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1. INTRODUCTION

From 1965 on, the number of palynological investi-
gations in Greece has constantly increased (fig. 1).
Van der Hammen ¢/ a/. (1965) and Wijmstra (1969)
treated very deep cores trom the Plain of Drama.
Cores of Postglacial age trom Philippiand Lake Ko-
pais were studied by Greig and Turner (1974), and
Turnerand Greig(1975). Thelate Quaternary period
in the northwestern part of Greece was studied by
the present author (Bottema, 1974). In central
Greece, in the area of Katerini and Trikkala Post-
glacial sediments were investigated by Athanasia-

Fig. 1. Palvnological investigations in Greece.

Open circles: published results available; Black circles: results
to be published; Dotted circles: results treated in this publica-
tion.

1. Gravouna. 2. Tenagi Philippon. 3. Volvi. 4. Giannitsa. 5.
Edessa. 6. Vegoritis. 7. Khimadits. 8. Kastoria. 9. Litochoro.
1o. loannina. 11. Pertouli. 12. Viviis. 13. Ninias. 14. Voulkaria.
15. Trikhonis. 16. Copais. 17. Kaiata. 18. Osmanaga. 10. Aghia
Galini.

dis (1975). Wright (1972) studied the younger Post-
glacial deposits tfrom the Peloponnesos and adjacent
mainland.

Apart from localities which have yielded palyno-
logical information already published (fig. 1) some
places are mentioned which are still the subject of
research. The Lakes of Trikhonis, Vegoritis and
Volvi were cored by P. R. Readman c.s. (Geophy-
sical Department, University ot Edinburgh). These
cores were taken primarily forpalacomagnetical ana-
lysis. It will be evident in the near tuture to what
extent palacomagnetic and palynological research
supplement or support each other.

In 1963 a coring was performed in Lake Viviis as
part of a larger expedition (Bottema, 1974) led by
W.van Zeistand with thekind help ot R. J. Rodden.
Onasecondexpeditionin 1965, Mr. P. Petsas (Ephor
of Antiquities for Western Macedonia tor the Greek
Archaeological Service) suggested Lake Ninias as
a possible coring site. Taking part in this expedition
were W. van Zeist, R. ]. Rodden, D. French (now
Director of the British School of Antiquities in An-
kara), W. A. Casparie (Biologisch-Archaeologisch
Instituut, Groningen) and the presentauthor. In this
paperthepalynological results of thecorestrom Lake
Viviis and Lake XNinias will be discussed.

The author is much indebted to Mrs. S. M. van
Gelder-Ottway who improved the English and to
Mrs. G. Entjes-Nieborg for the preparing of the
manuscript. Drawingswereprepared by Mr. H. Roe-
link, J. Smit, Jacq. Klein and the present author.

2. GEOGRAPHY, GEOLOGY, CLIMATE
AND VEGETATION OF THESSALY

2.1. Geography and geology

Thessaly consists of the plain ot that name, the sur-
rounding hills and mountains and inlets of the
Aegean. The area is more or less delimited by the
towns of Larisa, Trikkala, Lamia and Volos (fig. 2).
For details on the geology the reader is referred to
Schneider (1968) and Voliotis (1973).

Situated in the east (from south to north) are the
Magnisia Peninsula, the Volos Plateau and the Ma-
vrovuni Mountains. In thenortheast the Ossa Moun-
tains reach an altitude of 1978 m. Across the Tempe-
valley the Olympus, consisting ot a higher part (Ano



Pollen analytical investigations in T bessaly

Olympus, 2917 m) and a lower part (Kato Olym-
pus, 1587 m) can be seen. The borderalong thenorth-
west is formed by the Chasia Mountains and that
along the west side by the Pindus chain. Finally,
situated at the southern edge are the Tymfristos
(2315 m) and the Oeta (highest peak the Pyrgos,
2152m). Peaks consisting of limestone show “Karst”
influence. According to Monopolis (Voliotis, 19764,
b) traces ot two glacial periods canbe observedabove
2000m. The plain of Thessaly issituatedatanaltitude
of 6o-160 m above sea level. There are two parts,
an upper and a lower plain, in the southwest and
northeast respectively. The tormer Lake Viviis, at
about 5o m altitude the lowest point in the plain,
has no direct outlet to the sea. Most of the plain is
covered with Holocene deposits. The rivers coming
from the surrounding mountains partly removed
sediments for instance when the gorge of the Tempe
was formed.

One of the most important rivers is the Pinios.
This river discharged into the plain in Lake Viviis
(L. Karla) but broke through the valley of the Tempe
to the sea at the end of the Wtirm (Schneider, 1968).
Atleast three periods of a warm and dry climate dur-
ing the Wiirm arc indicated by Schncider, but he
considers it not unlikely that the picture is obscured
by tectonics. When the Pinios discharged to the sea
not all the water went there. Tilting of part of the
plain formed a depression, the later I.ake Viviis.
Schneider estimates that at some time during the
Postglacial the lake must have been 20 m deep. The
lake must therefore have been ot large extent, which
in fact could also be concluded trom the distribution
of the Neolithic settlements. It is, however, doubtful
whether this lake was very deep during the period
spanned by the pollen diagram taken there.

In the course of time the plain dried up, so finally
also the lake was atfected (Greece, 111, 1945). The
lowering of the water-table was not constant and
fluctuations occurred. In 1960 the drainage of the
remnants was started.

2.2. Climate

The climate of the Thessalian plain is a moditied
Mediterranean climate. The temperature and rain-
tall tigures in the area show features of a continental
type. The summers are sutfocatingly hot (Greece, 1,
1944). The winters are cold frost is common.

Ossa and Kato Olympus have about the same cli-
mate. Precipitation at the northeastern foot of the
mountains amounts to 6oo-8oo mm. At the summit
1000-1200 mm is measured. Southern, southwestern
and western slopes are much drier. Onlower slopes
next to the Thessalian plain precipitation hardly
reaches soo mm, while on the east side of the above-
mentioned peaks it amounts to about goo mm.
Themean annual temperatureis 11°C. The ditfer-
ence between summer and winter temperature in-
creases from east to west. Prevailing winds come
fromthenorthornortheastoverthe Gulf of Therma.
Western slopes thuslic in the rain shadow. Meteoro-
logical stations are present in Trikkala (113 m),
[.amia (69 m), Volos (100 m), Larisa (67 m) (Walther
and Lieth, 1967). Rainfall is restricted almost com-
pletely to the winter months, autumn and spring.
July, August and September average 20 mm. At
that time temperatures are maximal, so theecological
drought is severe. Theaverage January temperature
isrelatively high, 5.4°Ctor Trikkala, 5.5"Ctor Larisa
(Greece, 1, 1944) and about 7°C for Volos and Lamia
(Walther and Licth, 1967). The minimum January
temperature ever recorded for Larisa is —137C.

2.3. Vegctation

According to Voliotis’ information (1973, 19706a,
1976b) and especially his vegetation map of Greece
(1973) a tentative vegetation map (fig. 2) of the arca
has been composed.

In studies on the vegetation of the Mediterranean
and also of the Near and Middle East a constantly
repeated complaint is the absence of natural plant
cover due to destruction by man. This problem is
now rapidly becoming worldwideand is by no means
restricted to these areas. Thus the vegetation map
is in tact a reconstruction ot the natural vegetation
under ideal conditions, disregarding human inter-
terence. The botanical composition of theforests etc.
on the various mountains is rather variable. Details
can be found in Voliotis’ studies.

Along the coast (fig. 2) an Olco-Ceratonion is
tound. This vegetation zone remains narrow, never
penetrating more than a tew kilometres inland. It
requires an average annual temperature of about 17-
18°C and almost 6oo mm precipitation. Piuus hale-
pensis and Pinns nigra are important constituents of
this zone but in practice only a very much degraded
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Fig. 2. Vegetation map of Thessaly (after Voliotis, 1973); coring
sites and surface sample locality.

stadium is tound. This stadium is knownas Phrygana.
In this zone two subzones are distinguished: the
Oleo-Ceratonietum and Oleo-Lentiscetum. Along
the coast at the height of the Ossa and Mavrovuni
Mountains and south of the town ot Volos, a Quer-

cionilicis is tound. Here the average annual temper-
ature is about 14-15°C.

Most of Thessaly, the plain and bordering toot-
hills, lies in the zone of the Ostryo-Carpinion orien-
talis. The mean annual temperature of 12-15°C and
especially winter-minima of — 10°Cand even lower,
limit the eu-Mediterranean vegetation. Neverthe-
less, the evergreen Quercus coccifera plays an impor-
tant part in this vegetation in addition to deciduous
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elements such as Quercus pubesceirs, Ostiya carpinifolia,
Carpinus orientalis, which partly constitute the Coc-
cifero-Carpinetum orientalis association.

In submontane and montane areas, the Fagion
moesiacum is found, subdivided into associations of
a Fagetum or combinations of Fagus and Abies
(borissi-regis).  Mediterranean  montane  forest,
dominated by Abies cephaloiica, is found in the moun-
tains bordering the southern part of thearea studied.

A vegetation of Piuns heldreichii belongs to the
subalpine zone. A vegetation type which can hardly
be ascribed to any zone is the Pinion nigrae. Piuus
uigra occurs from about 100-1800 m altitude in
Greece. Relicts of Piuus sylrestris are found on the
Olympus. Alpine vegetations in theareaare restrict-
ed to the upper part of the Olympus. They belong
to the Acantholimo-Astragaletalia zone, charac-
terized by spiny, cushion-shaped species.

3. METHODS

Clay and gyttja samples were prepared using a tlota-
tion method (Bottema, 1974) atter which sometimes
a treatment with hydrotluoric acid followed depend-
ing on whether any minerals were lett. Afterwards
acetolysis according to Erdtman was applied. Peat
samples were boiled in 109, potassium hydroxide
followed by acetolysis. Samples were stained with
safranine and mounted in silicone oil.

The pollen sum on which the percentages in the
diagrams are based, includes all pollen types which
are thought to be of non-local origin, »/z. trees and
herbs, excluding the pollen types of marsh and water
plants.

In the Xinias I diagram (tig. 4) three ditferent
pollen sums were tried in order to study the effect
upon the AP/NAP ratio. Pollen sum I includes the
arboreal pollen types and the series A temisia-Cerea-
lia-type. Pollen sum 11 is formed by the AP and all
non-local herb pollen types excluding the Grami-
neae. Pollen sum III comprises those trom sum 11
but including Gramineac pollen. The curves run
more or less parallel, only in zone Y do they show
almost the same value. This is to be expected as the
types which are excluded, have unimportant values.
The most complete pollen sum, that including the
most types, is preterred as a basis tor the diagram.

The Viviis diagram was calculated on the basis of
such a pollen sum.

Fig. 3. Map of the Ninias area, showing the coring site.

4. RADIOCARBON DATES

Radiocarbon measurements were carried out by the
Groningen Ci4 laboratory tor tour levels:
Xinias (I.amia) 1.50- 1.60 m:

(organic fraction) 10,680 + 9o B.P. (GrN 6889)
(calcareous traction) 11,150 + 130 B.P. (GrIN 6888)
The date of the organic fraction is considered to be
the actual one, that will be referred to.

Xinias (Lamia) 3.70- 3.80 m: 21,390 + 430 B.P.

(GrN 6886)

Xinias (Lamia  §.70- §5.80 m: 25,620 + 400 B.P.
(GrN 6887)

Ninias (Lamia) 13.40-13.60 m: 46,900 -+ 000
— 3060

(GrN 6882)
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5. LAKE XINIAS
5.1. Coring site

The drained lake is situated 3 km west of the village
of Xinias, 30 km northwest of Lamia (figs. 2 and 3)
atan altitude of soo m. When the coring was made,
in 1965, drainage canals appeared to have been dug
very recently. The small plain (the former lake bot-
tom), now agricultural land, is surrounded by hills.
Of two cores collected one will be presented.

5.2. Coring

The coring Xinias I took place at the end ot a drain-
age canal running trom east to west in the centre
of the area, 7 cm above the water level. A Dach-
nowsky @ 36 mm was used up to 10.40 m. The cor-
ing was made up to 13.801m with a Livingstone corer
@ 28 mm. Another core, 84 cm above the water
level, was cut out of the ditch bank.

5.3. Lithology

(++)o.80-(+)o.65 m above the water level, brown
soil, disturbed
(++)0.65-(+ )o.6o m grey clay, with fissures due to
shrinkage; filled with brown soil from above
(++)o.60-(—)1.57 m grey gvttja, at the bottom
clay with organic and calcareous remains, a light
brown band at 1.19-1.20 m
1.57- 1.75 m blue-grey, sandy clay
1.75- 1.80 m bluc sand
1.80- 2.07 m Dblue, sandy clay
2.07- 2.70 m  blue-green clay
2.70- 3.06 m bluc-grey clay
3.06- 5.75 m grey clay-gvttja
5.75- 5.85 m brown gyttja
5.85- 5.96 m grey gvttja
5.96- 6.04 m brown gvttja
6.04- 9.13 m dark-grey clay-gyttja
9.13- 9.48 m yellow-brown gyttja
9.48-12.10 m dark-blue/grey clay-gyttja
12.10-12.57 m yellow-brown gyttja
12.57-12.60 m dark-grey clay-gyttja
12.60-12.87 m brown-yellow gyttje
12.87-12.90 m dark-grey clay-gvttja
12.90-13.60 m dark-grey clay

6. DISCUSSION OF THE XINIAST DIAGRAM
6.1. Pleniglacial

To facilitate the discussion the diagram will be
dividedinto pollen zonesand subzones. The division
ismadeon thebasis of the most characteristic features
of thearboreal pollen (AP) curve, the curves ot Piiuns
and Quercus and to a lesser extent on the behaviour
ot other tree-pollen and herb-pollen curves.

A main division into two parts can be made by
meansof the AP/NAP ratio. Spectra 1-76 show most-
Iy high herb pollen percentages whereas spectra 77-
91 demonstrate high arboreal pollen values.

Thefirstpartcanbedivided againinto three parts,
thelowest part showing still moderate AP values, the
second part showing lower AP values which fluc-
tuate sharply, whereas the third part demonstrates
continuously low arboreal pollen percentages. Mi-
nor fluctuations make a still more detailed subdivi-
sion necessary.

The main zonation is as follows:

Zone V (spectra 1-10)
Zone W (spectra 11-37)
Zone X (spectra 38-60)
Zone Y (spectra 61-67)
Zone Z (spectra 77-91).

Zone 1 (spectra 1-10)

Zone V is characterized by relatively high AP values,
maximally 30-609,, although NAP percentages
generally dominate. Because of these tluctuations
three subsones are distinguished.

Sutbzone 171 (spectra 1-3) demonstrates high Piuns
values, maximally 34.19 and Quercuscerris-type from
10-20%,. Ulmns, Corylus, Jmiiperns, Abies and Fagns
are represented with low percentages.

The oak pollen mentioned with the name Quercns
cerris-type includes all deciduous oak species occur-
ring in Greece at the present time. This type is iden-
tical to Owercus robur-type (at 400 x under a light-
microscope), but the name Qnercus cerris-type is
chosen as this species was regularly metwith during
tield work in Greece (Bottema, 1974).

The herbal vegetation is represented with espe-
cially important pollen values for Gramineae, Che-
nopodiaceae, and Arzemisia. The lowest part ot sub-
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zopm ¢ V1 is radiocarbon dated 46,900 . This
mezans that the radiocarbon sample vielded an al-
mo <t infinite date and thus may be much older than

46’900 BP

Sub =012¢ 172 (spectra y-7). In this zone Piuns values
hav <« diminished whereas Qrercns cerris-type reachesa
ma—=1imumof 30%,. The tree pollen maximum of sub-
zon < V1 and that of subzone V2 are separated by
ahe xb-pollenmaximum ofabout 709, inspectrum 3.
¢ — omiparing with subzone V1, some tree species
app <ar or increase in pollen percentages, tor in-
stary ce Carpiius betunl s, and Carpinus orientalis|Ostrya.
Tox=rards the end of subzone V2 a decrease in AP
pere—entages is visible. This decrease torms the
bour m1dary with the third and last subzone V3.

Subzone 13 (spectra 8-10). Tree pollen values are
low-&r than in subzone V2 but the general tendency
is tln € same. At the beginning of zone V pine forest
occwarred at higher altitudes whereas oak was less
abu rdant, maybe in a forest steppe together with
Arremisia. The other trees mentioned were either
rare or growing at greater distances in the moun-
tains in favourable locations. The vegetation may
hav & been inastate ot unstable equilibrium. As soon
as t e climate changed slightly either steppe vege-
tatic> ns or forest would have gained terrain depend-
ing upon the direction of the climatical change.
Prec ipitation would have been a major tactor.

Zone W (spectraii-37)

Zone W resembles zone V but also shows some dif-
fere rrces. The lower AP values are conspicuous. The
same fluctuations in the AP/NAP ratio, as can be
seen in the preceding zone, can be found here. On
the basis ot especially the Qnercus and Piuus values
sone W can be divided into three subzones.
Subzone W (spectra 11-23) is characterized by domi-
nant NAP values, mainly due to Artemisia, Cheno-
podiaceae, and Gramineae, but to a lesser extent also
to Cesntanrea solstitialis-type, Plantago maritima-type,
Thalictrmm, Cerealia-type, Ligulitlorae, various Tu-
buliflorae, and Bruuinin-type.

Subz o W2 (ipectra 2.4-26) demonstrates an increase

in AP values, mainly Quwercus cerris-type, Corylus,
Abies, Fagus, and Pinns.

Subzone W3 (spectra 27-35 ). The picture in this sub-
zone strongly resembles subzone W2. The bound-
ary of zone W with zone X is placed atter the last
small peak of the AP curve.

Steppevegetations dominated the Xiniasarea during
zone W. They extended trom the level of the lake
at soo m over the slopes of the surrounding moun-
tains and down to the Thessalian plain.

In the Balkans hardly any natural steppe vegeta-
tions are tound at present. The forest steppe of the
Danube lowlands (Horvat e/ a/., 1974) is still a mat-
ter ot discussion and is very ditficult to connect with
the Greek steppe. Thus it remains obscure which
plant species are represented by the pollen types in
the glacial spectra.

In loannina on the west side of the Pindus Moun-
tains, forest was postulated at an altitude of about
8oo m during a comparable period (Bottema, 1974)
lasting from about 4o0,000-15,000 B.P. As the east
side of the Pindus catches far less rain than the west
side and therefore has a more continental climate,
forest must have been restricted to levels higher
than 8oo m. No trees were found close to the lake
where the herb cover mainly consisted ot A rzemisia,
Chenopodiaceae, various Compositac and other
species mentioned above.

Minor climatical fluctuations probably favoured
some tree growth on suitable locations closer by, as
can be concluded trom low AP peaks. Such periods
lasted 700-1000 years, as concluded trom the sedi-
mentation rate.

Many of the AP peaks in zones V and W/ show
a certain asymmetry. Forest seems to have spread
rather abruptly, and to have disappeared afterwards
more gradually. This may point to ditferent condi-
tions depending on whether the forest vegetation
was being established or maintained. Conditions for
establishing are more demanding than those for
conservation. Within the forest a certain micro-
climate may have prevailed where germination was
tavoured compared to conditions in an open plain.
Zone W would have lasted trom about 43,000-
28,000 B.P., as interpolated from the radiocarbon
dates and assuming a constant sedimentation rate.

23
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Zone N (spectra 38-60)

As mentioned above, the boundary with the preced-
ing zone is placed atter the last (minor) AP peak,
which measured only 259, In zone X the AP/NAP
ratio shows no tluctuations, resulting in a smooth
curve demonstrating low AP and consequently high
NAP percentages. The continuous curve ot F//ppo-
phaé draws attention, although values are under 19.
This shrub must have been rather abundant as it is
very much under-represented in the pollen rain.
According to Freitag (1977) Hippophaé would have
grown along water courses. Pollen types found in
zone X are the sameas in the preceding zone. How-
ever, tree pollen is consistently low, suggesting that
typessuch as Quercus cerris-type, Piuns, and probably
also Belula can only be produced by long-distance
transport. The pollen distribution of Juuiperns is not
very good and the continuous curve with values up
to 19, point to a regular occurrence of some repre-
sentative of this genus.

The open character of the vegetation is illustrated
by a variety of herb-pollen types. Various Umbel-
liferae, including Ferula-type, Caryophyllaceae and
Helianthenmr are very well represented. In addition
Tubulitlorae including the very important Ar/ensisia
(mainly berba-alba-type), Liguliflorae, Plantago lan-
ceolata-type and various Chenopodiaceae reach rela-
tively important values during this zone.

The climate must have been extreme. Temper-
atures were low and so was the precipitation. Only
towards the end of zone X some slight improvement
occurred, illustrated by the reappearance or increase
of some pollen types such as Carpinns orientalis|
Ostrya, Ulinns, and Corylus.

Two radiocarbon dates are available for zone N:
25,620 + 400 B.P. (GrN 6887) for the level of 5.70-
5.80 m
21,390 + 430 B.P. (GrN 68806) for the level of 3.70-
3.80 m.

Using all available dates to interpolate, zone X
lasted trom 28,000-1 5,000 B.P.

6.2. Late Glacial
Zowe Y (spectra 61-67)

The discussion on this period can also be tound in

a treatment on the Late Glacial in the Eastern Medi-
terranean and the Near East (Bottema, 1978). Zone
Y forms a transition betweena long period with low
tree-pollen values and a contrasting vounger period
with high tree-pollen values.

The reason for distinguishing a separate zone Y
is the increase of coniter pollen and Chenopodiaceae
and the decrease ot Artewmisia. Fluctuations within
this zone make a further division into subzones
necessary.

Subzone Y1 (spectra 61-65 ). Pinus and Abies percent-
ages increase together with Chenopodiaceae; Gra-
mineae show a decline for the first time.

Subzone Y2 (spectra 66-69). AP values decrease con-
siderably. Chenopodiaceae are dominant, at values
of about 9o%, whereas Artemisia drops trom about
25 to about 109, and less.

Subzone Y3 (spectra 70-76 ). AP values increase again,
mainly because of Piuns, but Quercus cerris-type,
Corylus, Abies, Betula, and Alus also demonstrate
higher percentages.

Atthebeginning ot zone Y coniferous torest started
tospread over the mountains. Apparently conditions
were not suitable tor any increase of deciduous oaks.
During zone X temperatures were low but steppe
vegetations were tavoured especially by drought.
The establishment or increase of trees would have
benetitted most by any increase in precipitation. An
increase in temperature would have caused even
more severe drought. At higher altitudes in the
mountains moisture did not play such an important
role as at lower altitudes. Since only coniterous spe-
cies increased and not trees of intermediate or lower
levels it is reasonable to conclude that there was a
rise in temperature at the beginning ot zone Y. At
lower altitudes the increase in temperature caused
the spread of steppe vegetation, in this case Cheno-
podiaceae. It is not impossible that some of these
chenopods grew on the shores of Lake Xinias during
periods of summer drought (Wasilikowa, 1967). Sur-
tace sample studiestrom Syriapointhowever to high
pollen values tor Chenopodiaceae where no lakes
are found at all (Bottema and Barkoudah, in press).

During the next subzone Y2 conditions became
very unsuitable for tree growth. It is probably that
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trec=s declined in the area and only grew in more
suit= able parts of the Pindus Mountains. Steppe vege-
tatieon prevailed in the Xinias area, a vegetation in
whz ch Chenopodiaceae dominated. This period
seerms to be even more untavourable for plant cover
thar the whole Glacial period discussed betore. May-
be =zn increase in temperature caused even more
seveere drought. Coarse material appears in the sedi-
mer 1t towards the end ot subzone Y2z and also during
sub zone Y73 (see also description of lithology). Un-
der the extreme climate of subzone Y2 plant cover
musst have been very sparse on the slopes around
Lalk e Ninias. This tacilitated erosion when showers,
alth ough very infrequent, transported sand, whereas
in o»ther periods the vegetation protected the soil
bett er so that mostly clay was deposited.

I_ess extreme conditions were found after this
peri od during the third subzone Y'3. The conditions
ofsuibzone Y1 seemto havereturned asa comparable
poll en picture showsup. There is one important dit-
tere nice: Artemisia does not return to its tormer
values but loses even more ground and is maybe
replaced by Gramineae. Some deciduous species in-
crea se towards theend of subzone Y3 demonstrating
the development of a different climate. Coniferous
species increased again at higher elevations.

Swuch a situation as described must have been
induced by a change in climate, in this case an in-
crease in precipitation as well as a rise in temper-
aturc.

T he beginning of zone Y is dated about 15,000
B.P. byinterpolation. This date and the radiocarbon
date of 10,680 4 9o B.P. (GrN 6885), at the end of
this zone, define zone Y as a parallel of the Late-
Glacial as we know it from northwestern Europe.
It must be stressed that the sequence ot Older Dryas,
Allerédand Younger Dryasotnorthwestern Europe
is demonstrated here as an unfavourable period be-
tween two periods with a milder climate. This is in
marked contrast to northwestern Europe where in
tact the reverse is found. A possible explanation tor
these phenomena (see also Bottema, 1978) is the
difterence in etfect of an increase in temperature
upon two areas so far apart and where the annual
distribution ot the precipitation is completely dif-
ferent. In the Ninias area, with a pronounced steppe
climate, anincrease in temperature caused even drier
conditions, resulting in a situation as described for

subzone Y 2.

6.3. Postglacial
Zowe Z (spectra 77-91)

The boundary between zone Y and zone Z is chosen
where a rapid increase of the AP is found, between
spectra 76 and 77. This level yields the date ot 10,680
B.P. mentioned above.

Zone 7 covers the period which in northwestern
Europeis knownas the Postglacial. Themaincharac-
teristic is the high tree-pollen value throughout this
zone. The Postglacial in Greece is studied more otten
and in more detail than the older periods. Thus more
information is available f or comparison. Zone Z dis-
plays characteristics also found in diagrams tor Ioan-
nina, Edessa, Khimaditis (Bottema, 1974) and
TenaghiPhilippon (Wijmstra, 1969)etc. The follow-
ing subzones have been established: Subzone Z1
(spectra77-78), Subzone Z2 (spectra 79-8 1), Subzone
Z3 (spectra 82-85), Subzone Z4 (spectra 86-87), Sub-
zone Zs (spectra 88-91).

Subzone Z 1. During this subzone Onercis ceriis-type
pollen percentages increase rapidly, together with
some other tree types. From the Juuiperns curve it
may be concluded that initially the forest vegetation
was still open. Evergreen oaks started to play a role
together with Pis/acia and the submediterranean
species [ raxinns ornns. Coniters were not important
during this subzone while steppe plants delivering
pollen types such as Arremisia, Ephedra distachya-
tvpe, and Cewlanrea solstitialis-type decreased or even
disappeared. At the same time pollen is found from
Poterinm]S anouisorba minor. 1t is not clear whether
this pollen type belongs to the maquis-plant Poterism
spinosunr or to Sanenisorba minor. This type is found
atthebeginning ot the Postglacial,notonly in Greece
but also in other Mediterranean and Near Eastern
countries. Both species are light-demanding but ac-
cording to Horvat e/ al. (1974) Poterimm spinosnm
(Sarcopoterinm spinosum ) is restricted to coastal areas
as it is sensitive to trost. Sauguisorba minor, among
other species, is tound in vegetations together with
Quercns prbescens. Sangnisorba minor can probably be
expected in subzone Zi-vegetations.

Subzone Z2 shows very high values of Quercus cerris-
type together with relatively important values of
Pistacia, Juniperns, and Poterimm-type. Especially the
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last type measures up to 15%, The boundary with
subzone Zs3 isplacedwhere Carpinis orientalis| Ostrya
and Cory/ns increase. The sudden expansion of Car-
phins orientalis| Ostrya is observed in other Greek dia-
grams (Bottema, 1974; Wijmstra, 1969) and dated
about 6500 B.P. Interpolation ot the radiocarbon
date obtained for material froma depth ot 1.50-1.60
m gives about the same result.

Subzone Z3. The AP percentages and the significant
value ot Poferinm-type point to rather open forest.
The climate responsible for this vegetation would
atleast have had dry and hot summers. P/is/acia and
the possibility of Poferinmn point to winters with a
Mediterranean character, at least not extremely cold.

Arboreal pollen still increased during subzone
7.3, although Quercits cerris-type had to give way to
Carpinns orieitalis|Ostrya. Abies and  Pinns show
somewhat higher values as is the case with Fraxzuins
excelsior. Plantago laiceolata-type torms a closed curve
at the beginning of this subzone. As the author
knows no other Plantago species trom the area that
match the /fanceolata-type, the curve may represent
this species. Using Plantago lanceolata as an indicator
of agriculture, there are signs ot such human in-
fluence at about 4500 B.C. (6500 B.P.). For part ot
this period, beech must have been present some-
where as very low percentages of Fagus pollen are
tound.

Suthzone Z 4 shows high values tor Qnercus cerris-type
whereas several other arboreal types, including //s-
tacia, Fraximis orms, Ulmns, Tilia, and Fraxims ex-
celsior quite suddenly decrease or disappear. Erica-
ceac and Cenlanrea solstitialis-type now start con-
tinuous curves. The cause of this is as yet unknown.
Man may have destroyed the trees but the Ericaceae
tor instance may be the sign of human as well as
climatical influence, such as an increase in precipi-
tation.

Stubzone Z5 1s characterized by relatively high Fagus
values. Asis often found in diagrams from northern
Greece, Ericaceae increase at the same time as /"qgis
or somewhat earlier. This increase of beech is dated
at about g4ooo B.P. (Turner and Greig, 1975; Bot-
tema, 1974). At the same time as the Ericaceae show
up, Centourea solstitialis-type, abundant during the
Glacialperiodand up to subzone Z3, starts to appear

again. Plants producing this type were probably
tavoured by man. The Ericaceae may form part of a
maquis resulting from wood-felling activities espe-
cially in the coastal area. The increase ot Abies (5%,
andmore)also maybethe resultofsecondary growth
of this species where other (climax) forest had been
felled (Athanasiadis, 1976).

Values tor Quercus coccifera-type increased during
subzone Zs suggesting a spread of evergreen oak
where deciduous mixed forest had been destroyed.
In spectra 9o and 91 O/ea is tound in relatively im-
portant numbers (fig. 4). This pollen must have
originated from olive groves somewhere in the
neighbourhood and are a clear sign of increasing
human occupation. The winters in the plain are too
cold tor Olea but on the southwest slopes of the
Olympus olives occur up to about 1000 m. The
coastal area is important for olive-oil production
(Geographical Handbook, 1944).

It is ditticult to ascertain whether the complete
Postglacial is covered by the diagram. Spectra 9o
and 91 yield Castanea pollen (0.3 and o0.1%,) while
spectra 87 and g1 show Juglans. The first appearance
of these types together with Platanus takes place
about 1450 B.C. or later (Readman and Bottema, in
prep.). Comparing with diagrams ot Edessa and Khi-
maditis (Bottema, 1974), Pertouli and I.itochoro
(Athanasiadis, 1975) spectrum 87 can be dated 3000
B.P. or younger (table 1).

On the Tymfristos thereare large forests ot Casta-
sea sativa nowadays while on the Oeta Jrglans regia
is found. Aeseulus bi ppocastanenns is found on both
mountains. On the Ossa Mountains Castanea sativa
is met with even in pure forests from 3o0o-1200 m.
On the northeast exposures ot the Kato Olympus
Aesenlns hippocastanenns occurs along small streams
(Voliotis, 1976a, 1976b). In prehistoric and more
recent times Juglans, Platains and Castanea would
havebeenlimited to the mountains around the plain.
Areund Lake Viviis such species were not to be
found.

Aesculns is thought to be endemic in the Balkans.
Thetreeis not abundant at the present time. As the
horse chestnut is insect-pollinated it is considerably
under-represented in the pollen rain. Even if this
tree had been more common at one time it would
be impossible to demonstrate this by means ot pollen
analysis. In Ninias this tree is represented only once,
in spectrum 87 (table 1).
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For studying the modern pollen rain in Thessaly,
the wesults of only one surtace sample are available.
Mr. and Mrs. Reinders-de Roever from Lelystad
(Nettherlands)wereso kindas to takeasampleduring
theiw archaeological investigations in 1978 near
Volos. The sample comes froma Phrygana (a degrad-
ed scadium ot Maquis or Psendomaquis) near the coast
between Halos and Volos (fig. 2). AP values in the
surfzace sample spectrum are low, as could be ex-
pected (table 3). Especially the values of Castaiea
(0.5%), Juglans (0.59,), and Platanns (1.7%) are il-

TABL.E 3

Surface sample (for location see fig. 2); percentages based upon

I: p ollen sum including all types except for indeterminata

lustrative, indicating that these trees, grewing on
the mountains, are distributed rather well. The fact
that Castanea and _Juglans are found tor the first time
in spectra 9o and 87 of the Xinias diagram shows
that they did not play a role previously.

Comparisoin of the preseit vegetationwith the upper sam ples
of the Ninias diagram

Can we demonstrate a relation between the (partly
reconstructed) natural vegetation (fig. 2) and the

Il: pollen sum including all the same types as |, except for Crassulaceae which are thought to be over-represented

II; p ollen sum as chosen in the diagram Xinias | and Lake Viviis

Quer cus coccifera-type 6.2 8.2 9.1
Phillyrea 0.5 0.6 0.7
Pistacia 0.5 0.6 0.7
Olea 5.7 7.5 8.4
Oleaceae 0.7 0.9 1.0
Quercus cerris-type 2.0 2.6 29
Carpinus orientalis/Ostrya 0.7 0.9 1.0
Corylus 0.2 0.2 0.2
Cupressaceae 3.6 4.7 5.3
Abies 0.8 1.1 1.2
Fagus 0.2 0.2 0.2
Pinus 5.6 7.3 8.2
Alnus 0.5 0.6 0.7
cf Salix 0.3 0.4 0.5
cf Citrus 0.3 0.4 0.5
Vitis 0.2 0.2 0.2
Rhamnaceae 0.2 0.2 0.2
Juglans 0.3 0.4 0.5
Castanea 0.3 04 0.5
Platanus 1.1 1.5 1.7
Ericaceae 0.3 0.4 0.5
AP 30.2 39.6 442
Artemisia 0.2 0.2 0.2
Chenopodiaceae 4.8 6.2 7.0
Plantago lanceolata-type 1.8 2.4 2.6
Plantago spec. 1.8 24 2.6
Cerealia-type 0.7 0.9 1.0

Gramineae 15.9 20.9 23.3
Liguliflorae 1.0 1.3 1.4
Senecio-type 0.2 0.2 0.2
Matricaria-type 0.8 1.1 1.2
Xanthium 0.2 0.2 0.2
other Tubuliflorae 1.3 1.7 1.9
Ranunculus acer-type 0.7 0.9 1.0
Lotus-type 1.5 1.9 2.2
Leguminosae 0.3 0.3 0.4
Campanula 0.2 0.2 0.2
Umbelliferae 1.1 1.5 1.7
Brassica-type 1.8 2.4 2.6
Papaver 0.2 0.2 0.2
cf Anagallis 0.2 0.2 0.2
Echium-type 1.5 1.9 2.2
cf Labiatae 0.2 0.2 0.2
Crassulaceae 233 30.5 34.1
Lythraceae 0.3 0.4 0.5
Galium-type 0.3 0.4 0.5
Rumex acetosa-type 0.8 1.1 1.2
Urtica 2.8 3.7 41
Polygonum aviculare-type 0.8 1.1 1.2
Cyperaceae 2.5 3.2 3.6
Sparganium-type 2.5 3.2 3.6
Indeterminata 6.2 8.2 9.1
POLLEN SUM 608 466 417
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upper spectra of the Ninias diagram (or Viviis dia-
gram)? Nost of the area around Xinias belongs to
the Ostryo-Carpinion but north of the Othrys ever-
green elements appear in this zone (Coccifero-Car-
pinetum). Thus next to the very common Qrercus
prbescens trom the Ostryo-Carpinion, pollen of Qrer-
¢is cocelf ea can be expected. Nearer the coast Qrer-
cus coceifera-type pollen is produced by the Quercion
ilicis.

A Quercion confertae inhabits a large part of the
Pindus Mountains producing deciduous oak pollen
by Quercus frainetto (conferta), Q. cerris,and Q. pubes-
cens. 'The mountain area covered by Fagion and
Abietion is much smaller.

Although no special zone is ascribed to Piuus i gra
oneshould keep in mind that this tree occurs in many
places in widely divergent altitudes.

Quite understandably the bulk of the pollen is
produced by the various deciduous oak species
whereas the evergreen oaks have a more modest
share in the pollen precipitation. Carpiins orientalis|
Ostrya pollen is represented fairly well in the zone
of that name. The share of [agus and Abies is small
but so is their share in the vegetation and they are
growing further away.

Pinns, a genus that is often over-represented in
the pollen rain, demonstrates unexpectedly low
values. It is quite possible that the upperspectra date
back to a subrecent time when deciduous oaks were
still plentiful and by far outnumbered the other trees
including pine.

7. LAKE VIVIIS
7.1. Coring and lithology

Coring: In one hole at the west side of the drained
(dried up) Lake Viviis; c. 3 km SE of Kato Kata-
makion (fig. 2).

Lithology:
6- 6o cm grey to dark-grey clay with dark
patches

6o-215 cm  grey clay with dark and rust-colour-

ed patches

215-276 cm  idem dark grey

276-377 cm  idem grey

377-400 cm  idem dark grey

400-437 cm  idem light grey
437-447 cm  grey clay with many rust-colouted
patches and small stones.

The L.ake Viviis sediment was difficult to core as
the clay was very hard. The many patches that were
yellow to rust-coloured may be a sign of oxidation
and insomesamplesa very low pollen concentration
was met with. The fact that no pollen counts could
be made in several places should be kept in mind
whenjudging the diagram. Whenspectrumdistances
are over 3o cm the pollen content in between was
too low to make satistactory counts. The quality of
this information is deficient compared to the Ninias
diagrambuthardly anyintormation is available from
the lowlands in Greece at all. For this reason it is
nevertheless of some use.

7.2. Pollen sum

In preparing the diagram (fig. 5) several pollen sums
were tried and provisional diagrams drawn. A dia-
gram based upon a pollen sum including only the
arboreal types could hardly be compared with the
Ninias diagram. One sum was made including tree
typesand wind-pollinating herbsandanotherinclud-
ing tree types and all non-local herb pollen types
(fig. 5). These two diagrams looked very much the
same (see also Xinias I). The basic difference was
that the AP/NAP ratio gave, understandably, lower
AP values when more herbs were included. Never-
theless both AP curves were running parallel at some
distance apart. For that reason the sum chosen to
calculate the percentages was that which included
all trees and non-local herbs. Nevertheless some
herbs may have a local effect appearing in consider-
able numbers when thelake dried up, either seasonal-
Iy or tor longer periods. According to intormation
from the Geographical Handbook (1944) this hap-
pened quite often in recent times.

8. DISCUSSION OF THE VIVIIS DIAGRAM
Pollen zones:
Zone 1 (spectra 1-3)

The pollen percentages ot deciduous trees like Car-
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pinus orientalis| Ostrya, Corylus and Carpinus betulns are
relatively low compared with the next zone 2. Maxi-
mum values for P/uns are about 209%,. The values
tfor Liguliflorae are very high as are those ot the un-
identified grains. These two facts point to corrosion
of the pollen content (Bottema, 1975).

Zoie 2 (spectra 4-8)

At the end of zone 1, Ostrya-type had already in-
creased, aprocess going oninzone 2. The increase of
Carpiinus orientalis|Ostiya is also visible in Ninias |
(tig. 4). This event is dated about 6500 B.P. (Bot-
tema, 1974). Ericaceae show a closed curve at the
same time, #7z. at the beginning ot zone 2. This is
much earlier than in the Xinias I diagram. A possible
explanation could be the difterence in elevation be-
tween the two lakes. The vegetation during zone 2
wouldhavebeen composed mainly ot deciduous spe-
cies. Onercuscerrisor Q. infectoriatogether with Ostrya
and/or Carpinns orientalis, Corylus, and Carpinus betir-
/us grew in the plain and the surrounding toothills.
Pine must have retreated to the higher mountains,
as indicated by rather low values (10-20%,).

Zone 3 (spectra 9-10)

Zone 3 is characterized by a brief increase of Piuns
resulting in the highest AP value of the diagram in
spectrum 9. This increase is quite probably the result
of pine spreading over the Volos plateau and the
Mavrovuni Mountains. A comparable increase is not
to be seen in the Ninias I diagram.

Zone  (spectra 11-15)

Zone 4 shows a constant decline of the AP values.
Piuns and Quercns cerris-type decrease considerably
and Ostrya-type, Ulmns, Tilia, Corylus, and Carpinins
betulns disappear.

This decrease must have been caused by man as
Jmiiperns occurs from spectrum 13 on. Abies and
Tagns are still present in low numbers and this is
an indication that the forest destruction took place
at lower and medium altitudes tirst.

It is quite conspicuous that the (sub)Nediterra-
nean types are tound cither not at all or only in in-
significant numbers. There are several explanations
tor this absence. This group is under-represented in

the pollen rain (Bottema, 1974). The preservation
of the material was not ideal and some grains remain-
ed unidentitied. Bothexplanationsare,however, not
enough to explain the absence of this group and it
is clear thatin thelower plain of Thessaly the climax
vegetation was not replaced by maquis when man
settled there.

Castanea (0.7%,), Platains (0.4%;), and Olea (1.99,)
appear in the uppermost spectrum only (table 4).
Compared with the diagrams of Pertouli and Lito-
choro (Athanasiadis, 1975), part of the younger sedi-
ment must have disappeared or no deposit was form-
ed (seealso XiniasI). Even Cerealia-type shows up in
spectrum 15 only (0.6%,). In this respect the surtace
sample study (table 3) is illustrative. Even on the
coast pollen of Jug/ans and Castanea is tound. In the
area around Lake Viviis they would not have been
important before the time of spectrum 15 (tig. 5).

The dominance ot the non-arboreal pollen types
isstrikingalthough this may have been partly caused
by thedryingupofthelake. Still the Viviisarea would
have showed open forest or treeless vegetations es-
pecially compared to Ninias, situated at an altitude
about oo m higher. Up to now very few lake sedi-
ments trom about sea level in Greece have been
studied palynologically. The Drama section (Wijm-
stra, 1969) often reflects marshy conditions instead
of open water so local pollen production is impor-
tant. Unpublished information from Lake Trikhonis
in Akarnania, atsealevel, showsthatthelower vege-
tation zones are represented better than the moun-
tain belts (as is fairly predictable). NAP values are
higher than their counterparts in diagrams originat-
ing fromlevelsot yjoomandhigher. Of course human
influence was also greater upon the lowland vege-
tation (forest) than on the vegetation at higher alti-
tudes, at least in the early stadia.

Although the plain of Thessaly was inhabited by
tarming cultures starting in the 7th millennium B.C.
(Halstead, 1977) it is difficult to ascertain the in-
fluence of man upon the vegetation trom this dia-
gram as well as trom the Xinias I diagram. Cerealia-
type pollen is only represented in spectrum 15 with
0.6%, (table 2). Plantago species, especially P. lanceo-
lata-type and Centanrea solstitialis-type as possible in-
dicatorsof tarmingare present throughout the whole
diagram. This is not unexpected as the assumed time
covered by the diagram talls within the limits of the
Neolithic and later tarming periods. The beginning
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of zone 3 shows traces ot aregeneration of pine forest.
Interpolating from the assumed date of 6500 B.P.
tor the increase of Carpinns orientalis|Ostrya at spec-
trum 3, this possible regeneration dates trom about
3500-3000 B.P. However, the age of the top sample
(spectrum 15) is very ditficult to trace, but may be
a tew thousand years, because ot the absence of Jxg-
lans and the very late appearance of Platanns and
Castanea (in spectrum 15). With this assumption the
interpolated date would beabout 3900-4000 B.P. The
briefincrease ot P/unspollencouldindicateadecrease
in population pressure in the plain and adjoining
mountains.

After that period the degradation and destruction
of forest started again with renewed force. Accord-
ing to the low AP values forest occurred only on the
Volos plateauand other mountains, leaving the plain
almost devoid of trees (see also Turrill, 1929).

An increase in Pleridimn is visible after the AP
maximum in spectrum 9. Bracken would have
spread in places where forest was cleared on the
mountains.

9. LOCAL VEGETATION
9.1. Marsh and water plants ot Ninias

Half the Ninias I diagram consists of curves ot plants
which are considered to belocal. Apart from pollen,
curves of spores and Pediastrum species are present-
ed.

It is immediately seen that this part of the diagram
not only shows high to very high values but also
that most curves demonstrate pronounced fluctu-
ations.

Fromspectrum 1-24 pollen curves of Cyperaceae,
Sparganimm-rype, Myriophyllun verticillatnimn-type and
the curve of Dryopteris run very smoothly. Peaks can
be seen in the spectra 24-27, 32-39, 43-48, and 56-64.
It is always difticult to explain the meaning of such
peaks. One is inclined to implicate the water level
of the lake to explain such phenomena. A plant spe-
cies or a group of species would demonstrate a high
pollen percentage when the water depth was optimal
tor their growth at the point wherea core was taken
later.

With a change in water-table one may expect a
change in water-plants and thus in pollen types and

values. In the case of a talling water-table first the
plants ot deeper water would appear, tollowed by
plants of shallow water and finally by marsh plants.

At adepth ot 0.5-3 m in eutrophic water a Nym-
phacion (Westhott and Den Held, 1969) may have
occurred. In moderately eutrophic water to eutro-
phic water deeper than 1 m, something like a Pota-
meto-Nupharetum could be found, including N~
phar lutesn, Myrio phyllwm verticillatum ox M. spicatumn,
and Potanngeton species.

In marshy areas, flooded all through the year and
up to 2-3 m deep, typical representatives ot a Phrag-
mitetalia would have been tound like Typha latifolia,
1. angnstifolia (included in the Sparganinn pollen-
tvpe), [ris psendacorns, and Cyperaceae, tor instance
Scirpns lacnstris in deeper water and other represen-
tants of this family in shallower water or in marsh.
In the vegetationalong the edge of the lake Cladinm
marisens was present. In the vegetation just above
water level Dryopferis species occurred. The vege-
tation units or plant species ascribed are represent-
ed in the pollen diagrams with higher or lower per-
centages.

As these plants do not require the same habitat
but vary in their demands withregardto waterdepth,
water movement, light, and trophicstate, the succes-
sion should be obvioustromthe pollen record. How-
ever, such an ideal situation is rare. When the water
depth decreases, either by sedimentation orlowering
of the water-table, plants ot deeper water will be
tollowed by others and finally even marsh plant-
pollen will be met with. Of course the reverse of
such a succession can also be encountered. A marsh
vegetation will drown when the water-table rises and
be succeeded by for instance a Phragmifes vegetation.

The pollen and spore dispersal hinders the exact
tracing of vegetation succession as plants growing
at some distance may even confuse the production
on the spot. Thus in spectra 24-27 Sparganinmn-type,
Typha latifolia, Myriophyllune verticitlatmm-type (also
including Af. spicatum) appear together with Dryop-
teris, the spore ot which represents a large group of
tern species. In general Cyperaceae either precede
or follow an increase in typical water plant-pollen.
Myriophyllunr verticillatmn-type generally follows the
same course as Sparganium-type, apart from spectra
52 and 54 where it is only accompanied by Po/anso-
getonn. Such events are not restricted to the Ninias I
diagram but can also be seen in the loannina I dia-
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gram on the other side of the Pindus Mountains
(Bottema, 1974).

During Late-glacial times a marked decrease in
pollen types of aquatic origin takes place. Cypera-
ceac are important towards the end of this zone.
Furthermore Polygonni aviculare, Urtica and Diyop-
teris indicate marshy conditions instead of open
water.

The Postglacial partof the diagram showslow values
forlocal pollen. The increased pollen production of
the upland vegetation most certainly influences the
percentages.

Typha latifolia still has the same values as in the
previous period. Nywmphaea is relatively important
whereas Butonins, Menyanthes, and Lemna, met with
before in low numbers, are no longer found. Spores
of Isoétes are now regularly encountered. As there
are many /soétes species demanding difterent habitats,
nothing can be concluded from the presence of these
spores.

Pteridinm, a tern from the upland vegetation and
not of local origin, formed part of the undergrowth
of the deciduous torest and appeared early in the

Postglacial.
9.2. Pediastrum

The various Pediastrum species or varieties are also
counted and calculated as percentages of the pollen
sum. As some types sometimes have very high values
they are presented in the diagram on a different
scale.

Atfirstglance theirregular character of the curves
is striking. As stated previously (Bottema, 1974),
hardly any information is available on the ecology of
Pediastrum. Pediastrum boryanun is ubiquitous in
Lake Xinias and this is true for many other (Greek)
diagrams. Such Chlorophyceae indicate the presence
of water, although of course the presence of water is
also concluded from the fact that sediment was de-
posited. What else can be deduced from Pediastrum¢

Pediastrum boryainnm is met with even during the
Late Glacial when all the other Pediastrum species are
absent. Pediastrun duplex var. clathratuns as usual
shows the same tendency as 2. boryanum but with
lower numbers. Pediastrum duplex var. arachioidea
is rarer than the first variety. Apart from spectra 42-
47 it behaves in the same way. Pediastruns kanwraiskyi

demonstrates high values for the lower and the
upper part of the Glacial period presentedin the dia-
gram. It is found hardly or notatall during the Post-
glacial. Pediastrun: kawraiskyi occurs in Greece dur-
ing Postglacial times only in the interior lakes of
Kastoria and Khimaditis at altitudes of 650 and
560 m respectively.

Lake Kastorialiesinbetweenthe 25.5°Cand 26°C
July isotherm (Philippson, 1948). Correcting for
altitude the July temperature would be about 23°C.
The 7°C January isothermis found close to the lake,
after correction the January temperature would
amount to 4.9°C. The average July temperature for
the nearest meteorological station of Ohrid is about
21°C, for Januaryc. 3°C. The corresponding temper-
atures for Thessaly, as concluded from the meteoro-
logical stations of Volos and Lamia, are 8°C and
25-27°C for January and July respectively.

In the following table the average temperatures
of some Greek sites will be given, together with the
presence or absence of Pediastrum kanraiskyi.

Site Average  Average  P. kawraiskyi
January  July present or
temp. temp. not

I.ake XNinias c. 5°C c. 25°C  —

Lake Viviis ¢. 8°C c. 27°C  —

loannina 5.1°C 24.0°C —

Edessa 3.4°C 24.6°C —

Giannitsa 5.6°C 26.7°C +

Khimaditis 1.8°C 23°C +

KNastoria 3-4.9°C  21-23°C

[t seems that Pediastrum kanraiskyi is favoured by
low temperatures, possibly an average of about 3°C
for Januaryand/oranaverage ofunder 23°Cfor July.
Which of these is the limiting tactor is not known.
In addition to temperature other factors must be
decisive tor the presence or absence of this alga. For
instance in Lake Vegoritis with deep and rather
sterile looking water and bare banks, no Pediastrium
kanraiskys has been present during the last few thou-
sandyears. Inthenearby Lake Khimaditis, however,
this species is very common.

Pediastruns simplex is found in large numbers in
some spectra and is completely absent from others.
No explanation tor this behaviour can be given.
Pediastrum clathratm is found almost exclusively in
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Fig. 6. Pediastrum “kawraiskyi-boryanum”.

the lower two zones. There it attains very high val-
ues. The species disappears at the beginning ot zone
X and appears in low numbers in the first halt of
the Postglacial.

A Pediastrum species named “kawraiskyi|borya-
un’” occurred in large numbers in part of the spec-
tra (fig. 6). No matching descriptions could be tound
in the literature. This type has outer cells which re-
semble Pediastrunms kanraiskyi. The lobes of the peri-
pheral cells are triangular and not elongated. They
are placed one above the other or they are in one
plane in which case they slightly overlap. In between
the cells that form the body, openings are found like
in Pediastruns clathratmn. I'he cells are shaped more
or less as in 2. boryanum and are pitted in the same
way. For this reason a provisional name of a combi-
nation ot P. kawraiskyi and P. boryanum is given. P.
karaiskyi[boryanim was found inanother Greek dia-
gram betore but the specimen was considered to be
an artetact (Bottema, 1974). Later, however, some
specimens were also encountered in samples from
Lake Zeribar, Iran (van Zeist and Bottema, 1977).
It was only when this type was found in such large
numbers as here in samples trom Lake Ninias that
more attention was paid and the type was identified
as a separate one. The new type correlates to some
extent with Pediastrum simplex and not with 2.
kanraiskyi.

9.3. Miscellaneous

The curve of the indeterminata includes mostly cor-
roded grains which could not be identified. Corro-
sion can bean indication of seasonal drought causing
changes in water levels. This is especially the case
in spectra 60-76, a period represented by pollen as-
semblages also indicating dry conditions.

Only quantitative information is given regarding
the presence of three Chlorophyceae, viz. Coelastrum
reticilatim, Scenedesmns, and Tetraédron. During zone
Y they were not tound indicating different condi-
tions at that time. No further conclusions can be
drawn from the presence or absence of these Chloro-
phyceae.

9.4. Local vegetation ot Viviis

The local marsh tloraand lower plants ( Pediastrium )
growing in and along the lake show irregular pollen
andspore patterns. This must be due to the changing
water-table of the lake. Cyperaceae, Sparganinn-type,
Isoétes, Pediastrum boryanmm, P. simplex, and P. da-
thratm are clearly correlated. Their peaks suggest
higher water levels, whereas low values suggest dry
phases. This is also concluded trom the curve ot un-
identitied grains (indeterminata). This group covers
those pollen grains which were too corroded to per-
mit identification. In general low values tor indeter-
minata (corroded grains) correlate with an abun-
dance ot Pediastrum and pollen ot marsh and water
plants. The correlation of corroded pollen in relation
to Ligulitlorag has been discussed previously (Bot-

tema, 1975).

1o. CORRELATIONS AND CONMPARISONS
10.1. Correlation of Greek diagrams

Two Greek diagrams demonstrate a period that cor-
responds with that of Lake Xinias, »/z. that of loan-
nina (Bottema, 1974) and that of Tenagi Philippon
(Wijmstra, 1969). (For a comparison of Xinias,
Tenagi and Near Eastern diagrams the reader is
referred to van Zeist and Bottema, 1977).

The Ionannina core was taken on the west side of
the Pindus Mountains (fig. 1) at about the same alti-
tude as that from Xinias. The very deep section of
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IOANNINA  500m

XINIAS

500m TENAGHI PHILIPPON 40m

Fig. 7. Schematical diagrams ot Greek sites, showing curves
tor Quercns, Pinns, APINAP ratio, Artemisia, Chenopodiaceae
and remaining herbs; for location of the sites see fig. 1.

Tenagi Philippon was taken in the Drama Plain at
about 40 m above sea level (fig. 1). The parts that
correspond with the Xinias diagram are shown in
fig. 7. The curves of Quercus, Pinns, total arboreal

pollen, Artenisia, Chenopodiaceae and the sum of
the other non-local herbs are schematically drawn.

The vegetation at the three locations would have
differed according to altitude, exposure, distance
from the sea, etc. Such differences must be kept in
mind when comparing these three diagrams. An at-
tempt has been made to connect the periods that
could be recognized in the three diagrams on the
basis of the shape of the curves and the radiocarbon
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dates. The information used is partly derived from
van Zeist and Bottema (1977).

For the Glacial as well as for the Postglacial part
clear similarities can be seen. The lower part, the
zones loannina Sqand T4, Xinias V1-V 3, and Tenagi
Pr are thought to represent a similar period of time.
During this period forest covered that side of the
Pindus chain exposed to weather. On the sheltered
side of these mountains forest was restricted to suit-
able habitats at a certain altitude. Besides this, steppe
vegetations dominated. On the southern edge of
eastern Macedonia, in the low-lying Drama region,
there was only steppe. Any torest remnants must
have occurred further inland at higher altitudes.
These forests or tree stands decrease or even dis-
appear with the passage of time, sometimes recover-
ing during short tluctuations but on the whole con-
stantly losing terrain. It is evident tfrom the pollen
curves that trees hold theirownbetter on theexposed
side of the Pindus than on the sheltered side whereas
especially oak finally disappears from the Drama
reglon.

Up to about 15,000 B.P. steppe conditions prevail
and tree refuges were to be tound especially on that
side of the Pindus exposed to rainbringing winds.
It is also there that certain minor ameliorations of
theclimate tavourtree growth. Thisisless pronounc-
ed in Xinias, and in Drama the postulated rise in tem-
perature would prevent any form of tree growth.
The level of 15,000 B.P. is drawn somewhat lower
in tig. 7 than in van Zeist and Bottema (1977).

A little after 11,000 B.P. trees, especially oak, re-
place the steppe vegetation. The sharp decrease of the
AP values in Tenagi-zone Y3, must be due to local
herbs.

Thegeneral synchronizationof the three diagrams
is rather obvious. It will be more difficult to corre-
late the fluctuations in detail. For such a correlation
one has to assume that every change in climate is
ubiquitous and that such a change affects the vege-
tation and thus the pollen spectra derived from such
a vegetation, in a comparable it not exactly the same
way. It is obvious that vegetations at different loca-
tions are not the same, the ditferences being greater
as the abiotic factors diverge. This is clearly evident
for locations further apart (van Zeist and Bottema,
1977)-

For those who like to correlate tluctuations in
detail and to give them names, a scheme is given

. Such a scheme is more meaningfu
below. Such a scheme is more meaningtul when the
palynological information is obtained under compa-
rable conditions.

Table 4. Tentative correlation of the pollen zones
in diagrams from loannina, Xinias and Tenagi. The
codes used for the three diagrams refer to each dia-
gramonlyand cannot be used foreither ot the others.

loannina Ninias Tenagi
Sy V2 P1
T V3 P2
T; Wi P3
U2 W2 Ps
Uy W3 P
V2 X/W;3 Xz
A\ X (5.00 m) Ny

1o.2. The Wiirm Glacial steppe vegetation of
Greece

Apart trom the upper parts the pollen diagrams of
Ninias, loannina and Tenagi Philippon demonstrate
steppe conditions. The open vegetations provided
habitats for many herbs resulting in a wide range of
herb pollen-types. Only around g4o,000 B.P. is the
loanninaareacovered with dense forest that prevents
herb growth.

The amount of herb pollen tound during the last
glacial period varies trom site to site. In Ioannina
values fluctuate between 4o and 80Y%, (apart from
the torest phase). In Xinias NAP percentages are
80-909%,, whereas in Tenagi values exceed 959%,. It
will be clear thatapartfromthese values, vegetations
may have differed in composition.

A translation of such NAP percentages in terms of
vegetation remains ditficult. The modern pollen
precipitation of much overgrazed and/or destroyed
steppe, torest steppe or steppe forest in Syria is quite
instructive in this respect (Bottema and Barkoudah,
inthepress). Insuch vegetations NAP values amount
to 80-90Y, of which Artemisia constitutes 20-509,.
Vegetation cover averages 5-10%, and up to about
309, in patches of vegetation.

In the first place there are quantitative ditferences
in the various areas, secondly qualitative differences
are evident. The quantitative difference applies to
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Artemisiabeing better represented atlower altitudes
and in a more continental situation. In Tenagi .4/ 7¢-
misia measures 30-50%, in Ninias 20-27%, and loan-
nina 15-20Y,.

Chenopodiaceae are important during Late Gla-
cial times in Xinias and Tenagi. Gramineae tend to
be higher during the Glacial than during the Post-
glacial in Tenagi and Ioannina. In Xinias grasses are
relatively unimportant especially during the Late
Glacial. Cerealia-type pollen is tound during the
whole period covered by the pollen diagrams in
loannina and Xinias. They would have been part
ot the steppe vegetation.

Thetwo groups ot Ephedraidentitied riz. Ephedra
distachya-type and Ephedra fragilis-type behave dit-
terently. Both are present in the three cores tor most
ot the Glacial period but Epledra distachya-type be-
came more widespread during the Late Glacial.

Thalictrum is tound on all locations but in Tenagi
it is also found at the beginning of the Postglacial
indicating relatively dry conditions. P/antago behave
moreorlessidenticallyatall threelocations, although
the composition of the various types comprising the
total ot Plantago may be a little ditferent. In Xinias
and loanninaanincrease in Plantago is visible towards
the end of the Glacial period but during the Late
Glacial in Xinias, Plantago did not play any role.

In Xinias and to a lesser extent in loannina a series
ot difterent types belonging to the Tubulitlorae were
identitied. Comparison is not easy as in Tenagi most
of these types are included in the group of Tubuli-
florae, which are not identitied to genus level. A
striking feature is the presence of Nanthinm in the
Tenagi area in the Glacial period and especially
during the Late Glacial. Not a single grain of Nan-
thinn was found in the other cores. In young Holo-
cene deposits Nauthiunr occurs in sediments trom
Lake Volvi in Eastern Macedonia. In Lake Vegoritis
it is much rarer whereas in Lake Trikhonis in South-
western Greece it is altogether lacking.

Cistaceae, especially Helianthenmm, are common
in Xinias and tairly common in Tenagi while in Ioan-
nina they tend to be more rare. Anincrease towards
the end of the Glacial is visible.

Caryophyllaceae are represented tairly well in
loannina and Xinias, but are not represented at all
in Tenagi. Umbelliteracare commoninallthree cores
but in Xinias they attain highest values. There seven
types are distinguished according to the descriptions

in van Zeist and Bottema (1977). In the two remain-
ing cores they are however grouped together.

A series of types are present on both sides ot the
Pindus Mountains which are not mentioned in the
Tenagicore. They include: Cruciterae, Centanrea sol-
stitialis-type, Centairea scabiosa-type, Kiantia, Eu-
phorbia, Tencrinm, Campannla, 17 erbascum-type, Rhi-
nanthus-type, Hypericuns perforatum-type, Gerania-
ceae, Liliaceae.

The sediments of Ninias are very rich in types,
some of which are not reported tor the other two
sites. These include Scabiosa, Dipsacns, Malva, and
Coivolvulus. For the Postglacial Cynocranibe can be
added to this list. In contrast to loannina however
Plumbaginaceae were not met with.

Of the local water-plants and marsh tlora Butonins
and Nuphar were nottound in Tenagi but here Peplis
was very common whereas in NXinias only one doubt-
tul grain of Peplis was met with.

When discussing the similarities and the difter-
ences of the herb pollen and especially the steppe
vegetation in the three localities, the origin of the
cores has to be reckoned with. Tenagi is a large
marshy area with a lot of local pollen, possibly ob-
scuring regional NAP of surrounding steppe vege-
tations. Besides the amount of pollen counted is not
known. When large pollen counts are made the rare
types tend to show continuous curves. :\smany herb-
pollen typesare insect-pollinated one has to consider
the probability ot under-representation.

Steppic influences in loannina are less than in
XNinias, as can be deduced from the torest phase
prevailing there at about 40,000 B.P.

The Xinias area shows more variation in types
than the exposed side of the Pindus. This may be an
indication tor diversity in biotopes in Thessaly. The
high Artemisia values in Tenagi show that at low
altitudes lack of moisture was a limiting tactor tor
other vegetation, resulting in a dominating A rfeni-
sia-steppe.

10.3 Comparison with Anatolian and Iranian gla-
cial steppe vegetations

West Anatolia
NAP values trom West Anatolian pollen diagrams

(van Zeistetal., 1975) amount to 40-75%,, Artemisia
20-509,, while Chenopodiaceae average about 209%,.
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A difference with regard to the Greek cores under
discussion is the presence ot some Calligonum| Ptero-
pyram pollen. Despite a difference in altitude of soo-
1000 m there is a general resemblance ot the Glacial
spectra of Greece and West Anatolia.

East Anatolia and Westerin ran

The results of palynological investigations in East
Anatolia (Lake Van) and Western Iran (Lake Zeri-
bar) are drawn from van Zeist and Woldring (1978)
and van Zeist and Bottema (1977). The authors em-
phasize the difterent development of the vegetation
therecompared with adjacentareas. Thus ditterences
to the Greek/Western Anatolian pollen assemblage
can be expected.

In thisrespect the qualitative differences are worth
mentioning. The Lake Van and Lake Zeribar dia-
grams reveal the presence ot pollen types not met
with in the Greek/Western Anatolia cores. Those
types include Awisosciadimm-type, Atraphaxis, Rbe-
wny Rumex patientia-type, Statice spicatal Psylliostachys,
Leontice, Bongardia, Prosopis, Haplophy!lum, and Sysi-
rinchinm-type.

Nauthimmn was not encountered in these diagrams
and its presence in Tenagi may be linked with the
low altitude. The ditferences mentioned above sug-
gest a vegetation boundary between Western and
Eastern Anatolia caused by certain conditions of
which precipitation was a decisive factor.

11. ARCHEOLOGICAL IMPLICATIONS OF
THE PALYNOLOGICAL INFORMATION

11.1. Palaeolithic

Milojci¢ (1958) considers palaeolithic artefacts
tound together with faunal remains found at some
location along the Pinios River “als untypisch im
Sinne der westeuropdischen Klassen Terminolo-
gie”. Schneider (1968) concludes that these arte-
tacts, compared with other material, should be
placed in the Riss/Wirm interglacial or Early
Wiirm.,

Which period is represented by the fauna found
together with these artetacts? Schneider gives a
table (table §) grouping the various species ac-
cording to their climatical amplitude.

Table 5.
Warm Warm to Subarctic Cold steppe
steppe moderate  “Wald- climate
climate “Wald- klima”

klima”

Dicerorhinus  Elephas anti-
heneitoechus — quins

Hippopota-

muts cf. an-

tiqus
Equus by- Equus by-
drantinis druntiines
Equus cabal- Megaceros — ( Megaceros)  Megaceros
lus ct. ger-
Wanicins
Megaceros
Cervus ela-  Cervus ela- (Cervis ela-
p/)//‘r p/J//;\‘ p/)//‘r )
(Dawa sp.)  Damia sp.
Capreolus — Capreolus — Capreol ns
capreolis capreolis capreolirs
Saiga tata- Saiga tata-
rica rica
Bos privii-  Bos priwi- — Bos priwui-
gens Lgenis genns
Bibal s Bubal s

The tollowing notes are made in this table. /7/ppo-
potaums indicates winters without freezing. For Ca-
preofns during a warm steppe climate, steppe forest
must be available and for Bubalus marshes or water
must be present at the same situation.

The composition of the species is remarkable and
interesting, apart from the dating problems with
suchafaunalassemblage. Some of these species share
the same habitat, but others demand a clearly difter-
ent one. Such ditferent habitats probably would not
have been available under the same climatical con-
ditions. Seeing that these species difter so much eco-
logically, it is very ditficult to put them together in
the same period.

Schneider’s statement that the bone-bearing layer
was formed in a relatively short time is very impor-
tant. Accumulation over along period would in tact
makeiteasier to provide anexplanation tor the diver-
gent biotopes. What explanation can there be for
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this faunal assemblage brought together within a
short period”

According to the available palacobotanical infor-
mation (Wijmstra, 1969), during the Riss/\Wiirm,
Thessaly should compare with the Postglacial /7. a
closedforest musthavecovered the area. Itis difficult
to place steppe animals like Dicerorbinus benitoechns,
Eqius hydruntinus or Sajga tatarica in dense forest.

Theperiod during which Schneider estimates this
tauna to haveexistedis not represented in the NXinias
I diagram. Nevertheless theapparently incongruous
list of fauna can be connected with the kind of short
fluctuationsastoundinzone V of the pollen diagram.
Even during the maximum extension of the forest in
such a pollen assemblage there is still steppe present
in the area. The difference in minimum temperature
along the coastand in the plain is relatively greatand
resulted in a diversity of habitats at that time too.
Moreover the climatical fluctuation is so rapid that
several faunas may have tollowed each other closely.

Comparable periods as demonstrated in zone V
would have occurred also during the early Wiirm,
an ideasupportedby the sequence in the Tenagi dia-
gram (Wijmstra, 1969). Thus the origin of the fauna
as shown in table 3 is more likely to have occurred
in the early Wiirm than during the Riss/Wiirm inter-
glacial.

11.2. Neolithic and younger periocls

It has been stated previously (Bottema, 1974, p. 165-
166) that the impact of man on the vegetation is re-
flected rather feebly in the Greek diagrams. Only
about 5000 years after the beginning of the Neo-
lithic do clear traces appear in the pollen record. Ob-
viously also indicators have to be looked for other
than those well-known from northwestern Europe.
To study the influence of early farming upon the
vegetation, suitable sedimentsare needed. Such suit-
able sediments include those from rather deep lakes
wherelocal effectsare reduced toa minimum. Coring
in deeper water, however, causes a lot of difticulties.
The Nlackereth corer, although very practical tor
coring in deep water, has the disadvantage that its
maximum reach is six metres. In many Greek lakes
six metres covers only the last few thousand vears.
Corestrom the Lakes ot Volvi, Vegoritis and Thrik-
honis collected by a team ot the Department ot Geo-
physics of the University of Edinburgh and studied

palynologically by the present author gave promis-
ing results as also the more recent pollen rain is in-
cluded, judging from the presence ot Zea nais pollen.
However, the beginning of farming in Greece is not
represented in such cores.

Archaeological evidence from prehistoric Thes-
saly connected with the vegetation history is scanty.
Halstead (1976) gives intormation on the settlement
pattern in Eastern Thessaly, #/z. the plain in which
Lake Viviis (= L. Karla) is found. In the Early and
Middle Neolithic many settlements were found, all
of them situated in the northwestern part. During
the Late and Final Neolithic they covered the whole
plain. During the Early and NMiddle Bronze Age the
number of settlements sharply decreased. Halstead
thinks that the population increased again during
the Late Bronze Age. In his maps no settlements are
found in the vicinity of Lake Viviisapart fromasmall
outcrop in the southwest. The reason tor this must
be the tlooding that happened from time to time.

Thessaly was a well-known granary in Classical
times. Halstead explains the delaved development in
early times because of theisolation including the bar-
rier with the coast. Athanasiadis (1975) describes the
period atter the ILate Bronze Age by means of a dia-
gramfrom Litochoro. The “Middle Geometric” and
Helenistic cultures (9oo-200 B.C.) strongly influenc-
ed the vegetation through tarming. During Roman
and Byzantine times (200 B.C.-/\.ID. 9oo) the extent
of cultivated land declined, as concluded from evi-
dence including palynological information. The
flourishing of Byzantium up to the invasion of the
Turks (A.D. goo-1400) shows a renewed attack on
the natural vegetation as concluded from the in-
crease of pollen due to agriculture.

The vegetation regenerated to some extent after
the invasion of the Turks. Large estates (tchifliki)
developed where Turkish landowners controlled
their serfs up to 1881. Part of the Greek population
fled from the area because of uncertain conditions.
Gradually the people settled again and human intlu-
ences became stronger and stronger. This process
continued atter the liberation of Thessaly.

Until very recently farming was primitive because
of the general inability of the people to control the
water and as a result of the aftereffects of the Turkish
system of land management.
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