 6  o . 8  

L i m o n i um - t y p e  0 . 1  

P o l y go num av i c u la r e - t y p e  O o 1 0 . 1  0 . 2  0 . 1 9 5  
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Table 5 .  cont'd 

Samp l e  num b e r s  58 60 59 57 

Rum ex a c e t o s a - t y p e  0 . 2 0 . 3  0 . 1  

P o t a m o g e t o n  0 . 1  

C a l t ha 0 . 1  

N i g e l la 0 . 2  0 . 2  

Ran u n c u l u s  r e p e n s - t y p e o . 4  0 . 2  

Ran u n c u l u s  s c e l e r at u s - t y p e o .  1 

T h a l i c t ru m  0 . 1 0 . 1  0 . 1  0 . 1  

Sangu i s o r b a  m i n o r - t y p e  0 . 1  o .  1 0 . 1  

G a l i u m - t y p e  0 . 7  0 . 5  0 . 2  0 . 1  

Sax i fraga s t e l l a r i s - t y p e  0 . 1  

D i g i t a l i s - t y p e  0 . 1  

R h i na n t h u s - t y p e  0 . 2  

S c r o p h u l a r i a - t y p e  0 . 1 o . 4  0 . 1 

Sparga n i u m - t y p e  0 . 1  0 . 1  0 . 2  2 . 1  

U m b e l l i f e r a e  i nd e t . 0 . 1  0 . 1  0 . 2  0 . 1  

A n i s o s c i a d i um 0 . 1  

Bun i um- t y p e  0 . 1  0 . 3  0 . 1  

Bup l e urum- t y p e  1 0 . 0  

Ery n g i um- t y p e  o . 4  0 . 9  

F e ru l a- t y p e  0 . 1  

M a l a b a i l a  0 . 1  

U r t i c a  d i o i c a- t y p e  0 . 1  0 . 1  

V a l e r i a n e l l a  0 . 2  

P e ga num harmala 0 . 1  

P t e r i d ium 0 . 2  0 . 1 

P o l l e n  sum 1 2 1 3  1 4 64 1 226  1 559 





W. V A N  Z E ! S T / H . W O L D R I N G / D .  S T A P E R T  

Table 6 .  Surface-sample spectra from southwestcrn Turkey. For a selectcd nurnber of pollen types the 
rnean percentages and frequencies per sub-group are given. For explanation see 6 . r .  

P i nu s  f o r e s t  

0-300 m 

L AP 88 . 2  

A b i e s  

A l n u s  1 . 3 4/5 

C e d ru s  

Frax i nu s  o r n u s  

Juglans 

Jun i p e ru s  

L i q u i dambar 

O l e a  

o.4  2/5 

0 .7 4/5 

3 . 3  3/5 

4 . 6  5/5 

O s t rya/C a r p i nu s  o r i e n t al i s  0 . 1  

P h i l l y r e a/Fo n t an e s ia 0 . 6  

P i nus 69 . 7  

P i s t ac i a  0 . 4  

P l a t anus 0 . 2  

Que r c u s  c e r r i s/ i n f e c t or i a - t y p e  1 . 1  

2/5 

5/5 

5/5 

5/5 

5/5 

5/5 

300-800 m 800- 1 200 m 

86 . 1  

0 . 1  1/8 

0 . 4  Lf/8 

0 . 1  2/8 

0 . 3  1 /8 

0 . 2  5/8 

o . 8  7/8 

0 . 1  2/8 

5 . 2  8/8 

0 . 1  

1 . 5 

65 . 6  

1 . 3 

o . 6  

2 . 2  

3/8 

8/8 

8/8 

8/8 

6/8 

8/8 

2 . 0  2/4 

0 . 1  1 /4 

0 . 2  3/4 

2 . 0  4/4 

0 . 2  1/4 

o . 8  4/4 

0 . 1  1 /4 

0 . 2  1/4 

M a q u i s  

0-300 m 

0 . 1  1 /3 

o . 6  3/3 

0 . 1  1/3 

0 . 1  2/3 

0 . 3  3/3 

0 . 3  3/3 

1 2 . 3  3/3 

0 . 1  

1 • 1 
20. 8  

3 . 5  

3 . 6  

1 . 9 

2/3 

3/3 

3/3 

3/3 

3/3 

3/3 

300-800 m 

77 . 'd  

0 . 2  5/5 

0 . 2  2/5 , 

3 . 9  1/5 

0 . 2  4/5 

2 . 3  5/5 

0 . 1  2/5 

8 . 2  5/5 

0 . 1 3/5 

1 1 . 6 5i5 

2 5 . 7  5/5 

2 . 5  4/5 

0 . 2  4/5 

2 . 7  5/5 

Que r c u s  c a l l i p r i n o s - t y p e  

Sal ix 

7 . 3  5/5 

0 . 1 3/5 

o . 6  5/5 

1 . 4 2/5 

o . 4  5/5 

0 . 2  3/5 

o . 4  5/5 

o . 4  5/5 

o . 4  4/5 

0 . 2  5/5 

0 . 2  1 /5 

3 . 2  4/5 

2 . 7  5/5 

0 . 5  2/5 

o . 4  5/5 

0 . 2  2/5 

0 . 2  3/5 

o . 4  3/5 

0 . 3  5/5 

1 . 1  5/5 

7 . 6  8/8 

0 . 1  3/8 

o . 6  8/8 

0 . 7  5/8 

o . 4  8/8 

0 . 2  5/8 

o . 8  8/8 

1 . 1  7/8 

o . 4  7/8 

0 . 5  6/8 

0 . 1  3/8 

3 . 5  6/8 

1 . 9 8/8 

0 ; 3  5/8 

0 . 5  8/8 

0 . 1 2/8 

0 . 3  7/8 

o . 6  5/8 

0 . 2  7/8 

o . 4  6/8 

7 5 . 9  4/4 

0 . 3  1 /4 

1 . 0 3/4 

3 . 6  4/4 

2 . 1  4/4 

0 . 1  1/4 

0 . 7  3/4 

0 . 2  3/4 

1 . 4 3/4 

o . 4  4/4 

0 . 5  4/4 

o . 8  4/4 

o . 6  3/4 

1 . 1  3/4 

0 . 1 2/4 

24 . o  3/3 22 . 6  5/5 

L C h e n o p o d i a c e a e  

L C i s t a c e a e  

A r t e m i s ia 

C e nt aurea s o l s t i t ial i s - t y p e  

L Tubul i f l o r a e  
1 

L L i gu l i f l orae 

L C r u c i f e r a e  

C y p e ra c e a e  

L Ephedra 

E r i c ac e a e  

Gram i n e a e  

L C e r e a l i a - t y p e  

P l a n t a g o  lanc e o l a t a - t yp e  

P o l y g o num a v i c u l ar e - t yp e  

Rumex a c e t o s a - t y p e  

Sangu i s o rba m i no r - t y p e  

S p argan i u m - t y p e  

L U m b e l l i f e r a e  

1 A t ' . r e m 1 s 1 a , C e n t au r e a  and X a n t h ium n o t  i n c l u d e d  

1 .  7 4/4 

0 . 7  4/4 

1 . 1 4/4 

o. 1 1/4 

0 . 3  3/4 

0 . 3  3/4 

0 . 1  3/4 

0 . 5  2/4 

0 . 3  3/3 

1 . 2 2/3 

1 .  8 2/3 

0 . 2  3/3 

0 . 2  3/3 

1 . 6 3/3 

5 .  8 3/3 

0 . 3  3/3 

1 . 8  3/3 

0 . 2  1/3

o.4  3/3 

4 . 4  3/3 

o . 4  3/3 

5 . 9  3/3 

0 . 9  3/3 

0 . 5 2/3 

o . 6  2/3 

1 . 9 3/3 

0 . 2  2/5 

0 . 5  5/5 

0 . 9  3/5 

o . 4  4/5 

o . 4  2/5 

1 . 0 5/5 

1 . 9 5/5 

1 . 0 5/5 

0 . 5  4/5 

0 . 1  2/5 

3 . 6  3/5 

7 . o  5/5 

0 . 5  5/5 

1 .  4 5/5 

0 . 2  1/5 

o . 4  3/5 

0 . 2  2/5 

0 . 3  4/5 

1 .4 5/5 



Late quatemary vegetation and climate of southwestem Turkey 

S e r i ously d i st u r b e d  v e ge t at i o n  

0-300 m 

0 . 2  2/2 

0 . 2  2/2 

0 . 2  2/2 

0 . 1  1 /2 

8 . 4  2/2 

0 . 5  2/2 

1 0 . 6  2/2 

o . 4  2/2

0 . 1 2/2 

1 . 7 2/2 

1 5 . 3  2/2 

0 . 7  2/2 

0 . 9  2/2 

0 . 1 1 /2 

0 . 2  2/2 

0 . 3  2/2 

2 . 0 2/2 

3 . 6  2/2 

1 . 4 2/2 

0 . 5  2/2 

0 . 1  2/2 

4 . 1  2/2 

o . 6  2/2

38 . 4  2/2 

5 . 3  2/2 

0 . 1  1 /2 

0 . 3  2/2 

390�800 m 800- 1 200 m 

0 . 5  2/6 

0 . 2  5/6 

0 . 7  1 /6 

0 . 2  2/6 

3 , 7  5/6 

2 . 6  5/6 

o .  7 1/6

5 . 7  6/6 

0 . 5  2/6 

1 . 1  6/6 

32 . 3  6/6 

1 . 0 6/6 

2 . 1  6/6 

2 . 3  6/6 

1 3 . 7  6/6 

0 . 3  2/6 

o . 6  6/6

o . 8  3/6

0 . 7  5/6 

0 . 2  5/6 

1 o 4 6/6 

5 . 1  6/6 

2 . 0 6/6 

2 . 1  4/6 

0 . 1  1 /6 

0 . 2  2/6 

9 . 8  6/6 

1 . 1  6/6 

6 . 2  6/6 

0 . 2  1/6 

o . 8  5/6

0 . 1  4j6 

0 . 2  5/6 

1 . 2 6/6 

0 . 1 3/7 

0 . 3  4/7 

0 . 3  5/7 

0 . 2  4/7 

o . 6  6/7

3 . 4  7/7 

0 . 2  2/7 

o . 8  7/7 

0 . 2  5/7 

1 . 0 5/7 

4 1 . 2  7/7 

o . 6  7/7

o . 4  5/7

2 . 4  7/7 

6 . 9  7/7 

2 . 1  7 /7 

1 . 2 7/7 

0 . 1  1/7 

2 . 3  7/7 

1 . 6 7/7 

2 . 9 7/7 

2 . 1  7/7 

1 . 7  6/7 

0 . 7  7/7 

0 . 1  2/7 

0 . 2  1/7 

1 0 . 7  7/7 

6 . o  7/7 

3 . 0  7/7 

0 . 2  5/7 

o . 4  6/7

0 . 3  4/7 

0 . 3  6/7 

1 . 1  7/7 

C e d r u s 
J u n i p e r u s  
f o r e s t  

1 7 . 5  3/3 

0 . 1  1/3 

0 . 1  1/3 

4 1 . 8  3/3 

0 . 3  3/3 

0 . 5  3/3 

0 . 1  3/3 

1 7 . 9  3/3 

o . 4  3/3

0 . 7  3/3 

1 1 . 5 3/3 

0 . 2  1/3 

0 . 3  3/3 

0 . 7  3/3 

o . 4  2/3

0 . 3  3/3 

o .  8 3/3

o . 4  3/3 

0 . 2  3/3 

0 . 2  3/3 

1 . 6 3/3 

0 . 3  3/3 

o . 4  3/3

0 . 2  3/3 

0 . 5  1 /3 

0 . 1  2/3 

0 . 1 1/3 

0 . 2  2/3 

Ab i e s  
f or e st 

8 8 . 6  

1 0 . 5  3/3 

0 . 5  3/3 

1 . 3 3/3 

0 . 1  2/3 

33, 9 3/3 

o . 4  2/3

2 . 5  3/3 

1 . 2 3/3 

32 . 9  3/3 

o . 8  3/3

0 . 3  3/3 

2 . 5  3/3 

1 . 1  3/3 

0 . 3  3/3 

0 . 1  1/3 

0 . 5  3/3 

0 . 1  2/3 

0 . 9  3/3 

0 . 9  3/3 

O o 3  3/3 

0 . 2  3/3 

0 . 1  2/3 

3 . 9  3/3 

0 . 5  3/3 

1 . 9 3/3 

0 . 1  2 /3 

0 . 1 1 /3 

0 . 7  2/3 

0 . 1 3/3 

0 . 1  2/3 

99 



I OO 

\VI. V A N  Z E I S T/ H .  \VI O L D R I N G / D .  S T A P E R T

ranean p ine forests, but also those from other 
vegetation types included in this study suggest that 
Olea has a good production as well as dispersal of 
pollen. 

At some d istance from the locality of sample r 3 ,  
an  Almts-Liquidambar grove occurred alongside a 
rivulet, which explains the fairly h igh pollen 
values for alder and amber tree (4 . 2  and 9 .2°/o 
respectively) in the sample concerned. Liquidambar 
orientalis is found in southwestern _Turkey in
flood plains, river valleys and other marshy places, 
at elevations between sea-level and 800 m (Davis 
1 972,  p .  264) .  

A large number of herbaceous species and low 
shrubs is  represented in the pollen spectra from 
the pine forests, although usually in low percent
ages and often only in one or a few spectra of 
this sub-group. Occasionally a somewhat higher 
percentage was obtained, which must be ascribed 
to local factors. Thus, the common occurrence of 
Erica verticillata in the vegetation of the site 
where sample 9 was taken must account for the 
large share of Ericaceae ( 1 2 . 5 °/o) in the local pollen 
rain. I t  should be taken into consideration that 
the comparatively high average value of 3 . 20/o for 
Ericaceae in sub-group a (tab le 6) is due to this 
isolated h igh percentage for this pollen type. 

The spectra from the maquis of the lower Eu
Mediterranean zone (sub-group b) are characterized 
by high values for Quercus calliprinos-type pol len. 
In v iew of the dominance of kermes oak in the 
shrub vegetations concerned this high pollen re
presentation is  according to expectation. Phillyrea 
and particularly Pistacia are, on the a verage, 
somewhat better represented in the spectra from 
the maquis than in those from the pine forests. 
Most of the Olea pollen in sample 7 wil l  have 
originated from the olive yards at a short distance 
from the sampling locality. Just as for Ericaceae in 
sub-group a, the anomalously high Olea pollen 
percentage in  sample 7 increases the average value 
for this pol len type in  sub-group b ( 1 2 . 3 °/o) quite 
considerably .  Platanus was common in the river 
valley where sample 7 was taken, which explains 
the pollen value of 9 .  5 °/o. 

The herbaceous pollen percentages in the spectra 
of sub-group b are, on the average, higher than 
those in the spectra from the pine forest. However, 
the level of the herbaceous pollen percentages in 

the individual samples may have depended more 
on the very local plant growth than on the general 
vegetation type. Thus, the average percentage for 
Gramineae is higher in the samples from the 
maquis than in those from the pine forest, but the 
highest Gramineous pollen value was found in 
sample r 2 from the pine forest. In the three sam
ples from the maquis, the pollen values for Liguli
florae Compositae are significantly higher than in 
samples from the pine forest, but a similar dif
ference was not obtained for the spectra from the 
corresponding vegetation types in the upper Eu
Mediterranean zone (table 2 ,  sub-groups a and b). 
Sample 36, from an open, heavily grazed maquis, 
yielded much Plantago lanceolata-type pollen 
( r 6 -4°/o) .  

In both samples from areas with a seriously 
degraded vegetation (sub-group c) the herbaceous 
pollen percentages are high. Of the tree pollen 
types, Olea, Pinus and Querrns calliprinos show 
the highest values. The much better representation 
of Quercus calliprinos in sample 20 as compared to 
sample 2 r must be ascribed to the c ircumstance 
that in the area of the former sample scattered 
kermes oak was present, whereas no shrubs were 
observed in the vicinity of the locality of sample 
2 r .  The nevertheless fairly high percentage for 
Quercus calliprinos-type in spectrum 2 r indicates 
that in kermes oak the production as well as the 
dispersal of pollen is  good. 

The high Olea pollen percentages in  both sam
ples of sub-group c must be ascribed to the pre
sence of olive yards, whereas, on the other hand, 
wild trees and shrubs had largely or completely 
disappeared from the area . 

The higher ..ENAP percentages in both spectra 
of sub-group c as compared to those of  sub-group 
b are mainly accounted for by the Plantago lan
ceolata-type pollen. In samples 20 and 2 r the per
centages for Gramineae and other herbs are not 
higher than in those from the maquis. Only Rumex 
shows 9 .9°/o in  sample 20, which must be due to 
local over-representation. Spectra 20 and 2 r ,  and 
also spectrum 36  (sub-group b), seem to suggest 
that high Plantago lanceolata-type pollen values 
are indicative of open, grazed terrain .  However, 
the analysis of samples from similar vegetations 
in other zones (rables 2 and 5) suggests that ap
parently grazing does not necessarily lead to an 
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expansion of plantain. 
Sample I4 originates from a rock outcrop in the 

marshy area alongside the southeastern shore of 
Koycegiz Golii (f ig .  2 r ) .  This sample was taken 
to provide information on the present-day pollen 
precipitation in the area of the Koycegiz sediment 
core (1 .6 . ) .  The local vegetation was affected by 
grazing. T amarix is a common shrub in  the 
marshes, while Ficus, Colutea, Vitex and Paliurus 
were observed on, and at the foot of, the rock 
outcrop. The rocky slopes west and southwest of 
the lake, at a d istance of 2. 5 km and more from 
the surface-sample site, are covered by Pinus brutia 
forest and maquis with predominantly Quercus 
calliprinos. 

Of the local shrubs, only Paliurus is fairly well 
represented in the pollen precipitation (4 .00/o). In 
spite of the common occurrence of T amarix in the 
marsh vegetation, its pollen value amounts to only 
o . 8 0/o . Pimts shows the highest percentage (3  5 .4°/o)
of all pollen types in sample q, which, once again, 
demonstrates the good pollen dispersal of pine. 

The high S parganium-type pollen percentage 
( r 2 . 5 °/o) must have been effected by bur-reed in 
the local marsh vegetation. A Leguminous pollen 
type which was found in very large numbers 
( r 9 . 8 0/o) is puzzling. This type cannot have origi
nated from Colutea arborea, which shrub formed 
part of the vegetation of the rock outcrop. 

6+ THE UPPER EU-MEDITERRAN EAN 
ZONE 

Just like the surface samples from the lower Eu
Mediterranean zone, those from the upper Eu-Me
diterranean zone are arranged in three sub-groups 
(table 2 ) :  
a .  8 samples from Pinus brutia forests and forest 
remnants. 
b.  5 samples from maquis. 
c. 6 samples from predominantly open terrain .

As is clear particularly from table · 6, the pol
l en precipitation in the pine forests of the upper 
Eu-Mediterranean zone shows a marked resem
blance to that in the lower Eu-Mediterranean pine 
forests. Pistacia, Phillyrea/Fontanesia and Quer
cus cerrislinfectoria-type show, on the average, 
sl ightly higher values in the pine forests of the up
per Eu-Mediterranean zone, which is mainly due to 

relatively high percentages in one or two samples. 
The poor pollen representation of Styrax offici

nalis is, once again, demonstrated in sample r 5 .  In 
spite of the predominant role of Styrax in the un
dergrowth of the pine forest in the locality of 
sample 1 5 , Styrax pollen amounts to only 0 . 5 °/o. 

I t  should be stressed that neither the tree pollen 
values, nor the herbaceous pollen values in the 
samples from the upper Eu-Mediterranean pine 
forest d iffer significantly from those in  the sam
ples from the corresponding forest at  lower ele
vations. Consequently, pollen analytically no dis
tinction can be made between the pine forests of 
both Eu-Mediterranean zones. 

In the upper Eu-Mediterranean zone, as in the 
lower Eu-Mediterranean zone, the spectra from 
the maquis show usual ly much higher Quercus 
calliprinos-type values and much lower Pinus per
centages than the spectra from the pine forest. A 
marked difference between the pollen spectra from 
the maquis of the lower and the upper Eu-Mediter
ranean zone is  caused by the Phillyrea/Fontanesia
type. In 3 of the 5 samples from the upper Eu
Mediterranean maquis (table 2 ,  sub-group b) this 
pollen type shows conspicuously high percentages 
which must be ascribed to the predominant role of 
Phillyrea in the local vegetation. In the locali ty 
of sample 46 Fontanesia phillyreoides was obser
ved. Although Phillyrea/Fontanesia-type pollen is 
not common in all samples · from the upper Eu
Mediterranean maquis, h igh values for this pollen 
type may be expected in  spectra from this vege
tation type particularly. 

Some attention should be paid to the 3 .9°/o 
Fraximts omus pollen in sample 46 .  This high pol
len value is all the more striking as no manna ash 
or another type of ash was observed in the v icinity 
of sampling site 46 .  It is quite possible that Fraxi
mts omus was overlooked in the hasty vegetation 
survey of the area, but this species would certainly 
not have been common. A pollen value of 3 .9°/o 
suggests that the pollen production and dispersal 
of the manna ash must be quite good .  In the other 
surface samples Fraxinus ormts is scarcely repre
sented (low frequency, low percentages). 

Olive (wild or escaped from cultivation) formed 
part of the maquis where sample 46 was taken, 
which explains i ts pollen value of 2 r .o0/o. Arbutus 
is clearly under-represented in the pollen precipi- r o r  
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tation. Arbutus unedo was an important consti
tuent of the maquis where sample 2 was taken, 
but its pollen value in the corresponding spectrum 
amounts to only 0 .7°/o. Arbutus andrachne was 
common near the locality of sample 47, but its 
share in the local pollen rain is  only o. 3 °/o. 

As has already been remarked in the discussion 
of the spectra from the lower Eu-Mediterranean 
maquis, the herbaceous pollen precipitation de
pends particularly on local conditions. As a result, 
the percentages for herbaceous pollen types vary 
considerably in the spectra from the upper Eu
Mediterranean maquis (e.g. Gramineae, Umbel
l iferae, Liguliflorae Compositae) . 

In the spectra from areas under intensive cul
tivation (table 2 ,  sub-group c) both herbaceous 
pollen types and tree pollen types show consid
erable fluctuations, in consequence of which mean 
pollen values should be considered with some reser
vation. The fluctuations in the tree pollen per
centages can mostly, but not always, be under
stood by the nature of the vegetation in  the vicin
ity of the sampl ing sites. In general, the Pinus pol
len values are fairly high ; either scattered pine 
trees were observed in the area or pine forest rem
nants were found at some distance from the 
sampling site. On the other hand, no reasonable 
explanation can be presented for the conspicuously 
low Pinus pollen value ( 3 . 20/o) in sample 2 2 .  

The mean ]uniperus pollen values for the spec
tra from the maquis and open vegetations in the 
upper Eu-Mediterranean zone are higher than those 
from the corresponding vegetations in the lower 
Eu-Mediterranean zone (table 6). From tables 1 

and 2 ,  sub-groups b and c, it appears that higher 
juniper pollen values have indeed only been ob
tained for samples from more or Jess seriously 
degraded vegetations in the upper Eu-Mediter
ranean zone. On the other hand, very low values 
for this pollen type are not confined to the lower 
Eu-Mediterranean zone. 

Although evidence for intensive grazing was 
quite obvious in the areas of samples 1 7, 1 9 , 2 5 ,  
5 1 and 5 2 ,  a high Plantago lanceolata-type pollen 
percentage was only obtained for sample 2 5 .  This 
indicates that grazing does not necessarily lead 
to a strong expansion of plantain and subse
quently to a large share of Plantago in the local 
pollen precipitation. 

6 . 5 .  THE ORO-MEDITERRANEAN VEGE
TATION ZONE 

The natural forest vegetation of the Oro-Mediter
ranean zone is by no means homogeneous, but 
various forest types can be distinguished. Because 
of the variation in natura! forest cover, the spectra 
from the Oro-Mediterranean zone are d ivided into 
two major groups. One group (table 3 )  comprises 
the samples from the Oro-Mediterranean pine 
forest and its degradation stages. The other group 
(table 4) consists of samples from cedar-juniper 
and fir forest areas. 

6. 5 .  I .  THE ORO-MEDITERRANEAN PINE FOREST AREA 

The samples from the Oro-Mediterranean pine 
forest area are arranged in two sub-groups ( table 
3 ) : 
a. 4 samples from forests with predominantly pine
(Pinus brutia as well as P. nigra).  
c . 7 samples from areas which are completely or
largely devoid of trees and shrubs (fields, heavily 
grazed terrains) .  

The samples 3 3 ,  44 and 24,  to the right of the 
table, are from vegetations which do not fit into 
either of the two sub-groups and which differ 
from each other quite markedly.  

The tree pollen precipitation in the Oro-Me
diterranean pine forests shows some differences 
with that in the pine forests of the Eu-Mediter
ranean zones, which is particularly clear from 
tab le 6. The most conspicuous difference is con
stituted by Olea, which shows here an average 
pollen value of o . 8 °/o as against 4 . 6  and 5 . 2°/o in 
the Eu-Mediterranean pine forests. The mean 
Quercus calliprinos-type pollen value ( 2 . 1 °/o) is 
also significantly lower than those in the Eu
Mediterranean pine forests (7 . 3  and 7 .60/o). We 
should, however, take into account the faet that 
Quercus calliprinos-type pollen percentages in  var
ious samples from the Eu-Mediterranean pine 
forests ( tables 1 and 2) are not h igher than in  the 
samples from the Oro-Mediterranean pine forests. 
The higher mean juniperus and Quercus cerrisl 
infectoria-type pollen values as compared to those 
in the Eu-Mediterranean pine forests ( table 6) are 
mainly due to the comparatively high percentages 
for these pollen types in sample 27 .  
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The differences between the mean pollen pre
cipitation of seriously d isturbed areas in the Oro
Mediterranean pine forest zone and in the Eu
Mediterranean zones are largely comparable to the 
differences between the pollen spectra from the 
forests of the corresponding zones (table 6 ) .  Thus, 
the mean Olea and Qttercus calliprinos-type per
centages are lower and the average Pinus pollen 
values are higher than in the spectra from distur
bed areas in the Eu-Mediterranean zones. 

The mean Artemisia pollen percentage is higher 
than in  the spectra from disturbed areas in  the 
upper Eu-Mediterranean zone. It is true that the 
d ifference in mean percentage is not great, but, on 
the other hand, a ccimparison of the Artemisia 
values in the individual spectra of both sub-groups 
( tab les 2 and 3) shows tha t this d ifference is fair! y 
consistent and not due to one or two exceptionally 
high values. The rnean value of r . 6°/o for Cen
taurea solstitialis-type pollen constitutes a d istinct 
increase as compared to the mean values for this 
pollen type in the spectra from seriously degraded 
vegetations in the Eu-Mediterranean belts. Higher 
pollen values for Artemisia and Centaurea solsti
tialis-type, a type which includes various Cen
tattrea species, seem to be indicative of open 
vegetations at higher elevations. 

The comparatively large numbers of Cannabis/ 
Httmulus pollen in samples 48 and 3 5  ( 3 · 7 and 
5 .4 °/o) must have originated from Cannabis fields. 
In the area of sample 48 hemp was cul tivated ; this 
crop plant was not observed in the vicinity of 
sarn pling locali ty 3 5 ,  but i t  rna y ha ve been grown 
there in previous years. Although in the areas of 
most of the samples grazing took place, only 
sample 49 yielded a high Plantago lanceolata-type 
pollen value ( r r .o0/o) .  A simi lar result was ob
tained for the samples from seriously degraded 
vegetations in the upper Eu-Mediterranean zone. 

The spectrum obtained for sample 3 3 differs 
from the average pollen values for sub-group b 
mainly in the higher ]uniperus and Qtterrns cerris/ 
infectoria-type pollen values. In the area of sample 
3 3 well-developed deciduous oaks were found, 
among others in cultivated fields, while small trees 
as well as shrubs of J tmiperus oxycedrus were ob
served. 

Scattered small trees of ]unipents excelsa (up 
to 

.
4 m high) and the predominance of juniper in 

the very open shrub vegetation in the area of sam
ple 44 explain the high J uniperus pollen percentage. 
Moreover, a suitable moss sample could only be 
found in the vicinity of a smal! juniper shrub. 
Striking is the pollen value of 2 ,6°/o for Arceu
thobium, a parasite on juniper. ,

Sample 24 is from an area where a Pinus nigra 
forest had been cut only a few years ago . The 
sampling site is situated ca. 2 ,000 m from extant 
pine forest (sample 2 3 ) .  The dominance of Pteri
dium aqttilimtm in the vegetation on the cleared 
terrain is reflected in the local pollen precipitation 
by 1 5 . r O/o bracken, by far the highest percentage 
for this fern recorded in the surface samples from 
southwestern Turkey . Cistus spec. was also com
mon in the local vegetation (pollen value r .4°/o) . 

6. 5 . 2 .  CEDAR-JUNIPER AND FIR FOREST AREAS

The surface-sample spectra of table 4 are arranged 
in two groups. The first group (to the left) consists 
of spectra from the Avlan Goli.i-Elmali area, where 
the natura! vegetation is made up of Cedrus libani
] unipents excelsa forests (4 . 3 . ) .  Samples 3 8 ,  3 9  and 
40 were taken in or near well-developed . cedar
juniper forest ;  samples 4 r ,  4 3 and 42 are from 
areas with increasingly degraded vegetation. 

Cedrus as well as ]uniperus pollen values show 
conspicuous fluctuations in - the samples from the 
cedar-juniper forest. Although Cednts and ]uni
perus are about equally cornmon in the forest 
vegetation, juniper pollen percentages are much 
higher than those of cedar in two of the three 
samples. This could indicate that juniper is propor
tionally better represented in the pollen precipi
tation than cedar. On the other hand, one should 
be cautious in drawing conclusions of this kind 
from only a few spectra, particularly if stticdy 
local factors may have influenced the pollen rain 
considerably. In this case the location of the pat
ches of moss used as surface sample relative to the 
nearest cedar and juniper trees may have deter
mined the pollen values for both species to a great 
extent. 

In sample 3 8 ,  from inside the forest, the Pinus 
percentage is low (6 . 3 °/o) ,  whereas in both samples 
from the edge of the forest the percentages for •this 
pollen type are three to five times as high. This 
seems to indicate that directly outside the forest 1 0 3  
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the share o f  the regional pollen i n  the pollen 
precipitation has already increased considerably. 

At the forest edge Quercus calliprinos is better 
developed than inside the forest, a faet which is 
also reflected in the much higher values for the 
pollen type concerned in samples 39 and 40. Al
though Acer shrub was observed at a short distance 
from the site where sample 40 was taken, this 
species is  not represented in the spectrum con
cerned. Sample 3 8  yielded one pollen grain of 
Acer, while Acer cf. monspessulanum formed part 
of the shrub vegetation in  the cedar-juniper forest. 
From this and from other observations it is clear 
that Acer i s  seriously under-represented in the 
pollen precipitation. 

Forests with cedar were not found close to the 
locali ty of sample 4 r .  The Cedrus pollen value of 
9 .  3 °/o in spectrum 4 r suggests that the dispersal of 
this pollen type is quite good, although i t  is inferior 
to that of Pinus. 

The high ZAP percentage in sample 4 r  i s  to a 
high degree due to the fairly well-developed juni
per-kermes oak shrub vegetation which could 
develop after the cutting of the forest. On the 
other hand, at first sight it is astonishing that 
sample 42 ,  which is  from a slope completely 
devoid of trees and shrubs, yielded 7 4.4 °/o ar
boreal pollen. This must be ascribed to the faet 
that the pollen production of the local vegetation 
was low, so that pollen originating from a greater 
distance made up the greater part of the pollen 
precipitation. As a result of erosion a considerable 
part of the surface consisted of barren rocks, while 
further serious over-grazing must greatly have 
prevented the extant vegetation from flowering. 
The 3 °/o Salix pollen in this sample will have 
originated from w illows which, in  addition to 
poplar, grape and frui t  trees, were growing in a 
small valley at a short distance from the sampling 
SI te. 

Deciduous oak, Ostrya/Carpinus orientalis, 
Olea and Phillyrea/Fontanesia are represented in 
all samples from the Avlan Golii-Elmali area, 
although the species concerned were not observed 
there. It is possible that these trees and shrubs 
have not been encountered because of the super
ficial study of the vegetation, but they could at 
most ha ve pla yed a very modest part in the forest 
vegetation. Particularly the representation of these 

species in sample 42 ,  at a great distance from 
forest vegetations, suggests that they have a good 
pollen d ispersal .  

Samples 5 3 , 5 4  and 5 5  (table 4,  to  the right) are 
from an area with extensive Abies cilicica forests, 
north of Akseki (fig. 7) .  The most striking feature 
of the spectra obtained for the samples from the 
fir forest is the poor representation of Abies. I r
respective of the anomalously low Abies pollen 
value of 3 . 8°/o in sample 5 3 , values of r 2 .4 and 
r 5 . 3 °/o are surprisingly low in samples from an 
area where the forest consists for 90°/o and more 
of fir. 

Although ]uniperus does not play a prominent 
role in the Abies forests, its pollen percentages 
are quite high. For sample 5 4 it should be noted 
that a large j uniper shrub was present at a short 
d istance from the sampling site, which might 
explain 47 .4°/o Juniperus pollen. However, the 
same does not hold true for samples 5 3 and 5 5 .  
The low Cedrus pollen values are i n  accordance 
with the minor share of cedar in the forest vege
tation. Pinus pollen values are, again, fairly high, 
although only in the area where sample 5 5 was 
taken does some Pinus nigra occur in  the Abies 
cilicica forest. 

In the area of sample 5 4, Ostrya carpinifolia 
was observed, which explains the fairly high value 
of 3 .4 °/o for the Ostrya/ Carpinus orientafis-type 
pollen in this sample. One may assume that this 
tree was not confined to the immediate v icinity 
of sampl ing site 5 4  ( 2 .0°/o pollen in spectra 5 3  and 
5 5 ) .  The same must be true for Pistacia cf. tere
binthus and shrubby Quercus cerris which also 
formed part of the vegetation near the locality of 
sample 5 4 .  

The higher ZNAP value in spectrum 5 5 as 
compared to spectra 5 3 and 5 4 is mainly account
ed for by higher percentages for Gramineae, 
Plantago lanceolata-type and Sanguisorba minor
type. In particular, the relatively high plantain 
pollen frequency could point to grazing. The 
locality of sample 5 5 was an open place in the 
fir forest. 

The poor representation of Ericaceae in the 
spectra from Oro-Mediterranean vegetations (ta
bles 3 and 4) is in accordance with the faet that in 
southwestern Turkey, Ericaceae are confined to 
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Eu-Mediterranean vegetations. 
Sample 5 6  is from the south side of Benehir 

Goli.i, from an area which is  partly in use as 
grazing land and partly as arable land. Between 
the Abies forest area of samples 5 3, 5 4 and 5 5 and 
the south shore of Benehir Goli.i, a vegetation belt 
with predominantly Pinus nigra i s  present. For 
that reason it  might have been better if sample 5 6  
had been included i n  table 3 (Oro-Mediterranean 
pine forests). However, from a geographical point 
of  v iew this sample, which is of special interest in
connection with the pollen d iagram prepared from 
the Bey�ehir core (1 . 3 . ) ,  l inks up better with the 
samples from the fir forest. 

In spite of the predominantly open vegetation 
the ZAP value is h igh ( 8 r . 20/o) . This is due to 
Pinus, the pollen of which must have been trans
ported over at least several kilometres, to ]imi
perus which occurs in the shrub vegetation of the 
area, and to Quercus. The deciduous oak pollen 
type (6 . 80/o) must have originated mainly from 
scattered trees of Quercus cf. pubescens, but part 
of i t  may have been produced by deciduous oak 
shrub. Quercus calliprinos-type pollen shows a 
conspicuously low percentage (0.4°/o) ,  which is in 
accordance with the faet that kermes oak was not 
observed in the area. Although the nearest stands 
of Abies cilicica are found at a distance of at least 
r 5 km from the locality of sample 5 6, this tree has 
a pollen value of 2. r 0/o . This would suggest that 
Abies pollen, once it has arrived in an air current 
above the tree canopy, may easily be transported 
over a longer d istance. 

6 .6 .  THE XERO-EUXINIAN VEGETATION 
ZONE 

Only a few surface samples are available from the 
Xero-Euxinian vegetation zone ( table 5 ). More
over, the samples are from different vegetation 
types, in consequence of which the pollen spectra 
concerned differ considerably from each other. 
Sample 5 8 is from the foot of a slope covered by 
dense shrub and smal l  trees of predominantly 
Quercus pubescens and Quercus calliprinos, which 
is  reflected in the high pollen values for both oak 
species. Sample 60, on the other hand, was taken in 
an open, grazed juniperns excelsa. shrub vegetation, 
which explains the 4 r .7°/o juni per pollen. 

The tree pollen percentages in  samples 5 9 and 
5 7, both from a treeless area, do not show con
spicuous d ifferences. The greater part of the tree 
pollen is made up of that of Pinus. Further, 
juniperus is fairly well represented in  the pollen 
rain. I t  is clear that the tree pollen must have 
originated at a considerable distance from the 
sampling localities. The herbaceous pollen per
centages in samples 5 9 and 5 7 show striking dif
ferences, which should, at least in part, be due 
to the d ifferent use of the land. Sample 5 9 is from 
an area with predominantly fields, whereas sample 
5 7 is from heavi ly grazed terrain. 

The high Artemisia pollen value in sample 5 7 
is in accordance with the prominent role of  Ar
temisia cf. fragrans in the local vegetation. Sample 
5 9 shows a fairly high Artemisia pollen percentage, 
while more than r o0/o of the herbaceous pollen in 
samples 5 8 and 60 is made up of Artemisia. The 
present surface-sample study provides the fol
iowing picture w ith regard to the representation 
of Artemisia in the pollen precipitation. Artemisia 
pollen was met with in nearly all samples from the 
lower and upper Eu-Mediterranean vegetation belts, 
but always in  insignificant percentages. In the pol
len precipitation in the Xero-Euxinian zone, on the 
other hand, the share of Artemisia is high to fairly 
high. The Oro-Mediterranean vegetation belt  oc
cupies an interrnediate position in this respect. Low 
Artemisia percentages were established for the 
cedar-juniper forest and its degradation stages and 
for the fir forest, whereas the samples from the 
Oro-Mediterranean pine forest, and in particular 
from the seriously degraded vegetations in  the pine 
forest area, yielded higher percentages for this 
pollen type. 

Plantago lanceolata-type remains under 1 °/o in 
the samples from the Xero-Euxinian zone, al
though heavy grazing took place in the areas of 
samples 5 7 and 60. 

Because of the rather meagre pollen evidence for 
the Xero-Euxinian zone no further comparisons 
with palynological data from other vegetation 
zones will be made here. 

1 0 5  
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7 .  THE SEDIMENT CORES 

7 . r .  INTRODUCTION 

In this chapter the pollen d iagrams prepared from 
the sediment cores from southwestern Turkey will  
be discussed separately. A comparison of the results 
obtained for the individual sites and some general 
conclusions on the development of vegetation and 
climate during the time span covered by this in
vestigation will be made in chapter 8 .  

I n  connection with the construction o f  the pol
len diagrams the fol iowing remarks should be 
made here. The pollen sum includes the pollen of 
trees and shrubs and that of herbs from the upland 
vegetation .  The latter category gives rise to some 
problems as taxa may be represented in the local 
as well as in the regional vegetation. One example 
is constituted by Gramineae. If there are distinct 
indications that the Gramineous pollen in a greater 
part of the sediment core is mainly of local origin, 
this pollen type is not included in the sum (Si:igiit, 
Ki:iycegiz) . For other taxa, such as Cyperaceae, 
Sparganium and Typha latifolia, there can be no 
doubt that they formed part of the local marsh 
vegetation. Similarly the pollen of water plants is 
of local origin. In addition to the pollen of marsh 
and water plants, some other pollen types are not 
included in the pollen sum because of probable 
local origin .  Thus, high values for unidentified 
Tubuliflorae and Liguliflorae Compositae and 
Centaurea solstitialis-type seem to be indicative 
of fluctuating lake levels. On temporarily exposed 
lake shores these taxa must have expanded con
siderably. It ought to be mentioned that the group 
of unidentified Tubul iflorae includes mainly pol
len types which could not be further identified 
because of poor preservation. There are indications 
that representatives of some other taxa, among 
others of Chenopodiaceae, may l ikewise have 
found suitable habitats on temporarily exposed 
lake shores. This wil l  come up for discussion at 
the sites concerned . It wil l  be clear that the de
cision as to whether or not a pollen type is of 
predominantly local origin may sometimes be ar
bitrary. If a pollen type included in the pollen sum 
has an anomalously high percentage in one or a 
few samples, this type is left out of the pollen 
sum in the sample(s) concerned. In the pollen 

d iagram this is  indicated by an asterisk .  
The main diagram shows the ratio between the 

percentages for tree pollen (AP) and herbaceous 
pollen (NAP). In the main diagram the curves for 
Pinus, Cedrus or Quercus and Artemisia are also 
drawn. On the left of the main diagram the curves 
for trees and shrubs are represented, on the right 
those for herbaceous pollen types. On the right of 
the column with the pollen sums the curves for the 
pollen types not included in  the sum are drawn. 

It should be stressed that each diagram has its 
own pollen assemblage zones. A pollen assemblage 
zone is characterized by its pollen-floristic compo
sition. At this stage in the investigation i t  was not 
fe! t justified to establish pollen zones of regional 
character (even if this were feasible) . 

7 . 2 .  KARAlv!IK BAT AKLIGI (fig. 1 2 )  

7 . 2 . I .  THE GEOGRAPH!CAL SITUATION

Karamik  Batakligi (vilayet of Afyon) is  a depres
sion in a NE-SW orientated basin which is  situated 
to the north of, and possibly partly in, the north
western offshoots of the Bey�ehir/Hoyran nappes 
(Brunn et al. 1 97 1 ) .  The basin is filled with Neo
gene and Quaternary sediments. To the north and 
west of the basin, Neogene deposits and Tertiary 
volcanic tuffs are exposed, to the south Mesozoic 
limestone, and to the east Palaeozoic metamorphic 
rocks, crystalline l imestone and dolomite. 

At present, Karamik Batakligi, at ca. l ,ooo m 
above sea-level, is largely a marsh with not a 
great deal of open water. The present-day natural 
vegetation in  the Karamik area is devoid of trees. 
The vegetation of the slopes has a steppic cha
racter, which must be due to the interference of 
man with the vegetation. 

For Afyon, ca. 4 5 km northwest of the Karamik 
coring site, at an altitude of l ,0 1 8  m, a mean 
annua! precipitation of 478 mm is recorded . Mean 
January and July temperatures are ca. o0 and 
22°C respectively. Relatively much rain falls in 
the summer (Walter l 9 5 5 ) .  

The boring (fig .  l r ) was carried out at the edge
of the marsh, 2. 5 km sou theast of the vi llage of 
Bulanik ( 3 8 °2 5 ' 3o"N, 30°48'E). Near the coring 
locality the fol iowing plants were noted : Phrag
mites ausfralis, Typha angustifolia, Eleocharis, Ra-
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nunculus, Rammculus sect. Batrachiitm, Epilobium, 
Rumex, Alisma plantago-aquatica, V tricularia, 
Alopecurus, Lotus cf. itliginoms, Juncus, Scirpus 
cf. maritimus, Poa, Butomus umbellatus. 

7 . 2 . 2 .  LITHOLOGY AND RADIOCARBON DATES

The fol iowing li thology was recorded : 
o -0. 3 0  m grey clay
0 . 30- r . 1 5  m yellow-grey clay with red-brown 

spots 
r . 1 5 - r .4 5  m grey clay with red-brown spots and 

and dark spots 
r .4 5 -2 . 2 5  m l ight-grey clay with red-brown spots 

and dark spots 
2 . 2 5 -2 . 5  5 m grey clay with dark spots 
2 . 5 5 -2 . 8 5 m l ight-grey clay with red-brown spots 

and dark spots 
2 . 8 5 - 3 . 5 0  m grey clay with red-brown spots and 

dark spots 
3 .  5 0-3 ·9 5 m dark-grey (organic?) clay 
3 .9 5 -4 . r  5 m dark-grey clay with red-brown spots 
4 . 1 5 - 5 .00 m l ight-grey clay with red-brown spots, 

black spots and small white partides 
5 .00-5 . 0 5  m sand 
5 .0 5 - 5 . 20  m l ight-grey clay with red-brown spots 
5 .20- 5 . 2 5  m fine sand 
5 . 2 5 - 5 . 6 5  m l ight-grey clay with red-brown spots 
5 . 6 5 -6 .0 5  m green-grey cla y 

For two levels radiocarbon measurements were 
carried out :  
3 .7 5 -4 .0 5  m organic fraction, 6 5 20 ± 70 B .P .  

(GrN-68 80) ;  åC 1 3  = -r . 9°/00 
calcareous fraction .( 4 7° lo), r r ,  l oo
± 1 40 B .P .  (GrN-6890) 

5 .7 5 -6 .05  m organic fraction, 20, 1 30 ± 290 B .P .  
(GrN-6 8 8 1 ) ;  åC'3 = + 1 . 8°/oo 
calcareous fraction (3 9°/o), 2 3 , J 20 ± 
3 70 B .P .  (GrN-689 1 )  

The actual dating o f  both sediment sections is 
provided by the measurements of the organic frac
tion. Consequently, only these dates wil l  be re
f er red to here. 

7 . 2 . 3 .  P OLLEN ASSEMBLAGE ZONES 1 -4 (SPECTRA 1 -24)

In the lower part of the pollen diagram from Ka
ramik Batakligi 4 pollen assemblage zones are d is
tinguished : 

zone r (spectra 1 -4) : very high herbaceous pollen 
percentages; 
zone 2 (spectra 5 - 1 5 ) :  increase in arboreal pollen 
values ; 
zone 3 (spectra 1 6- 1 9 ) :  high Cedrus percentages; 
zone 4 (spectra 20-24) : decline in  Cedrus, increase 
in herbaceous pollen values. 

Assuming a more or Jess constant sedimentation 
rate between both radiocarbon dated levels of the 
Karamik d iagram ( r o  cm in ca. 680 years), which 
is  by no means certain, the fol iowing dates can be 
calculated for these zones : 
zone r (6.oo -5 .67° m) : 20,800- 1 8 ,600 B .P .  
zone 2 ( 5 .675- 5 . 0 5  m) : r 8 ,600- r 4 , J 5 0  B .P .  
zone 3 ( 5 .0 5  -4 . 6 5  m) : 1 4 , J 5 0- r r ,6 30  B .P .  
zone 4 (4 .6 5  -4 . 1 5  m) : r r ,6 30- 8 ,2 30  B .P .  

The much faster sedimentation rate in the upper 
part of the sediment core (see 7 .2 .4 . )  suggests that 
the upper l imit of zone 4 is probably younger than 
8 , 2 30  B.P.  and the same may be true for the zone 
3/ 4 boundary. 

Although the pollen assemblage zones l -4 show 
fairly considerable differences and consequently 
reflect d ifferent vegetation patterns, for practical 
reasons they will be d iscussed together. 

7 . 2 . 3 . r .  The nature of the steppe vegetation 

A first glance at the pollen d iagram reveals that its 
lower part reflects vegetations in which herbaceous 
species played an irnportant part. Up to spectrum 
24 the sum of the non-arboreal pollen values ex
ceeds that of the tree pollen, with the exception of 
spectra r 6- r 9. The herbaceous pollen percentages 
are rnainly made up by Artemisia, Chenopodiaceae 
and Gramineae, but in addition, a great many 
other herbaceous pollen types contribute to the 
group of non-arboreal pollen. These other her
baceous pollen types occur in higher percentages 
or more frequently in the section covered by zones 
1 - 4  than in the upper part of the diagram. Some 
pollen types, such as Helianthemum, Hypericum 
perforatum-type, Sanguisorba minor-type, F ernla
type, Pimpinella-type, Scabiosa columbaria-type 
and Allir-tm-type, are even confined to the lower 
part of the diagram. 

The great variety in herbaceous poll en types sug
gests that the steppe vegetations were rich in spe
cies. In this connection, we should take into con-
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s ideration the faet that many of the herbaceous 
pollen types included in the pollen sum originate 
from insect-pol l inated plants. These taxa are un
der-represented in the pollen rain as compared to 
w ind-pollinated taxa, such as Artemisia, Grami
neae and Chenopodiaceae. Consequent!y, the share 
of these insect-poll inated taxa in  the steppe vege
tations was probably considerably greater than is 
suggested by the pollen percentages. 

As for the character of the steppe vegetation, 
the foliowing remarks may be made. As has been 
d iscussed above (4.6.) ,  Walter ( 1 9 5 6b) is of the 
opinion that the dominance of Artemisia in the 
present-day steppe vegetations of Central Anatolia 
is  the result of overgrazing ; if  grazing were sus
pended, Artemisia woud be replaced by grasses. In  
the  time period covered by zones l to  4 ,  there 
would ha ve been no question of overgrazing. Ne
vertheless, in zones l to 3, Artemisia usually ac
counts for about half of the herbaceous pollen 
values ;  only in zone 4 is the share of Artemisia 
somewhat lower. This suggests that Artemisia was 
an important constituent of the steppe vegetations 
concerned, although i t  shared its role with other 
species. The Gramineous pollen percentages suggest 
that members of the grass family were quanti
tatively important steppe plants, but that, on the 
other hand, they did not dominate the vegetation. 
Cerealia-type pollen is fairly common. This pollen 
type includes various wild grasses (cf. 7 .  3. 5 . 2 . ) . 

An evalutation of the possible role of Chenopo
diaceae in the upland vegetation is handicapped 
by the faet that chenopods may have formed part 
of the local vegetation. As has already been men
tioned above (1 . r . ) ,  Chenopodiaceous species may 
have expanded on temporarily exposed lake shores. 
With one exception, the relatively h igh Chenopo
diaceous pollen values in zones l to 4 are not ac
companied by high percentages for Tubuliflorae 
and Liguliflorae Compositae and Centaurea sol
s titialis-type, taxa which seem to be indicative of 
fluctuating lake levels. Only the anomalously high 
percentages for Chenopodiaceae in spectra l 3 and 
1 4  coincide with peaks in  the curves for the Com
p ositae pollen types mentioned above. Since Com
p ositae pollen percentages do not point to a consi
derable expansion of vegetations of intermittently 
exposed lake shores in  any other spectrum in the 
l ower part of the Karamik diagram, one may as-

sume that the majority of the Chenopodiaceous 
pollen originated from plants from the upland 
vegetation. Thus, Chenopodiaceae must l ikewise 
have played an important part in  the steppe vege
tations. 

In pollen assemblage zones l ,  2 and 3, the Plan
tago lanceolata-type pollen has a continuous curve, 
with values of up to 2°/o. Surface-sample spectra 
from western Iran (Wright et al. 1 967) show high 
Plantago values for the warm steppe and forest
steppe of the lowland and low foothills, w hereas 
in the spectra from the high plateau steppe in the 
Tabriz area, at elevations of l ,400 to 2,000 m,  
plantain is  under 5 O/o. The Plantago pollen values 
in the lower part of the Karamik diagram are 
of the same magnitude as those in  the surface
sample spectra from the high plateau of north
western Iran. 

Umbelliferae also played a part in the steppe 
vegetation reflected in the lower section of the 
Karamik diagram. However, in  the Karamik area, 
representatives of this family would not have been 
as abundant as they were in  the Lake Zeribar 
region, in  the mountains of western Iran, w here 
Umbell i ferous pollen reaches values of more than 
300/o in the Full-glacial section of the pollen dia
gram concerned (Van Zeist 1 967) .  

JV/ atricaria-type pollen values are relatively high 
in  zones l to 4 .  This type includes common s teppe 
plant genera such as Achillea and Anthemis. As 
has already been discussed (1 .  r .) , species which
produce Centaurea solstitialis-type pollen prob
ably found suitable habitats on temporarily ex
posed lake shores. On the other hand, one may 
assume that Centaurea species were l ikewise con
stituents of the upland steppe. In summer time the 
large, purple flower-heads of Cousinia, another 
member of the composite family, may have con
stituted a prominent feature in  the steppe vege
tation. 

The other herbaceous taxa represented in  zones 
l -4 ,  which wil l  be mentioned here, are : Helianthe
mum (H. salicifolium and H. ledifolium are com
mon steppe plants), Thalictrum (Th. minus),  Cary
ophyllaceae (various genera of this family, such as 
Arenaria, Dianthus, Gypsophila and Silene, oc
cur in steppes), Limoniitm-type (?lumbago euro
paea) ,  Euphorbia (e .g .  E. macroclada), Thymus
type (Thymus squarrosus is a common steppe 1 09 
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plant) and Sanguisorba minor. Ephedra, a low 
shrub, must have been rather common in the step
pe vegetations of the Karamik area. Urtica and 
Polygonum aviculare (and/or close relatives) may 
have grown particularly near the lake. Both taxa 
prefer n i  trophilous habi ta ts. 

7 . 2 . 3 . 2 .  The Carya problem 

A!though the lower part of the Karamik diagram 
is characterized by high herbaceous pollen per
centages, this by no means implies that the tree 
pollen types would be of no importance. Not only 
does Cedrus reach high values in  pollen zone 3 ,  
bu t  also a fairly large number of arboreal taxa is 
represented in  the lower part of the diagram. 
Before d iscussing the ecological and quantitative 
aspects of  the tree taxa represented in  zones 1 to 4,
some attention wil l  first be paid to the presence 
of Carya in the Karamik diagram and in some of 
the other diagrams included in this study. 

At present the genus Carya has no representa
tives in Europe and Southwest Asia. Carya species 
are found in temperate North America, e.g. C. 
ovata, C. tomentosa and C. illinoensis, where they 
constituted an important food source for the In
dians. The pollen and macrofossil evidence de
monstrates that in Late Tertiary and Early Pleis
tocene times this genus was represented in Europe, 
and consequent!y probably also in the Near East. 
One could wonder whether the almost continuous 
Carya curve in the lower part of the Karamik 
diagram, with values around 1 °/o, indicates that 
at that time Carya was still present in Turkey. In 
other words, could Carya have persisted in  the 
Near East much longer than has been assumed so 
far. In this connection the foliowing remarks 
should be made. 

Carya pollen is not only found in the lower part 
of the Karamik sediment core, but also in the 
upper part which dates from after 6 , 5 00 B.P. Even 
in the upper sample, from only 1 cm below the 
surface, a pollen grain of Carya was counted . If 
this pollen had originated from contemporary 
trees, Carya would have grown in Turkey up to 
recent times. It is  i nconceivable that in that case 
there would be no historical records of this useful 
tree, e.g. by Greek or Arab travellers. Remains of 
h ickory nuts have not been recovered from earlier 

settlement sites either. In the Bey�ehir core (1 . 3 . ) ,  
at a distance of about 1 1 0 km from the Karamik 
site, covering the last 6, 5 00 years, only one Carya 
pollen grain was met with. The near-absence of 
Carya pollen in the Bey�ehir d iagram and the faet 
that there are no historical records of this tree 
suggest that the Carya pollen in the Karamik 
sediment core is of secondary origin .  The Carya 
pollen must have originated from Tertiary se
diments to the north of the coring site. Among 
these deposits l ignites occur. I t  is clear that if 
Carya pollen was redeposited, other pollen types 
may be, part!y or completely,  of the same secon
dary origin .  Unfortunately, this cannot be proved 
or shown to be probable. However, in  evaluating 
the Karamik pollen d iagram the possibi l ity of 
redeposited pollen should be taken into con
sideration. 

7 .2 . 3 . 3 .  The trees 

Quercus shows relatively high pollen percentages 
in zones 1 to 4. No distinction was made between 
Q. cenislinfectoria-type and Q. calliprinos-type 
pollen. The result of a re-examination of a few 
samples indicates that the large majority of the 
Quercus pollen is  of the deciduous oak type. The 
combination of Quercus with high values for her
baceous pollen types points to the presence of oak 
steppe-forests and forest-steppes. The term "step
pe-forest" defines an open forest vegetation (wood
land). A "forest-steppe" is a steppic vegetation 
with sparse tree growth. 

Above the be!t with oak steppe-forest and/or 
forest-steppe vegetations, a zone with more or Jess 
open coniferous forest stands must have occurred. 
Besides to Cedrus, Pimts and Abies were found i n  
the coniferous forest zone. The low Abies pollen 
percentages suggest that fir played only a minor 
part in the coniferous forest vegetations. In  evalu
ating the possible role of fir in the vegetation, it 
should be taken into consideration that Abies is 
under-represented in the pollen prec1p1tation 
(6 . 5 . 2 . ) .  In the period covered by zones 1 to 4,
Juniperus must have been a scarce tree or shrub in 
the Karamik area. 

Betula i s  fairly well represented in pollen zones 
1 to 4. Nowadays Betula constitutes the upper 
forest zone in the mountains of northeastern Ana-
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tolia and on the Ers:iyas Dag in Central Antolia 
(4 · 3 · ) ·  The presence of Betula in the Karamik 
diagram suggests that coniferous forests did not 
cover the upper part of the Sultandaglari and 
other mountains in the area. At greater altitudes 
the cedar-pine-fir forests must have given way 
to birch stands and perhaps to treeless alpine 
vegetations. One could wonder whether the Erica
ceous pollen, which shows relatively high per
centages in the lower part of the diagram, may 
have originated from the alpine vegetation zone. 
However, this is not very likely, as at present 
hardly any Ericaceous species are found in the 
high mountains of Anatolia. Most probably the 
Ericaceous pollen is of secondary origin. 

Hippophae shows relatively high values in zones 
l and 2. Hippophae, which occurs as a shrub and 
as a small tree, has a very wide distribution in 
Europe and Asia (Hegi 1 926, pp. 7 3 2-74 1 ) .  More
over, it is found from sea-level up to high in the 
mountains. Thus, this species is reported for 
elevations of up to 3 ,000 m in the mountains of 
Afghanistan (Murray 1 968 ) .  Its occurrence in 
southern Siberia proves that Hippophae can en
dure extreme continental conditions. Consequently, 
its former occurrence in the Karamik area under 
relatively cold and dry conditions (see below) is 
not astonishing. 

As for the other trees represented in the lower 
part of the Karamik diagram, Almts and Ulmus 
may have found suitable habitats alongside streams 
and in other places with a high groundwater rable. 
For various other trees it is unlikely that at that 
time they could be found in the Karamik area. The 
pollen of Tilia, Fagus, Coryhts and Picea is prob
ably due to redeposition, a!though some long-dis
tance transport, particularly from the Blad{ Sea 
area, is also possible. 

7 . 2 . 3+ The local vegetation 

Marsh and water plants are rather scarcely repre
sented in zones l to 3 (spectra l - 1 9) .  This probably
indicates that the sediment was deposited in rather 
deep water. The conspicuous maximum in the 
curves for Centaurea solstitialis-type and Liguli
florae Compositae in spectra l 3 and 1 4  is pro
bably indicative of fluctuating lake levels during 
the period concerned. 

In zone 4 (spectra 20-24) Sparganium-type pol
len percentages are rather high, Cyperaceae show 
a maximum at the base of the zone, while Typha 
latifolia has a peak at the end of the zone. During 
zone 4 time, marsh vegetations must have been 
found near the coring locality. The presence of 
Nfyriophyllum pollen in zone 4 suggests that at 
the coring site itself open water prevailed. More
over, the faet that no peat was deposited indicates 
that the marsh vegetation be!t had not reached 
the locality where the boring was carried out. 
An expansion of marsh vegetations or an i nward 
shift of the marsh vegetation be!t must have been 
due either to a general lowering of the lake level 
or to an infill with sediment. In both cases the 
water would have become shallow in places where 
formerly it was much deeper. 

7 .2 . 3 . 5 .  Vegetation pattem and climate 

Finally, a few speculations wil l  be made on 
vegetation pattern and climate during zones l to 4 .
Zone l (calculated age 20,800- 1 8 ,600 B .P . )  i s
characterized by very high herbaceous pollen per
centages, Artemisia showing values between 42  
and 5 6°/o. During this period, steppe vegetations 
prevailed in the Karamik area. In the mountains, 
scattered stands of Quercus, Abies, Pinus and 
Cedrus, either mixed or pure, were probably found 
in suitable habitats. The predominant!y steppe 
vegetations of zone l indicate that at the time it 
was a dry climate. As for the temperature, the 
inferred dating of this zone suggests that it must 
also have been much colder than at present. It 
should be stressed here that the pollen record does 
not provide much information on the temperature. 
The fairly low Plantago pollen percentages suggest 
onl y tha t the steppe reflected in zone l was not a
warm lowland steppe (1 . 2 . 3 . r . ) .  However, whether 
the then-existing vegetation was of the type of the 
present-day Central Anatolian steppe or of the 
much colder East Anatol ian plateau steppe cannot 
be ascertained. 

The transition to pollen zone 2 (ca. l 8 ,600-
14 , J  50 B .P . )  is marked by an increase in Cedrus 
as well as in Quercus. Both trees could expand, 
probably as a result of a somewhat moister cli
mate; oak at lower elevations and cedar higher up 
in the mountains. It is striking that the increase in l l l 
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pine i n  the upper part of zone 2 i s  accompanied by 
a decrease in  Querrns. One might wonder whether 
this indicates that in the upper reaches of the 
steppe-forest, oak was replaced by pine. Pinus 
can also be a constituent of steppe-forest vegeta
tions (Pinion nigrae xero-euxinum ; Zohary 1 97 3 ,  
pp .  5 80 - 5  8 r ) .  In this connection i t  ma y be o f  sig
nificance that the Querrns maximum in spec
trum 1 4  coincides with a decline in Pinus. 

During zone 3 time (ca. 1 4 , 3 5 0- 1 1 ,6 30  B .P . ) ,  
cedar increased considerably. The decrease in Pim"'s 
and Quercus may indicate that cedar encroached 
upon the area formerly occupied by steppe-forest. 
During this period steppic vegetations could main
tain themselves in the Karamik region, although 
their acreage had shrunk quite notably .  The ex
pansion of the cedar forest suggests that the 
humidity had increased markedly since the be
ginning of zone 2. It is l ikely that the temperature 
had also risen. 

Zone 4 (ca. r r ,6 30-8 , 2 30  B.P. )  reflects a strong 
decline in  cedar and an expansion of open vege
tations. The vegetation pattern may have been 
similar to that of the upper part of zone 2. In 
zone 4 time, the earl y-Postglacial increase in 
temperature must have taken place. One wonders 
to what extent the drier climate of this zone 
(which is suggested by the increased herbaceous 
pollen values) was the result of this rise in tem
perature. 

7 . 2 .4 .  POLLEN ASSEMBLAGE ZONE 5 (SPECTRA 2 5 -29)

Pollen zone 5 shows a strong decline in herbaceous 
values and an increase in coniferous percentages. 
This zone constitutes the transition from the more 
or less open vegetation pattern reflected in zones 
1 -4 to the continuous forest cover of zone 6 
(1 . 2 . 5 . ) .  At the end of zone 5 the Artemisia pollen 
values have dropped to under r 0/o. 

Puzzling is the al ternation of dominant pollen 
values for cedar and pine. This phenomenon is 
also observed in zones 6 and 7 and will be discus
sed below (7. 2. 5 .) .  Du ring zone 5 time, coniferous 
forests expanded over areas formerly occupied by 
steppe and forest-steppe. If treeless alpine vege
tations existed in the Karamik area in the previous 
periods, they would also have been replaced by 
coniferous forest in zone 5 time. At the end of this 
period temperature and humidity must approxima-

tely have reached modern levels. 
Spectrum 27 shows a maximum in the ZNAP 

which is mainly due to h igher values for Artemisia 
and Chenopodiaceae. As for the peak in the 
chenopod curve, one should take into consideration 
that Liguliflorae and Tubuliflorae Compositae 
and Centaurea solstitialis-type show high values 
in spectrum 27.  Consequently, the Chenopodiaceae 
maximum could have been the result of a local 
expansion of one or more chenopod species on the 
intermittently exposed lake shore. However, the 
temporary increase of the perennial A rtemisia is 
difficult to explain in  this way. Is the low Arte
misia maximum perhaps an indication of a tem
porary return to more arid conditions ? The sl ight
ly higher Quercus pollen percentages in spectra 
27-29, suggesting that oak forest-steppe was found 
again in the Karamik area, could point in the 
same direction. On the other hand, it is also pos
sible that the increase in  Artemisia was due to the 
interference of man with the vegetation. For 
Bey�ehir, at ca. r ro km from the Karamik coring 
site, it could be demonstrated that A rtemisia ex
panded considerably as a result of large-scale forest 
clearing and subsequent land use (1 . 3 . 5 . 2 . ) .  Oak 
profited also from the activity of man in the 
Bey�ehir area. I t  should, however, be stressed that 
other possible palynological indications of the 
influence of prehistoric man are absent in the up
per part of  zone 5 at Karamik. For that reason, i t  
cannot be  decided whether the expansion o f  
Artemisia suggested by  spectrum 27  was brought 
about by climate or by man. 

In connection with the dating of  this period 
the fol iowing remarks should be made. For the 
dating of the boundaries between zones 5 and 6 
and 6 and 7 a constant sedimentation rate between 
the radiocarbon dated level at 3 .7 5 -4 .05  m and the 
top of the sediment has been assumed. For the 
interpolation i t  has further been assumed that the 
surface of the sediment corresponds with the 
present time, which may not be entirely justified. 
This gives a sedimentation rate of r o  cm in ca. 
1 67 years. For the zone 5 /6 boundary an age of 
5 , 8 5 0  B.P.  is  calculated in this way. For the lower 
boundary of zone 5 a calculated age of  8 , 2 3 0  B .P .  
was obtained (see 7 . 2 . 3 .) ,  but this date  is  probably 
somewhat too old. The Artemisia maximum m 

spectrum 27  should be dated to ca. 6 , Joo B .P .  
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7 .2 . 5 .  POLLEN ASSEMBLAGE ZONE 6 (SPECTRA 30-44)

Pollen zone 6 is  characterized by high tree pollen 
values. With one exception, Artemisia percentages 
are very low. The fairly h igh Chenopodiaceae pol
len values in spectra 3 5 - 3 9  coincide with high 
percentages for Centaurea solstitialis-type and for 
Tubul iflorae and Liguliflorae Compositae. Conse
quently, the majority of the chenopod pollen in  
this section is  very l ikely of local origin . Zone 6 
represents a period during which the Karamik area 
was wholly covered by forest, in which Pinus and 
Cedrus played alternately a predominant part, 
whereas Abies was of minor importance. Quercus 
was perhaps mostly represented as shrub in the 
coniferous forest. 

A striking feature of pollen assernblage zone 6 ,  
and also of zones 5 and 7, is the  alternation in 
the dominance of Pimts and Cedrus percentages . 
Changes in the proportions of both trees in the 
forest of the Karamik area must sornetimes have 
been quite rapid.  The Pinus maximum in spectrum 
3 3, at 3 .oo m, is succeeded by a C ed rus maximum 
in spectrum 3 5 ,  at 2 . 80  111 , implying that in about 
3 5 0  years ( 1 0  cm = ca. 1 67 years) pine had to a 
considerable extent been replaced by cedar. In 
other cases a similar change apparently took more 
time. Thus, ca. l ,ooo years elapsed until the Cedrus 
dominance of spectrum 4 r had been succeeded by 
the Pinus dominance of spectrum 44. As for the 
evaluation of the pine and cedar pollen percent
ages, both trees ha ve a good pollen production and 
dispersal, but compared with Pinus, Cedrus is 
under-represented in the pollen precipitation. This 
implies that the proportion of Cedrus in the coni
ferous forest vegetations of the Karamik area was 
greater than the cedar-pine ratio in  the pollen pre
cipitation. 

It is  not l ikely that the alternating predominance 
of pine and cedar resulted from the interference 
of man with the vegetation ; at least, indications of 
human activity are scarce or absent in zone 6. 
Neither is it probable that this alternation con
stituted a kind of natura! succession cycle, as 
otherwise similar fluctuations in pine and cedar 
percentages might also be expected in  the diagrams 
prepared from the Benehir and Hoyran cores, 
at d istances of r r o  and 20 km respectively from 
the Karamik site (7 · 3 ·  and 7+).  There seems to 

be no alternative to assuming that this phenome
non was caused by climatic fluctuations, although 
the same objections can be raised to this hypothesis 
as to the assumption of a natura! succession cycle. 
One wonders whether the climatic condit ions in 
the Karamik area were such that even a minor 
change in humidity effected a marked shift in the 
pine-cedar ratio. 

Betula shows slightly higher pollen percentages 
in spectra 42 ,  4 3  and 44 .  It has already been 
mentioned ( 4 · 3 · )  that birch is found in the 
mountains of northeastern Anatolia and on the 
En;iyas Dag in Central Anatolia, but that a t  
present this tree does not  occur in southwestern 
Turkey. It is possible that the Betula pollen in  
zone 6 is of secondary origin (1 .2 . 3 .2 . ) .  On the 
other hand, the pollen evidence for Benehir 
(7· 3 · 5 +) and Sogiit (1. 5 .9 . )  suggests that birch 
may still have occurred in southwestern Turkey in 
Postglacial times. 

It is striking that the minor Artemisia maximum 
in spectrum 34 is, again, accornpanied by a small 
Quercus peak (cf. zone 5, spectra 27-29) .  

The percentages for Tubul iflorae and Liguli
florae Compositae and Centaurea solstitialis-type 
suggest lake-level fluctuations during the greater 
part of zone 6. The fairly high percentages for 
Cyperaceae and Sparganium-type in spectrum 3 9  
indicate that at that time marsh vegetations were 
found in the vicinity of the coring locality. 

The zone 6/7 contact at 0.90 m has a calculated 
date of r , 5 00 B .P . ,  irnplying that zone 6 lasted 
from ca. 5 , 8 5 0  to r , 5 00 years ago. 

7 .2 .6 .  POLLEN ASSEMBLAGE ZONE 7 (SPECTRA 4 5 - 5 0)

Herbaceous pollen types, such as Chenopodiaceae, 
Artemisia, Gramineae, Cerealia-type, Plantago 
lanceolata-type, Delphinium-type, Caryophylla
ceae, Umbelli ferae, Brassicia-type and Senecio
type, increase in this zone. The rather high values 
for Cerealia-type pollen do not necessarily point 
to grain-growing, as various wild grasses produce 
pollen of this type (1. 3 . 5 . 2 . ) .  A better indication 
of human activity is perhaps provided by the 
Plantago lanceolata-type pollen in  the upper four 
spectra, which may point to grazing. 

As for the high Chenopodiaceous pollen per
centages in zone 7, Tubuliflorae and Ligul iflorae I l } 
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Composi tae and C entaurea sols titialis-type show 
similar rather high values in  this zone. For that 
reason, i t  is  l ikely that most of the Chenopodia
ceous pollen is of local origin. One cannot exclude 
the possibility that the increase in Gramineae and 
Cerealia-type at the base of the zone was largely 
or entirely brought about by a local expansion of 
grasses on the temporarily exposed lake shore. On 
the other hand, the upper part of the zone most 
probably reflects the interference of man with the 
upland vegetation. 

Alnus and Salix are l ikely to have found suitable 
habitats alongside streams or on the banks of the 
lake itself. As for the slightly higher Corylu.s 
percentages in zone 7, the diagrams from Bey�ehir 
and Sogiit provide evidence of a minor expansion 
of this shrub as a resu!t of forest clearing (7 .  3 .  5 + 
and 7 . 5 .9 . ) .  Corylus could have profited from the 
deforestation in  the Kararnik area also. However, 
it is  also possible that the Corylus pollen in  the 
upper part of the Karamik diagram is of secondary 
origin (cf. 7 . 2 . 3 . 2 .) .  

Finally, attention should be drawn to the faet 
that in the uppermost sample, at a depth of only 
r cm, the total tree pollen percentage is fairly high. 
Trees must still have played an important part in 
the Karamik area at the time of deposition of the 
sediment at r cm below the surface. At present the 
area is devoid of trees. Consequently, either the 
last few hunderd years are not represented in  the 
sediment core or the complete deforestation is  of 
very recent date (see also Sogiit, 7 . 5 . r o . ) .  

7 . 3 .  BEY$EHIR GOLU (fig. 1 4) 

7 .  3 .  I .  THE GEOGRAPHICA L  SITUATIO N

Bey�ehir Goli.i (vilayets of Konya and Isparta), at 
an a!titude of ca. r ,  r 20 m, is located in the central 
part of the eastern limb of the "Courbure d'Ispar
ta" (cf. 2 . r . 2 . ) .  In this l imb was forrned a NW-SE 
orientated, long (at least r 50 km) but narrow 
( r  5 -20  km) zone of nappes (overthrusted folds), 
localized along the axis of a major syneline in 
the underlying l imestone. Thus, the lake is of struc
tural origin. To the east and north of the lake, 
Neogene sediments are exposed over large areas. 
To the west of the lake, the Anamas mountains, 
consisting mainly of l imestone, reach elevations of 
nearly 3 ,000 m.  

To the southwest o f  the lake, a marshy, south
north orientated valley with a few meandering 
rivulets is present (fig. r 3 ) .  The valley is  filled 
with Quaternary sediments. Upstream the rivulets 
do not cut through Neogene sediments, so that i t  
i s  not likely that they brought down Tertiary 
pol len. The boring was carried out in the northern 
part of the valley, at a distance of ca. 2 km east 
of Yesildag ( 3 7° 3 2'3o"N, 3 r 0 3o'oo"E). In con
sequence of the braided river system in the valley, 
gaps in  the local sedimentation may be expected. 
In the Bey�ehir core no obvious indications of a 
hiatus are present. 

The mean annua! precipitation at Benehir, ca. 
2 5 km east-northeast of the coring s i  te, is 499 mm. 
The mean January temperature is just below o°C, 
and the mean August temperature ca. 22°C.  The 
summer (June, July, August) is a decidedly dry 
period with hardly any rain (Walter L9 5 5 ) .  

7 . 3 . 2 .  LITHOLOGY AND RADIOCARBON DATES

The foliowing l i thology was recorded : 
o -o.6 5 m yellow-grey clay with red-brown

(oxidation) spots 
0.6 5 - r .05  m blue-grey clay with red-brown (oxi

dation) spots 
r .0 5 - r . 2 5  m grey clay with red-brown (oxidation) 

spots 
r . 2 5 - r .6 5  111 yellow-grey clay with red-brown 

(oxidation) spots 
r .6 5 -2 . 6 5  m blue-grey clay with red-brown (oxi

dation) spots 
2 . 6 5 - 5 . 4 5  111 blue-grey clay with some fine grave! 

between 4 . 8 5 and 4 .90 m 
For two levels radiocarbon measurements were 
carried out : 
2 . 6 5 - 2 . 8 5  m, 3 , 26 5  ± 3 5  B.P.  (GrN 6 879) 
4 .9 5 - 5 . 2 5  m, 6,090 ± 7 5  B.P .  (GrN 6878 )  
The organic fractions were measured. The car
bona te content of the lower sample was 4°/o, that 
of the upper sample r oO/o. 

7 · 3 · 3 ·  POLLEN ASSEMBLAGE ZONE I (SPECTRA 1 - 3 )  

This zone i s  characterized by high Cedrus pollen 

Fig.  1 3 .  Location of the Benehir coring s i  te. 



Late quaternary vegetation and climate of southwestern Turkey 

_...____.....-- r i  ve r 

y_ V Y. y Y Y. swamps

· 1
. " 

. I . , ,. 
I . � 

. I · .\ 

BEY$EH IR  GOLU 

I \· 
I . . I .

· / . . \. I . \ . I � 
• J
/ . \ 

� 

I
0 500 1000 M 
I MMllMll ...... 

KAYABA$1 

I o u t c rops � elevation contour l i ne - - - - r o a d s

• ,' • fie l d s -- vil lages and telt s + boring 
I I 5 



r r 6 

W .  V A N  Z E I S T/ H .  W O L D R I N G / D .  S T A P E R  T 

values with Pinus in the second place. Of the other 
trees represented in  the Bey�ehir d iagram, only 
Quercus has slightly higher percentages in this 
section. Upland herbs show low pollen percentages 
m zone r .  

The pollen evidence indicates that during zone 
r time, coni ferous forest with predominantly Ce
dnts covered the uplands to the south and west 
of Bey�ehir Goli.i . The results of the surface-sample 
study suggest that the proportion of pine in the 
forests in  the Bey�ehir area was smaller than 
indicated by i ts pollen percentages. During this 
period Abies was not found in the Bey�ehir area, 
not even at a greater distance from the coring 
site; fir pollen is completely absent in the lower
most spectra . Deciduous oak trees were probably 
present, although in smal! numbers. Further, oak 
shrub should have occurred in the undergrowth 
of the coniferous forest. 

The high Sparganium-type values and the fairly 
high Dryopteris percentages point to marsh vege
tations at a short distance from the coring site 
during zone I time. 

The calculated date of ca. 5 , 8 5 0  B.P.  for the zone 
r/2 boundary is based upon an average sedi
mentation rate of r o  cm per r 20 years, which 
can be deduced from both radiocarbon dates ob
tained for the Bey�ehir core (1. 3 . 2 .) .  

7 · 3+ P O LLEN ASSEMBLAGE ZONE 2 (SPECTRA 4- 1 5 )

This zone, which i s  also characterized by high coni
ferous pollen values and generally low herbaceous 
percentages, is  subdivided into three subzones. 

Subzone 2a (spectra 4-7) .  At the transition from 
zones r to 2 Cedrus to a large extent gave way to 
Pinus ; pine became the quanti tatively most im
portant tree in the upland forests of the area. In 
the upper part  of. subione za, the  continuous 
Abies curve �ta�·ts,' with pollen values of over 
0 . 5 °/o, indicating that fir became a constituent of 
the coniferous forest, although probably not in  the 
immediate vicinity of the Bey�ehir coring site. The 
very poor representation of Querots suggests that 
oak played an insignificant part in the vegetation ; 
this species probably occurred only in the under
growth of the coni ferous forest. The slightly higher 
Corylus percentage in  spectrum 5 is not accom
panied by an increased NAP value, so that a pos-

sible (local) expansion of hazel was not induced 
by an opening up of the forest. Almes could have 
grown alongside the water. 

Subzone 2b (spectra 8-10) .  In this subzone 
Pinus pollen values show a slight drop, whereas 
Quercus, Artemisia, Gramineae and Chenopodia
ceae have somewhat higher values. This subzone, 
which probably represents a period of interference 
of man with the vegetation, wi l l  be discussed later 
(7 · 3 · 5  .7 . ) .  

Subzone 2c (spectra 1 1- 15) .  This subzone i s  
nearly identical with subzone za. Only the Cedrns 
pollen values are lower, indicating that the role 
of cedar had diminished further. 
From the high percentages for Dryopteris and 
Botrychium-type in spectra 4, 5 and 6 one must 
conclude that at that time a marsh vegetation of 
predominantly ferns was found at a short distance 
from the coring site. The greater part of pollen 
zone 2 shows fairly high percentages for Tubuli
florae and Liguliflorae Compositae and Centaurea 
solstitialis-type, indicating fluctuations of the lake 
level . One wonders whether the relatively large 
numbers of Polygonum aviodare-type pollen also 
originate from a Polygonum species which ex
panded on intermittently exposed lake shores. The 
high Cyperaceous percentage in the uppermost 
spectrum of this zone points to the presence of a 
marsh vegetation, but this time of a d ifferent type 
than that reflected in spectra 4-6.  

The zone 2/3 contact at 2 . 97' m has a calculated 
date of 3 , 5 3 5  B .P" so that zone 2 lasted from ca. 
5 , 8 5 0  to 3 > 5 3 5  B.P.  

7. 3 .  5 .  POLLEN ASSEMBLAGE Z O N E  3 ( SPECTRA I 6-3 J )

7. 3 .  5 .  r .  lntroduction

Pollen zone 3 is subdivided into 5 subzones. Before 
discussing the particulars of each subzone (7. 3 .  5 .  5 .) 
we will deal with some general features of zone 3 .  

The lower part o f  zone 3 reflects drastic changes 
in the vegetation of the Benehir area. Pinus shows 
a marked decline, whereas the percentages for 
herbaceous pollen types, such as Artemisia, Cheno
podiaceae, Gramineae and Plantago lanceolata
type, increase. However, not only the herbs but 
also the deciduous trees achieve higher pollen 
values. In particular Fraximts ormts and Querrns 
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show a distinct rise. In addition, J uglans, Castanea 
and Sambucus appear. 

The greater part of zone 3 is characterized by 
comparatively low Pinus and high herbaceous pol
len values. Moreover, various deciduous trees and 
shrubs and J uniperns are represented by higher 
percentages. Above spectrum 27 Pinus values in
crease again, whereas the herbs and the deciduous 
tree pollen types decrease. Abies shows a recovery 
as wel l .  

The course of the pollen curves in  zone 3 i s  
undoubtedly a reflection of the interference of man 
wi th the vegetation near the south side of Bey�ehir 
Gi:ili.i. The strong decline in the coniferous pollen 
percentages indicates that during zone 3 time large 
areas were stripped of the natura! forest cover. 

In pollen zone 3, Cyperaceae and Sparganium
type values are usually fairly high, suggesting that 
marsh vegetations prevailed in the vicinity of the 
conng sne. 

7 . 3 . 5 . 2 .  The herbs 

The forest clearings favoured the expansion of 
herbaceous taxa, such as Artemisici, Chenopodia
ceae and Gramineae. Plantago lanceolata-type pol
len reaches similar high percentages in zone 3 .  
It  i s  probable that the increase i n  Plantago was 
not only induced by the forest clearings, but that 
it was also caused by the subsequent grazing in the 
deforested areas. The surface-sample study has 
demonstrated that apparently grazing does not 
necessarily lead to an expansion of Plantago 
species, but higher plantain pol len values were 
always obtained for areas with serious grazing. 

As for palynological indications of crop plant 
growing, Cerealia-type pollen shows relatively 
h igh percentages in zone 3. In the Near East, 
unfortunately, Cerealia-type pollen . is Jess indi
cative of farming than it is in Central ,  West and 
Northwest Europe. Various wild grass species in 
the Near East produce pollen grains of the Cere
alia-type. Characteristic features of Cerealia-type 
pollen (fig. r 5) are the size (at least 40,u in si l icone 
oil mounted slides), the thick wall and the pro
nounced annulus (ring around the pore) . The Near 
Eastern wild grass species with Cerealia-type pol
len, represented in the pollen reference col lection 
in  the Biologisch-Archaeologisch Instituut, include :  

Aegilops kotschyi, Aegilops triuncialis, Agropyron 
intermedium, Agropyron pectiniforme, Bromus to
mentellus, Eremopyrum bonaepartis, Heteranthe
lium piliferum, Hordeum fragile and Stipci lagas
cae. It should be stressed that not all the species 
mentioned above produce exclusively Cerealia
type pollen. 

Barley and wheat, the most important  cereal 
crop plant species in the Near East from the early
Neolithic up to the present time, are self-pollina
tors which release only few pollen grains. As a 
result, these species are seriously under-represented 
in the pollen precipitation and subsequent!y in the 
fossil pollen record. On the other hand, many wild 
grasses, including those with Cerealia-type pollen, 
are wind-pollinators and may have contributed 
essentially  to the pollen rain. 

From the above one must conclude that the 
higher Cerealia-type pollen values in zone 3 of the 
Benehir diagram do not necessarily point to grain
growing, although i t  is very l ikely that cereal 
species and other crop plants were cul tivated by 
the people whose activities are reflected in pollen 
zone 3. The other potential crop plants, such as 
Lens culinaris (lenti l ) ,  Pisum sativum (pea), Vicia 
ervilia (bi tter vetch) and Linum usitatissimum 
(linseed), are insect-poll inators and are for that 
reason scarcely represented in the pol len precipi
tation. 

Fig.  r 5. Cerealia-type pollen grai ns. To the left : A egilops 
kotschyi ; to the right : Tritirnm aestivum. 
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7 . 3 . 5 . 3 .  Cultivated trees 

The Benehir farmers planted juglans (walnut) and 
Castanea (sweet chestnut). The absence of pollen 
of these species below spectrum l 5 at least suggests 
that these trees dit not formerly grow in the area. 
Olea, which is represented in zone 3 by fairly low 
percentages, was probably also cu!tivated. I t  is  not 
l ikely that olives belonged to the natura! vegeta
tion of the Bey�ehir area. A!though it cannot be 
excluded that wild grapes occurred in  the area, the 
presence of Vitis pollen in some spectra of zone 3 
suggests that this species was cu!tivated. 

Very striking are the high Fraxinus omus pollen 
values. Manna ash occurs in the Oro-Mediterranean 
forest vegetations, but it is never a quantitatively 
important constituent, at least not in southwestern 
Turkey. Neither has it been observed that this tree 
expanded in or along forest clearings. In the sur
face-sample spectra from southwestern Turkey, 
Fraxinus omus i s  represented irregularly and, with 
one exception, in  low frequencies. In view of its 
high pollen values in the Bey�ehir d iagram, one 
could wonder whether Fraxinus omus was planted. 
In  this connection the following should be men
tioned. From this tree a sweetish exudate called 
manna can be obtained by making incisions in  the 
bark. The exudate appears also after injuries made 
by cicades. The dried up exudate of the manna 
ash is  used as food as well as for medicinal pur
poses (Von Wiesner 1 92 8 ,  p. 206 3 ) .  At present this 
tree is  cu!tivated in  Sicily and Calabria for its 
manna (Polunin & Huxley 1 970, p. 1 44) .  Tfie 
pollen evidence from Benehir, and also from 
Sogi.it ( 7 · 5  .9 . ) ,  seems to indicate that in south
western Turkey manna ash was cu!tivated in the 
second and first mil lennia B.C. 

7 . 3 . 5 +  V?ild trees 

From the diagram it is obvious that particularly 
Querrns profited from the clearing activities. Ori
ginally, no d istinction was made between the de
cidious oak pollen type and the Querrns calliprinos 
pollen type. Later, when more samples were exam
ined in the section covering pollen assemblage zone 
3, both types were distinguished. In the spectra 
concerned the share of Quercus calliprinos-type 
pollen is indicated by a white bar. It is clear that 

Q. calliprinos was of minor importance in  the 
Benehir area during zone 3 time. This is in accor
dance with the faet that in surface sample 5 6, 
near the south side of Benehir Goli.i, only 5 Q. 
calliprinos-type pollen grains were counted, as 
against 76 of the deciduous oak type. Moreover, 
Q. callip rinos was not observed by the authors in 
the area south of Bey�ehir Goli.i .  

Oak could expand along forest edges and on 
abandoned fields. I t  is  l ikely that  oak was already 
present in  the area as undergrowth in the coni
ferous forests. Thus, in  the present-day Pinus nigra 
forests in the mountains to the south of Benehir 
Goli.i, Quercus cerris is a common shrub. After the 
cutting of pine and cedar, the oak shrub got a 
chance to grow out. The near-absence of Quercus 
pollen in zone 2 does not necessari ly contradict the 
assumption that oak persisted in  the area. In this 
connection one should take into consideration that 
oak shrub does not flower abundantly and that, 
moreover, the pollen does not easily get out of the 
forest. 

]imiperus pollen percentages remain relatively 
low in zone 3, suggesting that juniper did not 
expand great!y in the cleared areas. At present, 
Jimipenis is a common shrub on grazed terrains in 
southwestern Turkey. I t  often forms the last rerni
niscence of the original forest cover. 

Corylus and Sambucus, both of which may have 
occurred as shrub in the conifer forests, probably 
found suitable habitats along forest edges. It should 
be ernphasized that Coryhts did not become a com
mon shrub;  otherwise this species, which has a 
good pollen production and dispersal, should have 
shown considerably higher pollen frequencies. 

The course of the Ostrya!Carpinus orientalis 
curve suggests that either Ostrya carpinifolia or 
Carpimts orientalis expanded to some extent as a 
resu! t  of the forest clearings. It was, in all proba
bility, Carpinus orientalis. Zohary ( 1 97 3 ,  p. 3 6 5 )  
re ports tha t this species occurs in  several op en 
plant communities, sometimes in the form of 
stunted shrub .  

Another tree which apparently profited from the 
clearing activities is  Betula. This is  somewhat 
strange because at present birch is not found in 
the Benehir area. As has already been discussed 
(4 · 3 ·) ,  Betula occurs in  the mountains of eastern 
Anatolia on the Erc;:iyas Dag in Central Anatolia. 
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One might wonder whether ca. 3 ,000 years ago 
the natura! d istribution area of Betula still in
cluded southwestern Turkey, in  consequence of 
which birch could more easily reach cleared areas 
at lower elevations than would have been possible 
at present. However, i t  remains to be explained 
why Betula could  not maintain itself in disturbed 
areas. 

7 . 3 . 5  . 5 .  The Htbzones 

In subzone 3a (spectra 1 6- 1 8 ) ,  the Pinus curve 
shows a rapid decline, while Cedrns decreases like
wise. Over large areas the forest must have been 
cut, but Abies was not yet affected by the clearing 
activities. Fraxinus ormes, J uglans and Castanea 
are represented, indicating that these trees were 
planted by the people who l ived near the south
west side of Benehir Gi::ili.i. Quercus and j unipern5 
could expand on the open terrain. The increase in 
Plantago lanceolata-type pollen probably indicates 
graz111g. 

A conspicuous feature of subzone p are the 
high Salix pollen percentages which are not 
included in the pollen sum. This strong expansion 
of willow points to the presence of rather extensive 
marsh lands, where this tree found suitable habi
tats. One wonders whether these marsh lands came 
into existence as a result of a rapid filling up of 
shallow parts of the lake. In this connection it 
should be rnentioned that the large-scale deforest
ation probably caused a strongly increased ero
sion. The high Umbel l iferous percentages and the 
maxima in various other herbaceous pollen curves 
suggest a local expansion of the taxa concerned. 

Subzone ;b, represented by only one spectrum, 
seems to reflect a partial recovery of Pimts. It is 
striking that Plantago lanceolata-type pollen was 
not found in spectrum 1 9, which suggests that 
grazing had stopped or at least had diminished 
considerably. The faet that the pollen curves for 
Fraxinus ormes, fi,1glans and Castanea do not de
crease (or hardly at all) would plead against a 
temporary abandoning of the area by man. On 
the other hand, this phase may have lasted for as 
short a time as ca. 60 years (see 7 . 3 . 5 .6 . ) ,  during 
which period these trees may have maintained 
themselves without human care. 

In subzone 3c time (spectra 20-24), aga111 large 

areas must ha ve been cleared. Cedrus, the pollen 
values of which show a steady decline from spec
trum l 5 on, has low percentages in subzone 3c .  
Now, the cutting affected Abies l ikewise. Fraxinus 
ornus, Quercus, ]uniperns, Artemisia and Plantago 
lanceolata-type reach relatively high pollen per
centages. It is in  this subzone that Sanguisorba 
minor-type pollen is fairly frequent (cf. 7 . 5  . 9 . ) .  
This subzone reflects extensive forest clearings as 
well as farming activities on a considerable scale. 

S11-bzone 3d (spectra 2 5 -2 7) suggests another 
wave of forest cutting. Pinus pollen values drop 
to as low as ca. 8 °/o. The surface-sample study 
has demonstrated that Pimts pollen values may be 
quite high, although pine is not present (or hardly 
at all) in the area of the sampling site. Thus, the 
surface sample taken south of Bey�ehir Gi::ili.i (sam
ple 5 6) yielded 4 3 °/o Pimts pollen, al though pine 
is found only at some distance from the site. 
Consequently, Pinus pollen values of ro to 20°/o 
in spectra 2 5  to 27 suggest that near the coring site 
virtually nothing was left of the original forest. 

Si1bzone 3e (spectra 28-3  l ) reflects the regenera
tion of the forest. The pollen percentages of herbs 
as well as of deciduous trees decrease markedly,  
whereas those of Pinus and Abies increase. The 
coniferous forest took again possession of the area, 
but cedar failed to recover. Whether the presence 
of Fraxim1s ormts and Ju.glans in this subzone 
indicates that these trees were still grown, be it 
on a much smaller scale, or whether they could 
only maintain themselves to some extent, cannot 
be establ ished. The same applies to Plantago lan
ceolata-type with respect to grazing. Consequently,
i t  cannot be ascertained whether the area was 
abandoned by man abruptly or more gradually.  

It is  doubtf ul  whether in order to obtain arable 
land and grazing terrain of sufficient size the 
forest clearings had to be so extensive as is sugges
ted by the pollen record. It is a ttracti ve to su ppose 
that the forests were primari ly cleared because of 
the timber, that was transported to the larger 
population centres of those days, where it was 
much in demand for construction purposes. 

7 . 3 . 5  .6. The dating

It has already been mentioned that from both 
radiocarbon dates for the Bey�ehir core (1. 3 . 2 . )  an 1 1 9 
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average sedimentation rate o f  I O  cm per I 2o years 
may be deduced for the section between 5 .  r o  and 
2 . 7 5  m. For the section above 2 .7 5  m the average 
sedimentation rate is the same, viz. I O  cm per 
I I 9 years, assuming tha t the surface of the se
diment corresponds with the present time. 

The inferred date for the zone 2/3 boundary is 
3 , 5 3 5  B .P .  (7. 3 +) and for the zone 3/4 contact, 
at 1 . 3 25 m, I , 5  5 5 B.P.  For the subzones the fol
iowing da tes are calcula ted : 

Subzone 3a, 2 .97"-2 . 825 rn :  3 , 5 3 5 - 3 , J 5 5  B .P .  
( l 80 years) . 

Sitbzone 3b.  The upper border of subzone 3 b  
i s  uncertain. Between samples I 9 and 2 0  no inter
rnediate samples could be examined as this section 
of the core had been used up for the radiocarbon 
measurement. It is possible that already at a depth 
of 2 .70 or 2 . 7 5  rn Pimts pollen percentages are 
again low, so that the 3b/3c  boundary should be 
laid at 2 .77" or 2 . 7 5  m instead of at 2 .70 m. Con
seguently, the end of subzone 3b has a minimum 
date of 3 , 29 5  B.P. and a maximum date of 3 , 1 I 5  
B .P .  (2 .62° rn) ,  irnplying a minimum and maxi
murn d uration of this subzone of 60 and 240 years 
respectively (see d iscussion of subzone 3b in 
7 . 3 . 5  · 5  . ) .  

Sitbzone 3c lasted from ca. 3 ,205  ( 3 , 29 5 - 3 , 1 1 5 ) 
B .P .  to 2 , 5 4 5  B .P .  (2 . 1 5  m), that is ca. 660 years. 

Subzone 3d, 2 . 1 5 - 1 . 8 5  m :  2 , 5 4 5 -2 , I 8 5  B .P .  ( 3 60 
years) . 

Subzone 3e, 1 . 8 5 - 1 . 3 2:; m :  2 , I 8 5 - I , 5 5 0  B .P .  (6 30  
years) . 

Thus, the period of extensive human activity 
(with one interuption in subzone 3b) lasted from 
3 , 5 3 5  to 2, 1 8 5  B.P. ,  that is ca. I , J 5 0  years. The 
regeneration of the forest, which may have been 
retarded by the continued presence of man, lasted 
for more than 600 years. 

7 . 3 . 5  .7 . Subzone 2b (spectra 8- rn) 

In comparing subzone 2b with zone 3 it becomes 
li kel y tha t the former reflects a forest clearance 
at a much more modest scale than that of zone 3 .  
As a resul t of the forest clearing, oak could ex pand 
along with various herbs (Artemisia, Chenopodia
ceae, Gramineae) . Plantago lan ceolata-type pollen 
was only found in sample 9 .  The decrease in 
Cedrus pollen values takes place above subzone 2b, 

so that in this case the decline was not the direct 
or indirect result of the activity of man. 

7 . 3 .6 .  POLLEN ASSEMBLAGE ZONE 4 (SPECTRA 3 2-34)  

Pollen zone 4 reflects another forest clearance 
phase followed by the regeneration of the tree 
cover. Pinus as well as Abies show a temporary 
decline, whereas A rtemisia and Chenopodiaceae 
reach again fairly high pollen percentages. The 
Querrns pollen curve has a d istinct peak in zone 4, 
the fi,miperus curve rises slightly and Corylus and 
Ostrya/Carpinus orientalis are represented. There 
are no clear indications of farming activities. It is 
true that in this zone Cerealia-type pollen has 
sornewhat higher values, but this is no proof of 
cereal-growing. Plantago lanceolata-type pollen 
is conspicuously absent in sample 3 3, Fraximts 
ormts continues to decline and pollen of J uglans 
and Castanea was not found. It seems likely that 
zone 4 reflects a forest-cutting period without 
subseguent use of the deforested terrain by far
mers. 

Pollen zone 4 can be dated from ca. l , 5  5 0  to 
I ,045  B .P .  

7 . 3 .7 .  POLLEN ASSEMBLAGE ZONE 5 (SPECTRA 3 5 -3 9) 

The greater part of pollen zone 5 reflects a con
tin uous forest cover, in which Pinus must have 
been by far the dominant tree. Abies and Cedrus 
played only a minor part in the upland vegetation 
of the area, if their pollen had not already been 
brought in from a greater distance. 

The upper two spectra point to increased human 
activity. The curves for Chenopodiaceae, Grami
neae, Cerealia-type and Plantago lanceolata-type 
show a rise, whereas Pimts decl ines rnarkedly. On 
the other hand, Fraxinus omus, ] uglans and Cas
tanea are not represented in the upper two spectra, 
which is in agreement with the faet that at present 
these trees are not found in the area. The upper
most sample, at a depth of 5 cm, does not reflect 
the present-day vegetation pattern as is  clear from 
a comparison with surface sample 5 6, from the 
south side of Benehir Goli.i. In the latter sample 
Pimts and Cednts values are lower and Jimiperus 
and Querrns percentages much higher than in 
spectrum 39 of the Bey�ehir d iagram. This indi-
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cates that since the deposition of the sediment at a 
depth of 5 cm the degradation of the vegetation 
had proceeded further. 

In pollen zone 5 ,  the high values for Cyperaceae, 
Sparganium-type and Dryopteris decrease consi
derably. The disappearance of marsh vegetations 
from the vicinity of the coring site was probably 
due to a rise in the water level of the lake. 

7 . 3 . 8 .  CLIMATIC I MPLICATIONS

It i s  l ikely that the expansion of pine at the ex
pense of cedar at the zone r /i transition was 
caused by a change in climate. Whether this change 
in cl imate implied an increase or a decrease in 
humidity may be d ifficu! t  to determine on the 
ground of the development of the vegetation. Both 
Pimts nigra and Cednts libani show a wide ecolog
ical range. 

The cl imate of zone 2 time was still more 
favourable for cedar than tliat of later periods. 
Because of the large-scale interference of man with 
the vegetation which is reflected in zone 3 the 
natura! development of the vegetation was inter
rupted .  The pollen record suggests that by the 
final stage of subzone 3e, i.e. r ,600 to r ,700 years 
ago, temperature and humidity had reached mo
dern levels. 

7+ HOYRAN GOLU (fig. 17) 

7 .4 . r .  THE GEOGRAPH I CAL SITUATION

The Hoyran core was taken on the northern shore 
of Hoyran Golli ( fig. r 6) ,  ca. 3 km southeast of 
Asagikasikara ( 3 8 ° r 6'3o"N, 30° 5 2'3o"E). Hoyran 
Goli.i forms the northern part of a lake, the south
ern part of which is called Egridir Golu (vilayet 
of Isparta) .  

The lake is s ituated in  a north-south orientated 
basin between the northwestern offshoots of the 
Benehir/Hoyran nappes and the eastern Lycian 
nappes ( 2 . r . 2 .) .  The basin may be an intramontane 
valley which to the north and the south is closed 
by nappes. A narrow rift valley extends from 
Egridir Golu in  a southern direction to Kovada 
Goli.i .  This graben cuts through the nappes and is 
consequently of a later date. It  is not clear to 
what extent tectonics are also responsible for the 

origin of Egridir-Hoyran Golu .  
On the  slopes to  the northwest, north, northeast 

and east of the lake, Neogene sediments are ex
posed over large areas. The other slopes consist 
of l imestone, while to the west of Hoyran Goli.i, 
Tertiary volcanic tuffs are exposed . To the west 
of the lake, the Barla Mountains reach elevations 
of more than 2 , 500 m. 

The boring was carried out in a marshy zone 
between two low ridges. The elevation is  ca. 920 
m.  Near the coring site the fol iowing plants were 
observed : Butomus umbellatits, Scirpus lacustris, 
Phragmites a1-tstralis, Scirpus cf. maritimus, Nlen
tha sp., Veronica cf. anagallis-aqitatica, Polygo
num sp. ,  Potamogeton cf. natans, cf. Nasturtium. 

The slopes to the north of Hoyran Goli.i are 
partly treeless and partly covered by Jimipents 
woodland. 

7 .4 .2 .  LITHOLOGY AND RADIOCARBON DATE

The fol iowing li thology was recorded : 
o -0. 3 5  m dark-grey clay
0. 3 5 -0 .4 5  m grey clay
0.4 5 - r . 3 5  m marley clay with red-brown (oxida

tion) spots 
r . 3 5 - r .6 5  m grey clay with red-brown (oxidation) 

spots 
r .6 5 -2 .00 m dark-grey clay 
2 .00-2 . 8 5  m grey clay, partly with red-brown 

(oxidation) spots 
2 . 8 5 -4 .00 m grey clay with dark spots 
4 .00-4 .2  5 m grey clay with some coarse sand and 

fine grave! 
4 . 2 5 -4 . 3 5  m fine grave! with grey clay 

A radiocarbon measurement was carried out for 
a sample from a depth of r .6 5 - r . 80  m (organic 
fraction) : 2>470 ± 50 B.P .  (GrN-73 24) .  A car
bonate content of ca. 47°/o was determined for 
this sample. 

7 . 4 . 3 .  REMARKS ON THE POLLEN DIAGRAM

In the Hoyran diagram Chenopodiaceae are in
cluded in the pollen sum. However, high Chenopo
diaceous percentages generally coincide with high 
values for Tubul iflorae Compositae and/or Cen
taurea solstitialis-type pollen. This indicates that I 2 I 
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the high Chenopodiaceous pollen values may have 
been caused by an expansion of chenopods on tem
porarily exposed lake shores rather than on the up
land. For that reason, on the right of the d iagram a 
"main diagram B" is drawn, in which Chenopodia
ceae are not included in the pollen sum. The main 
d iagram B may provide a better reflection of the 
relative proportions of trees and herbs in the up
land vegetation. 

In some sections of the Hoyran diagram, Carya 
shows relatively high pollen values. As has been 
discussed above (7. 2 . 3 . 2 . ) ,  the Carya pollen must 
have been redeposited. A l ikely source of Carya 
pollen are the Neogene deposits to the north of 
the lake. Although at present Elaeagnus angusti
f olia i s  a common tree along the banks of streams, 
i t  is likely that the Elaeagnus pollen in the Hoyran 
core is of secondary origin. In the other sediment 

Y. 

cores from southwestern Turkey included in this 
study, Elaeagnus pollen was only once met with 
(Karamik, spectrum 2 8 ) .  Aesculus and Fagus, too, 
are most probably of secondary origin. One must 
assume that more pollen in  the Hoyran core has 
been redeposited, but this cannot be proved. 

7 ·4+ POLLEN ASSEMBLAGE ZONE I (SPECTRA r - 3 )  

Spectra r and 2 are characterized by high tree 
pollen percentages, indicating that at that time 
forest vegetations prevailed in the area around the 
north side of Hoyran Gi::ili.i . Artemisia pollen 
values of 3 -4°/o suggest that either steppe vege-

Fig. 1 6 . Location of thc Hoyran cori ng site. For explana
tion of symbols see fig. 1 3. 

HOYRAN GOLU 0 500 
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tations were found .in  the area to a l imited extent 
or that the forest was fairly open. Pinus and 
Cedrus were by far the main constituents of the 
upland forests. Spectrum 3 forms the transi tion 
to zone 2 .  

The clirnate during zone 1 time was definitely 
fa vourable for tree growth and ma y ha ve been 
very similar to that of to-day. 

7+ 5 ·  POLLE N  ASSEMBLAGE ZONE 2 (SPECTRA 4-8)  

This  zone shows rather high .L:'NAP values. Apart 
from Chenopodiaceous pollen which, in all prob
abili ty, is  largely of local origin (1+3 .) ,  the greater 
part of the herb pollen consists of that of Artemi
sia and Grarnineae. Furthermore, various other 
herbaceous types, such as E phedra distachya-type, 
Polygonum aviculare-type, Umbelliferae, Valeri
ane/la and Scabiosa palaestina-type, show maxima 
in zone 2. Pinus and Cedrus continue to be the 
quantitatively most important tree pollen types . 
Querrns calliprinos-type reaches slightly higher 
percentages, while deciduous oak is represented in 
the upper part of the zone. 

During zone 2 time, steppic vegetations had 
partly replaced the coniferous forest to the north 
of Hoyran Gohi . Kermes oak, and at a later stage 
also deciduous oak, played a minor part in the 
tree and shrub vegetation of the area. 

7+6 .  POLLEN ASSEMBLAGE ZONE 3 (SPECTRA 9- 1 2) 

�NAP percentages are high in zone 3 ,  indicating 
that steppe vegetations, in which Artemisia and 
Gramineae continued to play a prominent part, 
had expanded further at the expense of the conl
ferous forest. It seerns that, cornpared to zone 2,  
the proportion of the other herbs in  the steppic 
vegetations had decreased. 

7+7· POLLEN ASSEMBLAGE ZONE 4 (SPECTRA 1 3 - 1 7) 

In the main diagram B, a continuous decrease in 
.L:'NAP percentages can be observed, although in 
the upper part of the zone the Artemisia curve 
tends to rise slightly. The increase in total tree 
pollen percentages is brought about entirely by 
Pinus and Cedrus. Other arboreal taxa are re
presented by only low pol len percentages ; only 

Querrns cerris/infectoria-type and Alnus show a 
continuous curve in this section. 

In the course of zone 4 time, coniferous forest 
spread again over the area around the north side 
of Hoyran Goli.i .  The still rather high total her
baceous pollen values in the upper part of the 
zone, namely ca. 1 4°/o in the main diagram B, sug
gest that the forests were rather open, allowing a 
rich herbaceous ground cover. In the upper part 
of zone 4 the continuous Abies curve starts. Fir 
would have become at most an insignificant con
stituent of the coniferous forests in the area under 
consideration. It is also possible that Abies stands 
were found only at a greater d istance from the 
Hoyran coring locality. 

In zone 4, Cyperaceae and Sparganium-type 
percentages increase markedly, indicating that 
marsh vegetations had drawn near to the coring 
si te. 

7+8 .  THE INTERPRETATTON OF POLLEN ZONES 2,  3 
AND 4 

Pollen assemblage zones 2, 3 and 4 reflect the 
expansion of steppic vegetations at the expense of 
coniferous forest and the subsequent return of 
the forest. The question arises whether this deve
lopment of the vegetation was due to changes in 
climate or to the interference of man with the 
vegetation. 

At first, before a radiocarbon date was avail
able, i t  was supposed that, like the lower part of 
the Karamik diagram (1 . 2 . 3 .) ,  zones 2 and 3 of 
Hoyran represented a glacial period with a dry 
and cold climate. However, the radiocarbon date 
of 2,{70 B.P. for the level between 1 .6 5 and 1 . 8 0  
m makes a Full-glacial age o f  pollen zones 2 and 3 
J ess likely. I f  one assumes a more or J ess constant 
sedimentation rate for the whole of the Hoyran 
core ( 1 0  cm per ca. 1 4 3  years), the diagram 
should cover the last 5 ,700 years. Even if the 
sedimentation in the lower part of the core has 
taken place considerably more slowly than above 
1 . 8 0  m, an age of more than 1 0,000 B.P.  for the 
upper part of zone 3 is not very probable. Only 
in the case of a hia tus in the section between ca. 
1 .80 and 2 . 20 m, could zones 2 and 3 be of Full
glacial age. 

If the whole Hoyran diagram is of Postglacial 1 2 3 
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age, the strong expansion o f  open vegetations can
not have been caused by a change in  climate, i .e .  
by a marked increase in dryness. For, in  that case 
a similar reaction of the vegetation should ha ve 
been found in the Karamik and Bey�ehir d iagrams, 
which are from the same area. Consequently, one 
wonders whether the drastic decline in forest acre
age could have been the resul t  of large-scale tree 
cu tting. Assuming a constan t sedimentation rate, 
the forest clearance period (zones 2 and 3) should 
have lasted from ca. 5 , JOO to 3 , 5 00 B .P .  In the 
Karamik diagram (fig.  1 2) ,  at a distance of ca. 20 
km from the Hoyran coring site, the only indi
cation of same opening up of the forest in the 
period mentioned above is  provided by the small 
Artemisia maximum at a depth of 2 .90 m (spec
trurn 3 4), with a calculated date of ca. 4 ,8 5 0  B.P. 
(1 . 2 . 5  . ) .  Consequently, any possible large-scale 
forest cutting must have been confined to the sur
roundings of Hoyran Goli.i. 

From the above it wil l  be clear that a really 
satisfactory explanation cannot be presented for 
the changes in vegetation reflected in zones 2 to 4 .  

7 -4 -9 · POLLEN A SSEMBLAGE ZONE 5 (SPECTRA 1 8-20)

This zone reflects a ternporary and fai rly l i rnited 
expansion of steppic vegetations. The character of 
the open vegetation differed from that of zones 2 
and 3 because now Ranunculus must have played 
an important part. In addition to Artemisia and 
Ranunculus, a large nurnber of other herbaceous 
taxa is represented in zone 5 ,  suggesting that the 
steppic vegetations were rich in species. 

7 + 1 0 .  POLLEN ASSEMBLAGE ZONE 6 (SPECTRA 2 1 - 2 5 )  

Zone 6 is  characterized by high IAP values, i rn
plying that the area was largely covered by pine 
and cedar forest. As du ring zone 5, kermes oak 
and deciduous oak were of sorne importance in 
the upland vegetation during the lower part of 
zone. 6 Oak species rnay have occurred rnainly 
in the undergrowth of the coniferous forest. In 
the upper part of zone 6 the proportion of oak 
had fallen off. 

In the main d iagram B, the 2.'NAP curve shows 
a slight rise in the upper part of zone 6, which 
is  completely accounted for by the Gramineous 

percentages. The marked increase in Chenopodia
ceous pollen values is accornpanied by a similar 
rise in the curves for Liguliflorae Compositae and 
Centaurea solstitialis-type. Consequently, a local 
expansion of chenopods on the temporarily ex
posed lake shore seerns l ikely. 

7 -4 - l I .  POLLEN ASSEMBLAGE ZONE 7 (SPECTRA 26 
AND 27) 

Zone 7 shows a nse 111 the 2'NAP curve (main 
d iagram B), which is  brought about mainly by 
Ranunculus repens-type, Caryophyllaceae, Brassi
ca-type and Capsella-type. On the other hand,
Artemisia pollen values rernain low. Pinus as well 
as Cedrus decl ine to sorne extent, but Quercus 
calliprinos-type and Quercu.s cerrislinfectoria-type 
increase slightly. 

The expansion of open vegetations was most 
probably caused by the activity of man. I t  is 
clear that the upper spectrurn, at a depth of r o  cm, 
does not yet reflect the present-day vegetation to 
the north of Hoyran Goli.i, in which j uniper con
stitutes the most important arboreal species. During 
zone 7 time, marsh vegetations were again found 
in the vicinity of the coring site. 

7. 5 .  SOCUT GOLU (fig. 1 9)

7· 5 .  I .  THE GEOGRAPHI CAL SITUATION

Sogi.it Goli.i (vilayets of Burdur and Antalya), at 
an elevation of I , } 93 m, is located in an intramon
tane depression in  the eastern Lycian nappes, the 
youngest of which are from the Miocene (Brunn 
et al .  1 97 1 ) .  The .basin is filled with Quaternary 
sediments. Neogene deposits are not exposed in the 
area. The slopes around the basin consist mainly 
of Mesozoic limestone. Ultrabasic rocks are ex
posed to the west and south of the basin. A highly 
calcareous Eocene flysch zone is found along the 
eastern edge of the basin. The highest peak of the 
Kizilcadag mountains, to the south of the Sogi.it 
basin, is over 2 , 5 00 m. The estirnated annua! pre
cipitation at Sogi.it is 700-800 mm. 

Apart from sorne scattered juniperns, the slopes 
around the basin are devoid of trees . The defores
ta tion of the Sogi.it area must have been of recent 
date (cf. 7 . 5  . r o.) . 
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Sogi.i t Goli.i (fig. 1 8 )  was surrounded by a marsh 
vegetation belt. In 1 969, the lake was largely 
drained. The coring was carried out in the south
eastern part of the drained lake, ca. 7 .  5 km north
west of Kizilcadag ( 37°03'N, 29° 5 3'E). In the 
v icinity of the coring site the following plants 
were noted : Phragmites australis, Agrostis, J uncus, 
cf. Nasturtium, Butomus umbellatus, Alisma plan
tago-aquatica, Scirpus, Veronica cf. anagallis-aqua
tica and Ranunculus (sect. Batrachium). 

7.  5 .  2 .  LITHOLOGY AND RADIOCARBON DA TES

The following lithology was recorded : 
o -0 .20 111 dark-grey clay
0. 20-0. 5 5 111 grey clay with dark spots
0 . 5  5 -0 .9 5  m yellow-grey clay 
0 .9 5 - r .4 5  111 grey clay 
r .4 5 - r .6 5  m grey clay with red-brown (oxidation) 

spots 
r .6 5 - r . 80  m grey clay 
1 . 80-2 .00 m grey clay with shells 
2 .00- 3 . 40 m blade to dark-grey clay with shells 
3 .40-3 .60 m marl 
3 .60- 5 . 3 5  m blue-gray clay : the bottom of the 

basin was not reached 

For two levels a radiocarbon date was obtained : 
2 . 0 5 -2 .20 m organic fraction, 2 ,8 8 5  ± 3 5  B.P. 

(GrN-64 5 2) 
3 . 2 5 -3 . 4 5  m organic fraction, 9, 1 80 ± 9 5  B .P .  

(GrN-6 8 8 3 ) ;  åC3 = -4.0°/oo 
calcareous fraction, r o, 1 5 0  ± q o
B.P.  (GrN-6889) 

The carbonate content of the sample at 2 .05-2 .20  
m was ca .  69°/o, that of  the other sample ca .  8 6°/o. 

7 .  5 .  3 .  REM ARKS ON THE POLLEN DIAGRAM

Gramineae are not included in the pollen sum. 
The faet that h igh grass pollen percentages (spec
tra 1 2- 1 3 , 1 9-26, 2 8 ,  3 3 -3 5 )  coincide with high 
values for Sparganium-type and/or Cyperaceae 
suggests that most of the Gramineous pollen in the 
samples concerned originated from the local marsh 
vegetation. As the comparatively high Euphorbia 
values in spectra 14 and r 8-20 are probably also 
of local origin, this pollen type is not included in 
the pollen sum either. 
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Fig. 1 8 .  Location of t he Siigi.it coring si te. For explanation 
of symbols scc fig. r 3. 

The high Chenopodiaceae percentages in the 
section covered by samples 4 to 1 2  are accom
panied by high values for Tubuliflorae and Liguli
florae Compositae and Centaurea solstitialis-type. 
This could indicate that one or more chenopod 
species expanded on temporarily exposed lake 
shores, so that a considerable proportion of the 
Chenopodiaceous pollen in  the section concerned 
would be of local origin.  On the other hand, the 
Chenopodiaceae maximum in spectra 1 5  and 1 6  
is  not paralleled by similar maxima in Compositae, 
whereas, in  spite of high values for Tubuliflorae 
and Centaurea sols titialis-type in spectra 1 8 -20, 
the Chenopodiaceous percentages remain low in 
this section. I t  is l ikely that the Chenopodiaceous 
pollen is largely of upland origin, and consequently 
this pollen type is included in the pollen sum. In  
the lower part o f  the d iagram a certain parallel ism 
between the curves for Tubuliflorae and Matri
caria-type can be observed, which could indicate 
tha t at least part of the M a tricaria-type pollen 1s 
of local origin. 1 2 5  
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The radiocarbon date o f  2 , 8 8 5  B.P.  for the level 
of 2 .0 5 -2 . 20 m points to an average accumulation 
of IO cm sediment per r 3 5 years for the upper part 
of the deposit. In  the preceding period, between ca. 
9 , r 80 and 2 , 8 8 5  B .P" sedimentation was much 
slower, viz. IO cm per 5 r 5 years. It is not probable 
that the sedimentation rate changed suddenly 
between 2 . 20 and 2 .0 5  m.  A gradual increase in 
the deposition of sediment is more l ikely, but 
where this started and how long it  l asted cannot 
be determined without more radiocarbon dates. 
However, one must take into consideration that in 
the up per part of the section between 3. 3 5 and 
2 . 1 25 m, the sedimentation was probably more 
than I O  cm per 5 r 5 years, whereas in the lower 
part of the section above 2 . 1 2° m it was perhaps 
l ess than IO cm per r 3 5 years. 

Because of the inequality in the average sedi
mentation rates in both sections, we did not feel 
we could date the pollen zones below a depth of 
3 . 3 5  m by extrapolation of both radiocarbon dates. 

7· 5 +  POLLEN ASSEMBLAGE ZONE I (SPECTRA r - 3 )

Zone r is characterized by  high herbaceous pollen 
values, particularly for Artemisia and Chenopo
diaceae. Pimts and Q1,tercHs cerrislinfectoria con
stitute the quantitatively most important tree pol
l en types . The other trees represented in zone r 
include : Cedrus, Betula, Ostrya/Carpinus orientalis 
and Acer. 

During zone r time, the greater part of the area 
was probably covered by steppe vegetations, in 
which A rtemisia and Chenopodiaceae played an 
important part. Another vegetation type was for
med by coniferous stands with pine and cedar. 
A third component consisted of broad-leaved trees, 
such as Querrns, Ostrya carpinifolia and/or Car
pinHs orientalis and Acer. Further, Betula would 
have been present. Although the possibil i ty that 
during zone r time, the Sogi.it area was largely 
covered by forest-steppe vegetations cannot be 
excluded, the authors visualize more a mosaic of 
steppe vegetations and tree stands. 

We mentioned already that no satisfactory age 
calcula tion can be made for zones r to 3. There 
can, however, be no doubt that zone r dates from 
the last glacial period, implying considerably lower 
temperatures that at present. The high Artemisia 

percentages point to dry cl imatic cond itions. 
Similarly to the si tuation on the high plateaus 

of eastern Anatolia (Zohary r 97 3 ,  p. 1 72) ,  the 
relative scarcety of arboreal vegetation during 
zone r time may have been caused by  a combina
tion of strong winds and a short growing season. 
Precipitation may not have been the l imiting fac
tor. Trees and shrubs could grow only in places 
which were less exposed to the wind .  Cloudy 
weather in the spring, resulting in  little sunshine, 
could have been partly responsible for the short 
growmg season. 

7 . 5 . 5 .  POLLEN ASSEMBLAGE ZONE 2 (SPECTRA 4-9)

This zone is subdivided into two subzones. Subzone 
2a (spectra 4-6) shows a d istinct rise in  Q1,terrns 
cerrislinfectoria-type percentages, whereas Arte
misia, Pimts and Cedrus decrease. Chenopodia
ceous pollen values are somewhat higher than in 
zone r .  The pollen evidence suggests an  expansion 
of oak at the expense of the conifers . Deciduous 
oak not only replaced pine and cedar, but i t  prob
ably also spread in  formerly treeless areas. Of the 
other deciduous trees dernonstrated for zone r ,

only Acer may have increased somewhat a t  the 
beginning of subzone n .  It  seems that Betula had 
lost ground ( its pollen is absent in spectrum 6) ,  but 
Hippophae is much better represented than in zone 
r .  It has a lready been mentioned (1 .2 . 3 . 3 . )  that 
Hippophae has a very wide ecological as well as 
geographical range. 

During subzone 2a time, the vegetation pattern 
in the Sogi.it area may stil l  have consisted of a mo
saic of steppe vegetations and tree or shrub stands, 
although the fairly h igh Qiterrns pollen  percent
ages could l ikewise point to predominant!y oak 
forest-steppe and steppe-forest vegetations. 

In  subzone 2b (spectra 7-9), ZNAP again 
reaches the same values as in  zone r ,  but Artemisia 
hardly participates in the increase. The Qiterrns 
curve shows a sharp decline between spectra 6 and 
7; Cedrns and Ostrya/Carpinus orientalis are not 
represented in this subzone. The proportion of 
deciduous oak in the vegetation decreased at the 
transition from subzone 2a to subzone 2b. This, 
however, was not accompanied by a re-establ ish
ment of conifers in the area. 

At first sight, the change in vegetation that took 
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place at the beginning of zone 2 seems difficult 
to explain in  terms of climatic changes. For, in 
subzone 2a, the conditions became more favourable 
for oak, but at the same time unsuitable for pine 
and cedar, which must have disappeared from 
the Sogi.it area. One wonders whether the cl imate 
of subzone 2a time was warmer as well as drier 
than that of zone r .  The increased temperatures, 
implying a longer growing season, could have 
favoured the expansion of oak, whereas at the 
same time it became too dry for Pinus and Cedrus. 
In this respect it should be remembered that at 
present deciduous oak penetrates further into the 
dry steppe areas of Central Anatolia than conifers 
do. The increased share of chenopods in the vege
tation of subzone 2a time may l ikewise have been 
the resul t  of a drier climate. The greater dryness 
does not necessarily imply a decrease in precipita
tion. It may have been caused by the rise in tem
perature. 

I t  looks as i f  at the beginning of subzone 2b 
time the dryness increased further, as a result of 
which deciduous oak declined. The presence of 
Quercus calliprinos in this subzone, under dry and 
not too cold climatic conditions, is not astonishing. 
I t  is striking that in this subzone Acer and Ost rya/ 
Carpinus orientalis, which are less xeric than some 
of the deciduous oak species, are not present, or 
hardly at  all. On the other hand, the represen
tation of Corylus is d ifficul t to reconsile with a 
dry cl imate. One wonders as to how far the pollen 
of hazel, and also of other taxa, must be ascribed 
to long-distance transport or to redeposition. The 
occurrence of Alnus pollen in zone 2 and in other 
sections of the d iagram points to the presence of 
edaphically suitable habitats for alder along the 
banks of streams and the like. 

7 . 5 .6 .  P O LLEN ASSEMBLAGE ZONE 3 (sPECTRA I O- I 8 )

Zone 3 is subdivided into 3 subzones . Subzone p 
(spectra r o- 1 2) has low ZAP values, 20°/o on the 
a verage. Quercus cerrislinfectoria-type accounts 
wholly for the decrease in tree pollen values, 
whereas Pinus and Cedrus even show a slight 
increase. I t  is clear that the pollen record of sub
zone p is the reflection of largely treeless vege
tations. Forest stands were probably confined to a 
few place.s. The question arises which trees were 

found in these scattered forest stands. Do the in
creased values for pine and cedar in spectra I I and 
I 2 indicate that these conifers were again present 
in the Sogi.it area? There is reason to doubt whether 
this is true. The low pollen sums in  samples I I 
and I 2, viz. I O I  and I o 8  respectively, suggest a 
low pollen production by the upland vegetation 
of the Sogi.it area. As a result, the proportion of 
long-distance pollen in the spectra concerned may 
be quite high. As cedar and, in  particular, pine 
ha ve a good pollen dispersal, the representation 
of these taxa in samples I I  and I 2  may be entirely 
due to long-distance transport. In addition to oak, 
Betula and Hippophae may have occurred in the 
Sogi.it area at the time. 

In subzone 3 b (spectrum q),  tree pollen values
account for more than 5 0°/o. Querots and Pimts 
show fairly high percentages, Cedrus reaches 3 . 5 °/o 
and, for the first time, J uniperus is represented by 
a somewhat larger number of pollen grains. During 
this subzone, the vegetation pattern may have been 
rather similar to that of subzone 2a, but now in 
addition to oak groves, j uniper and pine-cedar 
stands were found. 

In subzone 3c (spectra I 4 - I 8 ) ,  arboreal pollen 
percentages are low again, with a minimum value 
of 7 . 5 °/o in  spectrum I 6 . A conspicuous feature of 
this subzone are the extremely high Artemisia 
percentages, up to more than 60°/o. The zone 3/ 4 
contact is placed between spectra I 8  and I 9 . I t  is 
true that the rise in arboreal pollen starts from a 
lower level, but the sharp decline in the Artemisia 
curve takes place between spectra I 8  and I 9 . 

During subzone 3 c  time, the vegetation of the 
Sogi.it area was most probably a steppe with only 
very scattered stands of Quercus and Betula. Ar
temisia played a predominant part in the steppe 
vegetations, but the proportion of Chenopodiaceae 
would ha ve been smaller than in  the preceding 
periods. On the other hand, Ephedra was more 
common in the vegetation of subzone 3c than be
fare. 

The climate of subzone p time must have been 
very unfavourable for tree growth. The relatively 
high pollen percentages for oak and pine in sample 
1 3  (subzone 3b) point to a quite considerable 
amelioration of climate compared to that of the 
previous subzone. Precipitation, in  particular, must 
have increased markedly. I 27 
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The climate of subzone 3 c  time must again have 
been characterized by a greater dryness. During 
this subzone, conditions for tree growth became 
more adverse than during any other period re
presented in the Sogi.it diagram. One wonders 
whether the relatively high Quercus calliprinos
type percentages, the presence of Ostrya/Carpimts 
orientdlis and the increase in J uniperus in spectra 
l 7 and l 8 could point to the return of a somewhat 
moister climate. The upper l imit of zone 3, at a 
depth of 3 .  2 5 m, has a calcula ted da te of 8 ,6 70 
B .P .  The amelioration in climate and the initially 
slow increase in  tre es ma y ha ve started some 
l o,ooo years ago. 

7 . 5 .7 .  POLLEN ASSEMBLAGE ZONE 4 (SPECTRA 1 9-26)

At the beginning of zone 4 the Artemisia curve 
shows a sharp decline. The decrease of the total 
herbaceous pollen percentages is more gradual and 
the lowest values are reached at the top of this 
zone (spectra 2 5  and 26) .  The steacly decline in  the 
herbaceous pollen percentages is interrupted by 
a low maximum in spectrum 24. Pinus attains a 
value of ca. 3 0°/o in spectrum 20, falls back to 
about 1 2°/o in spectrum 24,  and shows again 
ca. 30°/o values in spectra 2 5 and 26. From the 
base of zone 4 on, the Quercus cerrislinfectoria
type curve rises, although not steadily, to more 
than 4 5 °/o in spectrum 24,  and declines subsequent
ly in the upper part of the zone. juniperus reaches 
similar high percentages in this zone, wi th a 
maximum of 30°/o in spectrum 2 3 .  From spectrum 
20 onwards Cedrus is represented in low percenta
ges. 

An attempt to reconstruct the vegetation pattern 
during zone 4 time meets d ifficul ties. It is reason
able to assume the presence of oak and pine forests. 
The distribution of both forest types must have 
been determined by altitude and exposure. One 
could imagine that oak forests were found par
ticularly at lower elevations in and around the 
Sogi.it basin, whereas pine forests occurred above 
the deciduous forest belt, where the humidity was 
somewhat higher. The Quercus maximum and 
Pinus minimum in spectrum 24 could point to a 
temporary expansion of the oak forest belt at the 
expense of the coniferous forest. 

The question remains whether ]uniperus formed 

separate stands or whether this tree occurred to
gether with either Quercus or Pinus. The course of 
the curves for these three types does not provide 
any dues to solve this question. The lower part of 
zone 4 ,  spectra 1 9-23 ,  suggests a co-existence of 
oak and juniper, but in the upper part of the zone, 
spectra 24-26, the curves for both pine and j uniper 
show a distinct rise. The expansion of oak in the 
period represented by spectrum 24, affected both 
pine and juni per. On the other hand, in  zones 5 ,  
6 and 7 ,  the course o f  the curve for juniper is 
fairly identical to that for oak. Mixed stands of 
juniper and pine (Pinus nigra-Juniperus excelsa 
forests) as well as of juniper and oak (Quercus 
pubescens-juniperus excelsa forests) are reported 
for Turkey by Zohary 1 97 3  (pp. 2 8 7  and 293 ) .  
However, ]uniperus may similarly have formed 
a separate forest type. In an y case, the beha viour 
of juniper was independent of that of pine and 
oak. 

The behaviour of Cedrus in subzone 6a (7 · 5 .9 . )  
suggests that in the Sogi.it area cedar d id  not  occur 
in mixed stands with pine, juniper or deciduous 
oak. Very probably cedar forests were found at a 
somewhat greater distance from the valley bottom.  

Interpolation of both radiocarbon dates avail
able for the Sogi.it core results in  a date of ca. 
3 ,6 5  5 B.P. for the zone 4/5 boundary at  2 . 275 m. 
As the sedimentation rate in the upper part of 
zone 4 may have been higher than the average of 
lo  cm per 5 l 5 years for the section between 3 .  3 5 
and 2 . 1 2" m (7 · 5 · 3 ·) ,  the date of 3 ,6 5 5  B .P .  is 
probably too old and the zone contact may date 
from several hundred years later. 

The replacement of steppe vegetations by forests 
must have been the result of a marked increase in 
humidity. The rather slow spread of trees (ca. 
3 ,ooo years ela psed between spectra l 8 and 2 3 )  
suggests a gradual increase in humidity. During 
zone 4 time, temperatures were most probably 
somewhat higher than at present. The humidity, 
on the other hand, would not ha ve reached modern 
levels. The latter conclusion is based upon a com
parison of the present-day natura! vegetation with 
that of zone 4 time. The upper part of the Sogi.i t 
d iagram (7 .  5 .  l o.) indicates that without the inter
ference of man the slopes around the Sogi.it basin 
would still be covered by predominantly pine forest. 
The large proportion of deciduous oak in the 
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forest vegetations of zone 4 time suggests that 
the climate was drier than at present. In this con
nection it should be remembered that some deci
duous oak species, such as Querrns cerris and Q. 
pi1besce11s, are more drought-resistant than pine. 

7 .  5 .  8. POLLEN ASSEMBLAGE ZONE 5 (SPECTRUM 2 7)

Although zone 5 consists of only one spectrum, it 
has been distinguished as a separate zone because 
of the important change in vegetation reflected in 
the spectrum concerned. Zone 5 shows a marked 
increase in Pinus and a decrease in Quercus and 
]uniperns, suggesting an expansion of pine forest 
in areas formerly occupied by oak and juniper. 
The development of the natural vegetation in the 
Sogiit area was interrupted by the interference of 
man (7 .  5 .9.). The expansion of pine points to an 
increase in humidity. 

7 · 5  .9 .  POLLEN ASSEMBLAGE ZONE 6 (SPECTRA 2 8-40)

In subzone 6a (spectra 2 8- 37), a nearly continuous 
decrease in ZAP percentages takes place. This 
decline includes Pinus as well as Querrns cerrisl 
infectoria-type and ]uniperns. In the upper part 
of this subzone, juniperns pollen values have drop
ped to nearly zero. In spite of the decl ine in total 
tree pollen values, Olea, Fraxinus ornus, Querrns 
calliprinos-type, jieglans and Vitis show the high
est percentages of the whole diagram in subzone 
6a. Moreover, Ulmus, Alnus, Corylus and Bet"da 
are represented by relatively high percentages. 
Artemisia, Cerealia-type, Plantago lanceolata-type, 
Brassica-type and many other types participate 
in  the increase in herbaceous pollen values. 

In subzone 6b (spectra 3 8-40) a strong increase 
in tree pollen can be observed. This increase is 
completely accounted for by Pintts, as all other 
arboreal pollen types, except Cedrns, decrease. The 
decline in herbaceous pollen involves many types . 

Similarly to zone 3 of the Bey�ehir d iagram, 
zone 6 of the Sogiit d iagram reflects large-scale and 
long-lasting forest-cutting and farming activities, 
followed by a regeneration of the forest. In the 
Sogiit diagram two phases can be distinguished, 
viz. a phase with steadily decreasing ZAP values 
and consequendy increasing herbaceous pollen per
centages (subzone 6a), and a renewed rise of the 

ZAP curve (subzone 6b ). In the course of the 
period of habitation, the Sogiit farmers must have 
gradually expanded the cleared terrain.  

The deforestation probably affected pine as 
well as oak and juniper, although i t  cannot be 
determined as to what extent a change in climate 
contributed to the decrease of Querrns and ]uni
perns. In this connection it is significant that oak 
and juniper did not participate in the regeneration 
of the forest (subzone 6b). One must assume that 
in the final stages of the colonization a large part 
of the Sogi.it area was devoid of forest. 

It is  striking that cedar did not suffer from the 
forest-clearing activities. At least the Cedrus curve 
does not show a decline in subzone 6a. This in
dicates that this tree was not present, or hardly at 
al l ,  on the slopes around the basin, which were 
affected by the activi ties of man. Apparendy, 
cedar forests were found only at some greater 
d istance from the coring site. 

As at Bey�hir, the Sogi.it farmers cultivated 
Olea europaea, ]uglans regia, Vitis vinifera and 
Fraxinus ornus (see 7 . 3 . 5  . 3 .) .  Castanea sativa is 
hardly represented in the Sogiit d iagram (spectra 
29 and 3 1 ), indicating that this fruit tree must 
have been of minor importance here. The earlier 
cultivation of olive in the Sogiit area, at elevations 
of I AOO m and more, may point to milder winters 
than at present . Nowadays Olea is not cultivated 
in the Sogiit area, and this tree does not usually 
occur above 1 ,200 m in southwestern Tur key. The 
Olea pollen curve shows a drop in the upper part 
of subzone 6a, which indicates that olive cu!ti
vation declined in the final stages of the land 
occupation. The pollen evidence suggests that the 
cultivation of Fraxinus ormes was given up long 
before the area was abandoned. 

Querrns calliprinos, Betula and Coryhes profited 
to some extent from the activ ities of the Sogi.it 
farmers. The fal l of the Q. calliprinos-type curve 
in the upper part of subzone 6a suggests that in 
the course of the period of habitation the propor
tion of kermes oak decreased markedly. One won
ders whether this could have been due to a more 
intensive collecting of fire wood, particularly in  
the valley and on the lower parts of the slopes. 

The comparatively high Cerealia-type pollen 
values in  subzone 6a rnay be a reflection of grain
growing by the Sogi.i t  farmers. The complications 1 29 
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with respect to palynological evidence for grain
growing in  the Near East have already been dis
cussed (7 . 3 . 5 . 2 . ) .  Attention should be paid to the 
Hitmulus!Cannabis pollen type, which shows a 
continuous curve in subzone 6a. There can be !itt!e 
doubt that either H umulus or Cannabis was grown 
by the Sogi.it farmers. A!though Godwin ( 1 967) 
claims that the pollen of Cannabis can be separated 
from that of H umulus, the present authors do not 
feel able to make this distinction. Consequently, 
on the basis of the pollen evidence it cannot be as
certained whether hemp or hop was cu!tivated in 
the Sogiit area . The beginnings of the use of hop 
cones in brewing beer are still obscure, a!though 
beer i tself had already been known to the Baby
lonians since about 4 ,000 B .C. So far, palaeobo
tanical and l iterary evidence for the cultivation of 
Cannabis sativa dates back to the second half of 
the first millennium B .C. Thus, Herodote (ca. 
484  B .C.) reports that the Scytes and the Thra
cians, who l ived north and west of the Black Sea, 
cu!tivated hemp. From the above it wi l l  be clear 
that the available data do not provide an in
dication for determining which species produced 
the Humidus!Carinabis pollen type in subzone 6a 
of the Sogi.it d iagram. 

The curve for Plantago lanceolata-type pollen 
shows a distinct rise in the course 'of subzone 6a, 
suggesting that the grazed area expanded as the 
deforestation proceeded. Not only do various 
herbaceous pollen types show fairly high per
centages in this subzone, but also the number of 
types is markedly great. The large-scale forest 
clearances must have favoured the development of 
a herbaceous plant cover which was rich in species 
as well as in individuals, particularly if the grazing 
pressure was not too serious, for over-grazing 
resu!ts in the elimination of many species. 

In the land-occupation sectio11 of both the Bey
�ehir (7 .  3. 5 .  5 .) and the Sogiit' d iagi;ams, Sangitisorba 
minor-type pollen is present in relatively high 
percentages. One wonders whether this pollen type 
could have originated from Poteriimi (Sarcopo
terium) spinosum, a spiny dwarf shrub which is 
very common in seriously degraded vegetations in 
the Eu-Mediterranean zone. I t  is  true that this 
species is found up to r ,200 m, but its optimal 
range is  from r oo to 700 m (Zohary 1 97 3 ,  p. 397) .  
Consequently, i t  is  not  very likely that i t  was 

Poterium spinosum which played a fairly impor
tant part in the secondary vegetations at Bey�ehir 
and Sogiit. It seems more probable that Sanguis
orba minor was involved. 

Concerning the duration of the forest-cutting 
and farming activities reflected in  subzone 6a, 
which covers the section between 2. 1 2 5 and r .40 
m, the fol lowing remarks can be made. The a verage 
sedimentation rate of r o  cm per r 3 5 years in the 
section between 2 .  r 25 m and the surface implies 
an occupation of ca. r ,ooo years. The colonization 
of the area in and around the Sogiit basin must 
have lasted from ca. 2 , 8 8 5  to r ,900 B.P.  (9 3 5  B.C.-
50 A.D.) .  I f  in the section covered by subzone 6a 
the sedimentation was somewhat less than ro cm 
per 1 3 5  years (7. 3 . 5 . ) ,  the land-occupation period 
must have lasted longer. It is, however, unlikely 
that i t  was considerably more than the calculated 
r ,ooo years. 

The regeneration of the forest, subzone 6b, 
covering the section between r .40 and r .  r o  m, 
lasted ca. 400 years. By r , 5 00 B.P.  the whole area 
was again covered by forest. 

7 · 5  . r o. POLLEN ASSEMBLAGE ZONE 7 (SPECTRA 4 1 - 5 r ) 
Zone 7 is characterized by very high Pinus pollen 
percentages. Of the other trees, only Cedrus shows 
a continuous curve with values between ca. 2 and 
6°/o. Herbaceous pollen values are insignificant;  
of the types included in  the pollen sum, only 
A rtemisia is represented in all the spectra of this 
zone. 

During zone 7 time, the Sogiit area was covered 
by coniferous forests with predorninantly pine. 
Cedar must have been of minor importance. Deci
duous oak and juniper, which played a very im
portant part in the vegetation pattern of the 
Sogiit area during zone 4 time, must only rarely 
have been found here during zone 7 time

_
. 

It should be remarked that the modem tree cut
ting, which resu!ted in the complete deforestation 
of the Sogiit area, is  not represented in the dia
gram. Even the possible beginning of the large
scale deforestation is  not indicated in the diagram. 
This is somewhat strange, as the core was taken 
in a part of the drained lake which had not yet 
been brought into cu!tivation. Apparently, the top 
of the sediment had disappeared, perhaps as a 
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result of wind erosion of the exposed surface. 
The plant cover reflected in zone 7 may be 

considered as the climax vegetation under present
day climatic conditions. This would indicate that 
at the beginning of the zone, i . e .  ca. r , 5 00 years 
ago, precipitation and temperature had reached 
modern levels. It has already been suggested that 
the expansion of pine at the expense of oak and 
j uniper in zone 5 could point to an increase in 
humidity. Due to the interference of man, the 
natura!  development of the vegetation was inter
rupted during subzone 6a time. However, the faet 
that oak and juniper did not participate in the 
reforestation reflected in subzone 6b may indicate 
that during subzone 6a time the humidity had 
increased further. The decrease in Olea in the up
per part of subzone 6a could be an indication of 
a fal l  in winter temperatures. Olives are not resis
tant to severe frost. The increase in humidity to 
modern levels probably started in zone 5 time, 
while indications of a drop in winter temperatures 
date back to the upper part of subzone 6a. It is 
possible that summer temperatures also decreased, 
but on this point the palynological evidence does 
not provide information. 

7 .  5 .  I l .  THE LOCAL VEGETATION

The fairly high pollen values for Tubuliflorae and 
Liguliflorae Compositae and Centau.rea soLstitiaLis
type in the section between 5 . 1 0  and 3 , 9 5  rn, point 
to fluctuating lake levels (1 . r .) .  The greater part 
of the section between 4. lo and r .40 m is 
characterized by high percentages for one or 
several marsh plant taxa ( S parganium-type, Cy
peraceae, Gramineae) , suggesting that marsh vege
tations were found near the coring locality. In this 
section, 1VlyriophyLLum, Nymphaea and Ranu.ncu
lu.s peltatus-type (of which the last-memioned pol
len type includes some species of the subgenus 
Batrachium) are present. Pollen of these water 
plants was counted in particularly large numbers 
between r .9 5  and r . 5  5 m ,  indicating that at that 
time water-milfoil, water-li ly and water crow
foot must have been very common there. 

Apparently, extensive marsh vegetations can 
also maintain themselves under circumstances of 
fluctuating lake levels. At least the high percent
ages for Tubuliflorae and Centaitrea solstitialis-

type in spectra l 8-20 suggest intermittently ex
posed lake shores. It is not clear whether Euphor
bia, rather high pollen percentages of which were 
established for spectra 1 4  and l 8-20, formed part 
of the marsh vegetation or of the plant cover on 
exposed lake shores. I t  is striking that the maxima 
in the Eu.phorbia curve coincide with maxima in 
the curve for Lycopodiu.m, which may also have 
formed part of the local vegetation. At present, 
Lycopodiitm species are not found in southwestern 
Turkey (Davis 1 9 6 5 ,  pp. 3 5 - 3 6) .  

The upper part of the core, above r .40 m,  does 
not generally show conspicuously high percentages 
for taxa from the local vegetation. It seems that 
the lake level was fairly high, in consequence of 
which marsh vegetations and vegetations from ex
posed lake shores were found only at a greater 
distance from the coring site. 

7 .6 .  KOYCEGIZ GOLV (fig. 2 2) 

7 .6 . I .  THE GEOGRAPH I CA L  SITUATION

Koycegiz Goli.i (vilayet of Mugla) is  situated in 
the Koycegiz Plain (fig. 20). A soil survey was 
carried out in the Koycegiz-Dalaman area by Pons 
and Edelman ( l 96 3 ) .  The fol iowing is  mainly
taken from their publication. 

The Koycegiz Plain forms part of a small rift 
valley .  The tectonics involved are still active, and 
historical earthquakes are known. The plain is 
surrounded by hil ls and mountains consisting of 
Mesozoic l imestone and ultrabasic rocks. Neogene 
deposits are not exposed in the area, but the Dala
rnan river, which once may have nm into the lake, 
cuts through Neogene layers in i ts upper courses. 

The meandering Dalyan river connects Koycegiz 
Goli.i with the sea. Peat deposits are found along 
the southeastern bank of the lake and particularly 
along the sea coast to south of the lake. 

The water of the lake, which is up to 3 5 m deep, 
is brackish to nearl y sal ty, wi th a su perf icial la yer 
of slightly brackish to fresh water. The soil to the 
southeast of the lake is sal ine. During the w inter 
the water in the Dalyan river runs into the sea, 
draining Koycegiz Goli.i. During the summer con
siderable quantities of sea water flow into the lake. 

During the last glacial period, when the sea
level was up to l OO m lower than at present, no 
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lake would have been found in the Koycegiz Plain. 
During this period coarse colluvial and fluvial 
material was deposited in the plain. The lake was 
probably form ed in Holocene times, af ter the sea
level had risen considerably. 

The slopes to the west and south of the lake are 
covered by Pinus bnttia forest and maquis with 
predominantly Qiterrns calliprinos. T amarix is 
common in the marshes along the southeastern 
bank of the lake. Halophytic vegetations, includ
ing Salicornia, Statice, Frankenia and J uncus ma
ritimus, occur on saline soils. More to the east, the 
plain has been drained and is under cultivation. On 
the peat bordering the lake, Phragmites australis, 
Cladium mariscus, jimcus spec" Scirpits spec" 
Convolvitlu.s spec. and other species were observ
ed. Platanus, Ulmu.s and Salix grow along the 
Dalyan river, north of Dalyankoy. According to 
Pons & Edelrnan ( 1 96 3 )  swamp forests with Liqu.i
dambar orientalis cover large areas in the lower 
parts of the Koycegiz-Dalaman Plain. 

Rainy, very mild winters and dry, hot summers 
characterize the climate. The annua! precipitation 
at Fethiye, ca. 5 5 km southeast of Koycegiz, is ca. 
r ,ooo mm. Temperatures rarely drop below o0C. 

The boring was carried out on the peaty fringe 
of the southeastern bank of the lake (fig. 2 r ) ,  ca. 4 
km north of the village of Dalyankoy ( 36°  5 2' 30" 
N, 2 8 ° 3 8'3o"E) . The surface at the coring locality 
is ca. 0 . 7 5  m above lake level . 

7 .6 .2 .  LITHOLOGY AND RADI OCARllON DATES

The fol iowing l ithology was recorded : 
o -0. 2 5  m grey, peaty clay
0.2 5 - r . 1 3  m brown peat
r . 1 3- r . 3 5  m dark-grey clay 
r . 3 5 -2 . 6 5  m blue-grey clay 
2 .6 5 -2 .90 m blue-grey clay with sandy layers 
2 .90- 3 . 7 5  m blue-grey clay 
3 . 7 5 -4. 1 4  rn grey-brown gyttja 
4 . 1 4-4 . 2 3  m grey, clayey sand 
4 . 2 3 -4 . 8 5  m blue-grey clay 
4 . 8 5 - 5 . 2 5  rn sandy, blue-grey clay 
5 . 2 5 - 5 .6 5  m blue-grey clay 
5 .6  5 -6 .  r o  m very sandy, blue-grey clay 
6 . r o-6 . r 8  m dark-grey clay 
6 . 1 8-6 .40 m blue-grey clay 
6.40 m coarse sand and fine gravel ; further 

penetration impossible because of 
course sediment 

For two levels a radiocarbon date was obtained : 
0 . 8 5 - r .05  111 , 46 5  ± 30  B.P .  (GrN-664 1 ) , peat 
3 . 89-4 . o r  m, 3 ,070 ± 5 5 B .P .  (GrN-64 5  r ) ,  gyttja 
The organic fraction was measured. The car
bonate content of the radiocarbon dated samples 
arnounted to ca. 3 1 °/o and 27°/o respectively. 

7 .6 . 3 .  REMARKS ON THE POLLEN DIAGRAM

In the Koycegiz diagram, Gramineae and Cheno
podiaceae are not included in the pollen sum. The 
faet tha t high Cyperaceous pollen val ues corres
pond with maxima in the Gramineous curve sug
gests that the grass pollen is largely of  local origin. 
Moreover, both pollen types show their highest 
values in the sections with peat or gyttja. The 
Chenopodiaceous pollen frequencies are very ir
regular and most probably register local expansions 
of halophytic vegetations. 

The d iscussion of the Koycegiz diagram will  not 
start with the lowerrnost pollen assemblage zone. 
Contrary to the usual procedure, a few other 
sections of the d iagram will be d iscussed first. 
Next the development of the regional vegetation 
in the Koycegiz area will be reviewed, and this 
will be followed by a discussion of the local vege
tation. 

7 .6 .4 .  INDICATIONS OF HUMAN ACTIVITY AND THE

A RTEMISJA PROBLEM 

On the basis of both radiocarbon dates, the bottom 
of the diagram may be dated at ca. 5 ,ooo B .P" i .e .  
in the Early Bronze Age. This irnplies that the 
diagram covers a period, in  which more or less 
serious interference of man with the vegetation is 
to be expected. Which indications of the activity of 
man are provided by the pollen record ? In general 
Pinus pollen percentages are much higher than tho
se of Quercus. However, in a few diagram sections, 
viz . spectra r -2,  r o- r  r and 1 6- 1 9, Qu.ercu.s values 
are nearly as high as those of Pimts. In view of the 
results obtained for Bey�ehir, where the distinct 
land-occupation phase is characterized by, among 
other things, a strong decrease in pine and an 
increase in oak pollen percentages, it is an obvious 
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Fig. 20 .  Geological sketch map of the Kiiycegiz arca. A fter 
Pons & Edclman 1 963 ,  fig. 4. 

conclusion that rhe sections mentioned above 
represent periods of more intensive human activity. 

The strong decline in Pinus and the synchronous 
increase in Quercits pollen percen tages between 
spectra l 5 and l 8 suggest a large-scale cutting of
pine which favoured the expansion of oak. As for 
the kind of oak, when the Ki:iycegiz sediment sam
ples were examined, no distinction was made 
between rhe pollen of the Q. calliprinos-type and 

KOYC E G I Z  GOLU 

0 

sam ple. I L.  

Y.to>' .· ;j · ,,-;::.. . . . /.«: 
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Fig.  2 1 .  Location of the Kiiycegiz coring site. For explana
tion of symbols see fig. 1 3 . 

that of deciduous oak (Q. cerrislinfectoria-type) . 
A re-examination of samples 1 6  and 1 7  showed 
that the majority of the oak pollen is of the Q. 
cerrislinfectoria-type. Q. callip rinos-type pollen 
percentages are indicated by black bars. The 
opening up of the Pinus brutia forest did not resu!t 
in a strong increase in kermes oak as happens 
nowadays, but deciduous oak took possession of 
the deforested areas. 1 3 3 
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The partial replacement o f  pine b y  oak i s  not 
necessarily the result of human activity. It could, 
at least in theory, also have been induced by a 
change in climate. Fortunately, the pollen record 
provides independent indications of the activity 
of man. Thus, Olea and Vitis show comparatively 
high values in the d iagram section concerned. It is 
true that olive, in particular, formed part of the 
natural vegetation, but i ts pollen values in spectra 
1 6- 1 9  j ustify the assumption that Olea was cul
tivated. The fairly high Plantago lanceolata-type 
pollen percentages point to grazing. Sanguisorba 
minor-type, which includes Poterium (Sarcopote
rium) spinositm, is well represented in zone 4, sug
gesting that open vegetations were present. Open 
vegetations are l ikewise indicated by the more 
frequent occurrence of pollen of the maquis species 
Phillyrea (media), Pistacia (lentisrns and palaes
tina), Paliurus (spina-christi) and Ericaceae in this 
section. 

To summarize, i t  seems justi fied to conclude that 
pollen assemblage zone 4 reflects the activity of 
man. More puzzling is the succeeding d iagram 
section. Above spectrum 1 9, the Quercus pollen 
curve shows a conspicuous decline which, however, 
is not accompanied by an increase in Pimts values. 
On the other hand, the Artemisia pollen percent
ages increase rapidly above spectrum l 9, sug
gesting that the deciduous oak stands were replaced 
by vegetations with predominantly Artemisia. 
However, this assumption is not without object
ions, as at present upland vegetations in which 
Artemisia plays a dominant part are not found in 
the Eu-Mediterranean zone. In the surface-sample 
spectra from the lower and upper Eu-Mediter
ranean zones, Artemisia values do not exceed r .  3 °/o 
(tables l and 2) .  Nearly all Artemisia pollen in the 
Koycegiz samples is of the herba-alba type. 

In v iew of the faet that halophytic vegetations 
occur to the east of the lake, one could wonder 
whether the large numbers of Artemisia pollen had 
originated from A. maritima which has pollen of 
the herba-alba type. However, A. maritima seems 
to be rare in the Eastern Mediterranean, and the 
present authors did not observe this species among 
the salt plants to the east of the lake, nor is  it 
reported by Pons & Edelman ( 1 96 3 )  for the same 
area . Moreover, maxima in the Chenopodiaceous 
curve, probably pointing to local expansions of ha-

lophytic vegetations, are not accompanied by high 
Artemisia percentages. Consequently, i t  is very 
unlikely that A. maritima produced the large num
bers of Artemisia pollen. A .  vulgaris, a plant from 
roadsides and waste places, does not come into 
consideration because it has another pollen type. 

It has already been mentioned that the present
day interference of man with the vegetation of the 
Eu-Mediterranean zone never results in a large
scale expansion of A rtemisia. Nevertheless, one is  
forced to assume that the high Artemisia pollen 
values, such as ha ve been established for spectra 
20-26, were the result of the activity of man . The 
question as to whether the strong increase in Arte
misia was induced by grazing, burning or by some 
other activity must remain unanswered . 

7 .6 . 5 .  POLLEN ASSEMBLAGE ZONE l (SPECTRA l A N D

2) 

This zone is  characterized by relatively low Pinus 
and high Quercus pollen values. The greater part 
of the Quercus pol l en is of the deciduous oak type : 
27 .00/o Q. cerrislinfectoria-type and 4 . 20/o Q. cal
liprinos-type in spectrum r .  Vitis and Olea are 
represented, while in sample 2 Artemisia pollen is  
quite numerous. Zone l reflects a situation which 
to some extent may be compared to that of zones 
4 and sa (1 .6+) .  

7 .6 .6 .  POLLEN ASSEMBLAGE ZONE 2 (SPECTRA 3 -7) 

This section probably reflects a largely undisturbed 
upland vegetation. Pinus is by far the most fre
quent tree pollen type. Most of the Quercus pollen 
is of the Q. cerrislinfectoria-type (see spectrum 6 
in which the share of Q.  calliprinos-type is in
dicated) .  Olea is hardly represented, while Vitis 
pollen was not met with in the samples from this 
zone. The herbaceous pollen values are low. The 
upland vegetation must have consisted of a mozaic 
of Pimts brutia and Quercus infectoria stands or 
of mixed pine-oak forests. It should be emphasized 
here that the pollen record suggests that by nature 
pine plays an important part in the (lower) Eu
Mediterranean vegetation bel t .  The suggestion that 
Pinus expanded considerably as a result of the 
destruction of the original maquis vegetation (cf. 
4 .2 . )  is  not supported by the pollen evidence. 
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7 .6 -7 - POLLEN ASSEMBLAGE ZONE 3 (SPECTRA 8 - 1 5 )

This zone is rather heterogeneous and for that 
reason a division into subzones was made. Subzone 
p, consisting of spectrum 8 ,  i s  characterized by 
a distinct Pinus minimum and a conspicuously 
h igh Pteridium value ( 2 1 0/o).  This spectrum sug
gests that bracken expanded notably in cleared 
areas. It is l ikely that spectrum 8 reflects a large
scale cutting of pine trees. 

Spectrum 9,  at which subzone 3 b starts, suggests 
that pine had recovered from the losses brought 
about by the cutting. At the same time Vitis and 
Olea appear again in the pollen record, indicating 
that these species were cultivated. Grape and olive 
are al so represented in spectrum l o. In spectra l o  
and l l ,  Pimts has again relatively low pollen va
lues, whereas Quercus percentages have increased . 
The course of the Pinus and Quercus curves in the 
lower part of subzone 3b suggests a similar land
occupation phase as has been described for zone 4 
(1 .6+).  However, in spectrum l l other indications 
of human activity, such as the pollen of Vitis, 
Olea and Plantago lanceolata-type, are absent. 

Concerning spectra r o, l l and l 2, i t  should be 
taken into consideration that the pollen sums are 
quite low, while most of the pollen was in a fairly 
poor state of preservation. Moreover, samples at 
5 .oo, 4 .90 and 4 .70 m proved to be unsuitable for 
pollen analysis. The sediment section between 5 .40 
and 4.60 m was probably deposited during a 
period with fluctuating lake levels, in consequence 
of which the rather shallow edges of the lake 
dried out regularly. Because of the low pollen 
sums and the fairly poor pollen preservation, spec
tra r o, l l and l 2 ought to be considered with 
reservation. 

During subzone 3c  time (spectra 14 and l 5 ) , 
human influence on the vegetation was probably 
negligible. The pollen evidence suggests that Pinus 
b rutia forests prevailed on the slopes around the 
lake. 

7.6 . 8 .  P OLLEN ASSEMBLAGE ZONE 4 (SPECTRA 1 6- 1 9) 

This zone has already been discussed above (1 .6+).  
It  reflects fairly large-sca le interference of man 
with the vegetation . 

7.6 .9 .  POLLEN ASSEMBLAGE ZONE 5 (SPECTRA 20-3 1 )

Subzone 5 a  (spectra 20-26) i s  characterized by 
high Artemisia pollen percentages. During the 
period covered by subzone s a, Artemisia-rich 
vegetations must have played an importan t  part 
in the Koycegiz area. We mentioned a lready 
(1 .6+) that in the Eu-Mediterranean zone no 
modern analogue is found of an upland vegetation 
with predominantly Artemisia and that this vege
tation type was probably induced by man. Other 
indications of human activity, such as Vitis, Olea, 
Plantago lan.ceolata-type and Sangu,isorba minor
type, are scarce. 

Subzone 5 b (spectra 27-3 l ) is d istinguished from
the previous subzone by the lower Artemisia pollen 
values. I t  seems that at the end of this subzone, 
spectrum 3 l ,  vegetations with predominantly Ar
temisia had completely been replaced by pine 
forest. 

7.6 . r o. POLLEN ASSEMBLAGE ZONE 6 (SPECTRA 3 2-36)  

In the lower part of zone 6 a decrease in  Pinu,s 
and an increase in Qitercus can be observed. A rte
misia pollen values remain low in this zone (and in 
zone 7). The higher percentages for Pteridiu,m and 
other ferns in samples 32 and 3 3 are indicative 
of open vegetations, while the Ericaceous pollen 
(spectra 3 3-3 6) points in  the same direction. Other 
indications of human activity are present from 
spectrum 3 4  on:  Olea, Plantago lanceolata-type, 
Sanguisorba minor-type. Continuous curves for 
Olea and Vitis start at the upper spectrum of zone 
6 .  

7 .6 .  l I .  POLLEN ASSEMBLAGE ZONE 7 (SPECTRA 3 7-46) 

Zone 7 is distinguished from the preceding zone 
by the more frequent occurrence of pollen types 
which are indicative of human activity and by the 
fairly good representation of maquis species, such 
as Pistacia, Myrtus and Paliu,rus. 

For samples 40 and 46, the ratio between both 
types of oak pollen was determined. The result 
indicates that of the Quercus pollen ·in the upper 
zone of the Koycegiz d iagram, ca. 3/ 4 is of the 
deciduous oak type. This implies that in spectra 
3 8-46, Quercus calliprinos-type values varied from 1 3 5
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ca . 1 .9 to 4 . 5 °/o, and those of Q. cerrislinfectoria
type from ca. 4 . 1  to 1 3 .0°/o. In surface sample 1 4 ,  
at  a short distance from the Koycegiz coring site, 
the percentages for deciduous oak and kermes oak 
type pollen are o .6  and 2 . 8 0/o respectively (table 
l ) . I f  one wants to compare these figures with
those of the diagram, allowance must be made for 
the lower IAP value in the surface-sample spec
trum. If one takes the IAP of the surface sample 
as 90°/o, which is about the average total tree pol
len value in  the d iagram spectra 3 8 -46, the values 
for Q. cerrislinfectoria-type and Q. calliprinos
type amount to ca. l and 5 °/o respectively .  From 
the above we must conclude that quite recent!y, 
after the deposition of the sediment at a depth 
of 5 cm, deciduous oak decreased very consider
ably in  the Koycegiz area. I t  is reasonable to sup
pose that man was responsible for the strong 
decline in deciduous oak. 

The low Juniperus pollen percentages in the 
upper part of the diagram are in agreement with 
the low values for this pollen type obtained in the 
surface samples from the lower Eu-Mediterranean 
zone (tab le l ) . 

The H umulus!Cannabis pollen in the upper 
three samples points to the cultivation of hemp 
or hop (cf. 7 . 5 .9 . )  in the area. The marked 
decrease in Olea in the uppermost spectrum sug
gests a remarkable decline in olive cultivation in 
recent times. However, 2 .0°/o Olea pollen in sur
face sample I4 indicates that this decline was only 
temporary. On the other hand, from the near
absence of Vitis pollen in surface sample 1 4  one 
must conclude that grape cultivation did not 
recover from the strong decline suggested by the 
upper spectra of the d iagram. 

7 .6 . 1 2 . SOME TREE POLLEN TYPES

Cedrus and Abies, which are both represented in 
the Koycegiz d iagram, are not l ikely to have oc
curred in the immediate v icinity of Lake Koycegiz. 
At present, Cedrus grows in the mountains to the 
east of the lake, at elevations above l ,ooo m. The 
nearest Abies stands are found in the Elmali area, 
more than r oo km east of Koycegiz. The poor, 
irregular representation of Abies may probably be 
ascribed to the great distance of this tree from the 
coring site. The fluctuating Cedrns pollen values 

cannot easily be explained. One could imagine that 
the maxima represent periods in which cedar had 
recovered from large-scale cutting. 

Pterocarya pollen was counted in a few samples. 
A!though i t  is possible that the presence of this 
pollen is due to long-distance transport, one must 
consider the possibil i  ty tha t the P terocarya pollen 
is of secondary origin. At least, the Carya pollen 
met with in some samples can only have been 
derived from older deposits. 

The pollen of Corylus, Tilia, Ostrya/Carpinus 
orientalis and of a few other taxa probably ori
ginated from deciduous forests of the Oro-Mediter
ranean zone. It is not l ikely that Betula was found 
in the Koycegiz area, but in the past, b irch stands 
may have been less far away than at present (cf. 
7 · 3 · 5 +  and 7 . 5 .9 . ) .  

Of the swamp forest trees, Alnus shows the 
highest pollen values. U!Jmis pollen was regularly 
found, although in low numbers. I t  is striking that 
Liquidambar and PlatamtS are best represented in 
the upper part of the d iagram, suggesting that in 
more recent times su itable habitats for these trees 
expanded. Datisca (cannabina), a perennial herb, 
is to be expected in  damp forests. 

7 .6 . 1 3 · THE I.OCAL VEGETATION

As for the local vegetation, i t  has a lready been 
mentioned that salt water enters the lake through 
the Dalyan river in the summer (7 .6 . 1 . ) .  If in the 
past the influx of salt water had fluctuated, this 
must have affected the local vegetation which was 
under the direct influence of the lake water. A 
good indication of the local expansion of halophy
tic vegetations is most l ikely provided by high 
Chenopodiaceous pollen values. On the other 
hand, high pollen percentages for Gramineae, Cy
peraceae and Sparganium-type must be indicative 
of predominantly fresh-water rnarsh vegetations. 

The section covered by samples l 6 to 2 l remains 
a problem in that Chenopodiaceae as well as 
Gramineae and Cyperaceae show high values. 
Could this perhaps point to a fairly frequent al
ternation of brackish and fresh-water conditions ? 
The presence of Ruppia pollen in samples 1 6 , 1 7  
and l 8 indicates that the su rface water W;olS some
what brackish. 

Liguliflorae and Tubuliflorae Compositae and 
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Centaitrea solstitialis-type reach fairly high per
centages in various samples, which could be in
d icative of fluctuating lake levels. 

In the period represented by the upper I .40 m of 
the Koycegiz core, predominantly fresh-water ve
getations were found in the vicinity of the coring 
locality. The high percentages for Gramineae, Cy
peraceae and S parganium-type pollen from spec
trum 34 onwards point to marsh vegetations bor
dering the lake. Myriophyllum and Nymphaea 
show relatively high values in the upper p:irt of 
the clay deposit (samples 34-36) ,  suggesting that 
the lake became more shallow. Finally, a marsh 
vegetation expanded over this part of the lake, 
giving rise to peat formation. The continuation of 
high values for Nymphaea in spectra 37 and 3 8 ,  
both from peat samples, points to open water at 
a short d istance from the coring site. 

The courses of the curves for Nymphaea, My
riophyllum and Potamogeton in the upper 50 cm 
of the d iagram point to a rise of the lake level. 
This is also suggested by the faet that the upper 
2 5 cm of the sediment consists of peaty clay, 
indicating a regular flooding of the marsh vege
tation. 

8. CONCLUSIONS

One of the aims of a palynological examination of 
sediment cores from a given area is the reconstruc
tion of the regional vegetational and climatic his
tory. The combined results should, among other 
things, make the drawing up of palaeo-vegetation 
maps for the area concerned possible. 

Southwestern Turkey shows a large variation in 
topography (chapter 2) and climate (chapter 3 ) .  
Consequently, the natura! plant cover of the area 
is very diversified, ranging from ever-green Eu
Mediterranean vegetations in the coastal area to 
cold-tolerant coniferous forests in the mountains 
and xeric steppe vegetations towards the in terior 
of Anatolia (chapter 4) .  Because of the complexity 
in the present-day natura! vegetation pattern, a 
fairly large number of pollen d iagrams, originating 
from different habitat zones, is required for the 
kind of reconstructions mentioned above. 

It should be stated right away that the paly
nological evidence discussed in chapter 7 is ab
solutely insufficient for reconstructing the develop-

ment of the vegetation of southwestern Turkey du
ring the last 20,000 or more years. This, however, · 

does not imply that no attempts should be made 
to compare the pollen diagrams from southwestern 
Turkey with each other and with palynological 
information from adjacent areas. As a first step 
towards establishing a regional vegetation h istory, 
the resul ts for the individual s i  tes need to be time
correlated. This has been attempted in table 8 
which, for each of the diagrams, shows the type 
of vegetation in the successive periods. Because 
the dates for the pollen assemblage zones d isting
uished in each of the d iagrams were mostly cal
culated , the correlations presented in table 8 are 
fairly conjectural. In particular, the correlation of 
zones r -4 of the Karamik diagram with zones r -3 
of the So gi.it diagram meets serious difficul ties as 
no radiocarbon date is available for the base of the 
latter diagram (see 7 . 5  . 3 . ) .  

The course of the �AP curve suggests two pos
sible correlations for the lower part of the Kara
mik and Sogi,it diagrams (table 7). The present 
authors are inclined to prefer the upper one of 
the two correlations presented in table 7 .  This 
preference is based upon the following consider
ation. The marked increase in �AP percentages in 
zone 2 of the Sogi.i t  diagram is completely brought 
about by Quercus, pointing to rather dry cl imatic 
conditions. In zone 3 of the Karamik diagram, in 
a region which at present has less precipitation 
than the Sogi.it area, cedar reaches high pollen 
values. Consequently, it seems that the climate in
ferred from zone 3 of the Karamik diagram was 

TABLE 7.  POSS IBLE CORRELATIONS OF TH E LOWER 
PART OF THE KARAMIK AND SOGOT POLLEN D I A
GRAMS 

I Sogi.it I Karamik 

subzone 3 c  zone 4 
subzone 3b  zone 3 
subzone F zones r and 2 

zone 3 zone 4 
zone 2 zone 3 
zone I zone 2 ,  upper part 

1 3 7 



1 3 8  

TABLE 8 .  TENTATIVE CORRELATIONS OF THE VEGETATIONAL HISTORY INFERRED FROM EACH OF 
THE D IAGRAMS DISCUSSED I N  CHAPTER 7.  
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distinctly moister than that of zone 2 of the Sogi.it 
diagram. For that reason, i t  is less l ikely that zone 
3 of the Karamik diagram would correspond with 
zone 2 of the Sogi.it diagram. The correlation of 
zones l and 2 of  the Karamik diagram with sub
zone p of the Sogi.it d iagram implies that the 
bottom part of the latter d iagram i s  older than 
20,ooo years. We must admit that the above reason
ing is weakened by the faet that in zone 4 of the 
Sogi.it diagram oak pollen plays an important part, 
whereas in the largely corresponding zone of the 
Karamik diagram pine and cedar are the main tree 
pollen types. 

Whatever the correct correlation between both 
d iagrams may be, the pollen evidence suggests that 
in the period between 20,000 B.P. or older and ca. 
1 4,000 B.P.  steppe vegetations played an impor
tant part in the Sogi.it and Karamik areas. In this 
connection i t  should be remembered that, in  both 
areas, forests constitute the prevailing vegetation 
under natura! conditions nowadays. Predominant
ly steppe vegetations during Ful l-glacial times are 
also suggested by other diagrams from the eastern 
Mediterranean area:  Lake Ioannina (Bottema 
1 974), Lake Xinias (Bottema, in press), Tenaghi 
Philippon (Wijmstra 1 969) and the Ghab (Niklew
ski & Van Zeist 1 970). In the Lake Zeribar area, 
1 11 western Iran, trees were completely absent in 
the period from ca. 22,000 to 1 4 ,000 B .P .  (Van 
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Zeist 1 967).  The scarcity of trees during Full
glacial times in the eastern Mediterranean area is 
primarily ascribed to a dry climate. I t  is obvious 
that i t  was also much colder than at present, but 
the temperature would only have become a limit
ing factor for tree growth at h igher elevations. 
One could wonder whether this was perhaps the 
case for Sogi.it, at an elevation of ca. l ,400 m. 
However, th i s  is not  likely as, at the time, Arte
misia steppes, and not alpine vegetations, prevailed 
in the Sogi.it area. 

The Full-glacial sections of the Karamik and 
Sogi.it diagrams point to fluctuations in the propor
tion of trees in the upland vegetation. Similar fluc
tuations in the total tree pollen percentages can 
be observed in  the other d iagrams from the eastern 
Mediterranean area mentioned above. However, i t  
seems doubtful whether these fluctuations can be 
used for a more detailed correlation of the dia
grams. The climatic fluctuations to which the 
changes in vegetation must be ascribed certainly 
d id not have the same effect on the vegetation 
everywhere. 

From the Sogi.it and Karamik diagrams one must 
conclude that, at least during the later phases of 
the Ful l-glacial , open vegetations prevailed in the 
greater part of southwestern Turkey. Unfortuna
tely, the Koycegiz d iagram dates back to only ca. 
5 ,ooo B.P" so that no information is available on 
the Full-glacial vegetation in the coastal area of 
southwestern Turkey. One may assume that coastal 
areas which at present receive much precipitation 
( l ,ooo mm and more) supported forest vegetations 
in Full-glacial times. 

Zone 3 of the Karamik diagram and probably 
also subzone 3b of the Sogi.it diagram coincide 
with the first half of the Late-glacial of western 
and central Europe. During the greater part of the 
Late-glacial, forests expanded over Europe north 
of the Alps, which was due to an increase in tem
perature and humidity. Only during the final 
phase of the Late-glacial, during the Younger 
Dryas-time, climatic conditions became less fa
vourable for tree growth. For a discussion of Late
glacial vegetation and cl imate in the Eastern Me
d iterranean the reader is referred to Bottema (in 
press) . 

The pollen evidence for Karamik and Sogi.it in
dicates that in the areas concerned conditions be-

came more favourable for tree growth after ca. 
1 4 ,ooo B.P.  This points to an increase in  humidity. 
One may expect that in Turkey, too, the tempe
rature rose in Late-glacial times. Apparently, in 
the mountains of southwestern Turkey, the effect 
of increased evaporation, which resulted from the 
higher temperatures, was more than compensated 
for by the increase in precipitation. This was not 
so everywhere. Thus, the d iagrams from Lake Xi
nias in East-Central Greece (Bottema, in press) and 
from the Ghab valley in Northwest Syria (Ni
klewski & Van Zeist 1 970) indicate that at lower 
elevations, conditions for tree growth became ex
tremely adverse in Late-glacial times, most prob
ably as a result of a further increase in  dryness. 

One may assume that in southwestern Turkey, 
trees started to expand after 1 4 ,ooo B.P" al though 
steppe vegetations continued to play an impor
tant part. The nature of the forest vegetations in 
the mountains must have shown considerable dif
ferences, depending on topography, clima te and 
perhaps other factors. Thus, i n  the Karamik  area 
cedar prevailed, whereas pine and oak were the 
most important trees in the Sogi.it area. 

Between l 2 ,000 and l l ,  5 oo B.P .  conditions 
again became unfavourable for tree growth (zone 
4 at Karamik, subzone 3c at Sogi.it). In this con
nection i t  should be mentioned that, in  Europe 
north of the Alps, it was established that in the 
Allerød-time (ca. 1 2 ,000- 1 1 ,000 B.P.)  mean July 
temperatures had reached a level which was only 
2°C lower than at present. Consequently, it seems 
l ikely that in southwestern Turkey the increase in 
dryness, suggested by the marked decline in  tree 
growth, was the resul t of a further rise in tempe
rature. The drop in temperature after ca. l l ,ooo
B.P. (Younger Dryas-time) is not reflected in  the 
pollen record of Karamik and Sogi.it. 

The pollen evidence from central and western 
Europe, and also from other parts of the world, 
clearly points to a considerable rise in  temperature 
during the first stages of the Postglacial, after ca. 
l o,ooo B.P. or a l i ttle earlier. At the same time 
precipitation increased . At Karamik no possible 
reaction of the vegetation to this change in c limate 
is reflected in the pollen record of the upper part 
of zone 4 .  Apparently, dryness remained the 
l imiting factor for tree growth. At Sogi.it a s l ight 
increase in tree pollen percentages can be observed 1 3 9 



J 40 

W .  V A N  Z E I S T/ H .  W O L D R I N G / D. S T A P E R T

i n  the upper part of subzone 3 c, suggesting a 
minor expansion of trees after ca. l o,ooo B.P.  At 
the beginning of the Postglacial, steppe vegetations 
must still have prevailed in the greater part of 
southwestern Turkey. 

Forest vegetations expanded more considerably 
after ca. 8 , 5 00 B.P.  Pollen zone 5 at  Karamik 
reflects the transition from the steppe and forest
steppe vegetations of zone 4 to the coniferous 
forest cover of zone 6. During zone 5 time, con
ditions for tree growth became more favourable 
in  the Karamik area, undoubtedly as the result of 
an increase in  humidity. The Karamik diagram 
suggests that at the end of zone 5 ,  about 6 ,ooo 
B.P . ,  humidity had approximately reached modern 
levels. Zone 4 of the Sogi.it diagram provides a 
similar picture to that at Karamik. In the Sogi.it 
area ca. 3 ,000 years elapsed before the steppe 
vegetations had been replaced by forests. 

Fi·om the pollen evidence for Karamik and 
Sogi.it one may conclude that during the first half 
of the Postglacial, from ca. l o,ooo to 6 ,ooo B.P. ,  
the climate of southwestern Turkey was drier than 
in  the second half of this period. Palynological 
data from adjacent areas point in the same direc
tion. Thus, in  the Lake Zeribar area, in  the moun
tains of western Iran, the steppe-forest evolved 
into a mixed-oak forest after 6,ooo B .P. ,  suggesting 
that i t  was not until that date that humidity in
creased to modem levels (Van Zeist 1 967) .  On the 
grounds of a detailed palynological study in the 
north of Greece, Bottema ( 1 974) arrived at the 
conclusion that in the beginning of the Postglacial, 
up to ca. 8 , J oo B .P . ,  the climate was dry.  There
after, precipitation would have increased, but i t  
was not  unt i l  ca .  6, 5 00 B.P.  that the humidity 
reached the present-day l evel. 

Thus, the palynological evidence from various 
areas in the Eastern Mediterranean indicates that 
in  early Postglacial times the cl imate was drier 
than at present. As has already been suggested 
elsewhere (Van Zeist l 969 ), this "greater dryness" 
may not necessarily imply less precipitation. I t  is 
feasible that, as a result  of higher temperatures 
or of a longer rainless period, the summers were 
drier. A grea ter summer dryness would ha ve af
f ected tree growth in particular. 

The available palynological data do not provide 
any clues for the reconstrnction of the vegetation 

pattern of the present-day Oro-Mediterranean 
belt of southwestern Turkey during the period of 
ca. 8 ,ooo to 5 , 5 00 B.P.  Besides pine, deciduous oak 
and juniper played an important part in the wood
land vegetation of the Sogi.it area in the period 
under consideration. On the other hand, in the 
Karamik area hardly any deciduous oak and j uni
per were found at  that time, but here the forest 
and steppe-forest stands consisted mainly of cedar 
and pine. In view of the faet that the cl imate of 
the Karamik area is drier than that of Sogi.it, this 
behaviour of juniper and deciduous oak is  contrary 
to expectation. Thus, the factors determining the 
distribution of deciduous oak, juniper, pine and 
cedar in the mountains of southwestern Turkey in 
the period of ca. 8 ,ooo to 5 , 5 00 B .P. are not yet 
clear. For that reason, i t  is better to confine oneself 
to the conclusion that, in the period concerned, 
forests gradually took possession of the area of the 
present-day Oro-Mediterranean belt. 

The Karamik and Bey�ehir diagrams suggest 
that in the areas covered by both d iagrams, the 
present-day natura! vegetation pattern became 
established, in  broad outline, shortly after 6,ooo 
B.P. At Sogi.it, on the other hand, it was not until 
ca. 3 ,000 B.P .  that pine forest became the do
minant vegetation. The establ ishment of  the pre
sent-day natura! vegetation pattern in the moun
tains of southwestern Turkey was not a syn
chronous phenomenon over the whole of the area. 
It was not simply a moving up or down of vege
tation zones. 

The Koycegiz d iagram suggests that about 5 ,ooo 
years ago the present-day natura! vegetation oc
curred in the coastal area and that since that time 
no climatic changes are suggested by the vege
tation. All the changes in the upland vegetation 
reflected in  the Koycegiz pollen record must be 
ascribed to human influence. In all probability, 
from the development of the vegetation in the 
mountains of southwestern Turkey, no conclusions 
can be drawn on the character of the vegetation 
in  the adjacent coastal area prior to 5 ,000 B.P.  At 
least no clue for such a correlation presents i tself 
from a comparison of the Postglacial vegetation 
history of Mljet on the Dalmatian coast (Beug 
1 967) with that of the interior of Greece (Botte
ma 1 974) .  

The conclusion that the present-day natura! 
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vegetation pattern in the Karamik-Bey�ehir and 
Sogi.it areas became, in broad outline, established 
ca. 6,ooo and 3 ,000 B.P . ,  respectively, does not 
imply that since then no more changes in the 
vegetation took place. Thus, zones 6 and 7 of the 
Karamik diagram reflect an al ternating dominance 
of pine and cedar. The Bey�ehir diagram indicates 
that the proportion of cedar in the forest cover of 
the area diminished further af ter 5 , 800 B.P.  At 
Sogi.it, deciduous oak and juniper continued to 
decrease after 3 ,000 B.P . ,  so that in the forest 
vegetations of the last r , 5 00 years these trees 
played only an insignificant part. 

The Sogi.it diagram suggests a further increase 
in humidity between ca. 6,ooo and r , 5 00 B.P. ,  
which would seem to imply that the climate of the 
last r ,  5 oo years was moister than ever before in 
the Postglacial . The Karamik diagram, on the 
other hand, does not provide indications of a 
lasting increase in humidity after 6,ooo B.P.  I t  has 
already been 'set forth (7. 3 . 8 .) that for the time 
being it  cannot be determined whether the repla
cement of cedar by pine in the Bey�ehir area must 
be considered as evidence of an increase or of a 
decrease . in humidity.  

The changes in cl imate inferred from the Ka
ramik and Sogi.it diagrams for the period of ca. 
20,000 to 6,ooo B.P .  correspond rather well with 
each other. However, for the period after 6,ooo 
B.P .  the palynological evidence for both sites does 
not seem to point to an identical climatic history. 

9. SUMMARY

In this paper the palynological examination of 
surface samples and sediment cores from south
western Turkey is discussed. The main objective of 
this study is the reconstruction of vegetation and 
climate in Late Quaternary times . 

The geology, climate and natura! vegetation of 
southwestern Turkey are briefly reviewed in chap
ters 2 ,  3 and 4. A tentative reconstruction of the 
distribution of the major vegetation units is pre
sented in fig. 6. 

Al together 5 9 sur face samples, origina ting from 
natura! and more or Jess seriously degraded vege
tations, were examined (cf. fig. r o) . The resu!ts of
the surface-sample study are shown in rables l - 5 .  
Table 6 ,  i n  which for a selected number o f  pollen 

types, mean percentages per sub-group are given, 
should facil itate a comparison of the pollen pre
cipitation in the various vegetation types. Pinus 
is, again, over-represented in the pollen rain .  The 
share of deciduous oak, Quercus calliprinos, Ce
drus, Juniperus, Phillyrea, Pistacia and Olea in 
the pollen precipitation corresponds rather wel l 
with that in the vegetation. Striking are the rather 
low Abies pollen values in the samples from a fir 
forest. High Plantago lanceolata-type pollen va
lues were obtained for areas with serious grazing, 
but, on the other hand, grazing does not necessarily 
lead to an expansion of plantain. 

A survey of the results obtained for the sediment 
cores from Karamik Batakl igi, Bey�ehir Goli.i, 
Hoyran Goli.i, Sogi.it Goli.i and Koycegiz GO!i.i 
(cf. fig. l o) is presented in tab le 8. The diagrams
of Karamik and Sogi.it suggest that in the period of 
ca. 20,000 to l o,ooo B.P . ,  open vegetations pre
vailed, implying that the climate was rather dry. 
Artemisia played an important part in the Full
glacial and Late-glacial steppe vegetations. During 
somewhat moister phases, more or less open forest 
stands, consisting of pine, cedar and deciduous oak, 
could expand to some extent. 

Open vegetations prevailed during the first sta
ges of the Postglacial, too. After ca. 8 , 5 00 B.P .  
forest vegetations started to expand in the moun
tains of southwestern Turkey. About 6,000-5  , 5 00 
B.P.  forests must entirely have taken possession of 
the present-day Oro-Mediterranean belt (ca. 800-
2 ,000 m). The establishment of the present-day 
natura! vegetation pattern was not a synchronous 
phenomenon over the whole of southwestern Tur
key (cf. Karamik and Sogi.it) .  The pollen evidence 
suggests that during the first half of the Post
glacial, from ca. r o,ooo to 6,ooo B.P. ,  the cl imate 
of southwestern Turkey was drier than later on . 

The Sogi.it and Benehir diagrams reflect large
scale interference of man with the vegetation in the 
second and first millennia B .C. The forest must 
have been cleared over large areas. As for paly
nological indications of grain-growing, various 
Near Eastern wild grass species produce Cerealia
type pollen grains. Fruit trees cultivated by the 
Bey�ehir and Sogi.it farmers included : J uglans 
(walnut), Castanea (sweet chestnut), Olea (olive) 
and Vitis (grape). Besides, Fraximts omus (manna 
ash) \.vas planted, most probably for its manna. 1 4 1  
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