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I. I N T R OD U CT I ON 

In th is paper an a ttempt is made to analyse the 
poss ibi l i t ies of t he use of pol len as  ind ica tors 
of human act ivi ty in G reek h istory. Several 
approaches wi l l  be made in t h is respect .  New 
palynologica l information is brought forward 
in t he form of d iagrams from th ree lake 
sed i ments covering part of the H olocene . 
These sediments include the youngest periods 
t hat a re often lack ing in pea t bogs or d ra ined 
marshes where t he upper parts have been 
ploughed or where organic remains have been 
oxid ized . 

The use of pollen as an ind icator of human 
act ivi ty in G reece up to now has not been very 
successful in t racing t he onset of fa rming.  
Compared wi th  I versen's ( 1 94 1 )  study on the 
Landnam in Denmark such sharp ind icators 
a s  I versen was able to demonstrate do  not 
seem to be present in ea rly Neol i t hic Greece . 
Po llen of poss ible weed plants does occur in 
levels older t han t hose ascribed to Neol i t h ic 
t imes.  An a ttempt is made to evaluate the  
statement 'weed' plant by comparing between 
a plant-sociological study of G reek forests and 
informat ion on t he vegeta t ion history of 
Greece . 

In ci rcles of nature conse rvancy and nature 
management t he idea is  favoured that  up to 
the 20t h  century agriculture increased t he 
d iversity of t he landscape and the d iversity in 
numbers of plant spec ies in Western Eur ope.  
In this study at tent ion is paid to d ivers i ty of 
t he vegetat ion as  well as  to  d ivers i ty of po llen 
assemblages and possible relat i ons between 
the two.  It is  supposed t ha t  an increase in 
pollen d ivers i ty on some occas ions might 
ind icate human act ivi ty .  

The h istory of a few selected spec ies and a 
larger group of weeds is t reated in deta i l .  For 
t h i s  purpose ten pol len d iagrams from Greece 
were selected . 

In  younger periods,  t he influence of man 
upon t he vegetat ion in Greece i s  clearly 
vis ible .  Such an impact was not t he result of a 
constantly increas ing pressure upon the en­
vi ronment but a phenomenon that  could 
vary in t ime and in space . An attempt wi l l  be 
made to link the changes in vegetat ion derived 
from the pol len evidence w i th  ( pre)h istoric 
events .  

2 .  PALYNOLOG ICAL I N V ESTIGATIONS 
OF THE LAK ES OF T R I K H ON IS ,  
VEGOR ITIS AND VOLVI  

2 . 1 .  Introduct ion 
The cores from t hese th ree lakes were taken by 
Professor K. M .  Creer ( Department of Geo­
physics, Univers i ty of Ed inburgh) et al. for 
the study of palaeomagnet i sm (Creer, 1 98 1 ) . 
The cores were taken using a Mackereth 
corer t hat i s  able to sample 6 m in one s tretch 
in  deep water .  A d isadvantage of the Mack­
ereth corer is  that i t  cannot sample more 
than 6 m of sediment . The sed iments were 
stud ied palynologically to provide dates for 
the geomagnet ic  var iat ion curves . I t  was 
expected furt hermore, because of the origin of 
t he materia l ,  t ha t  the samples would provide 
good informat ion on the H olocene vegetat ion 
development . 

As a l l  three cores conta ined clay, samples 
were trea ted w i th  a specific  weight separat ion 
method ( B ottema, 1 974). Further process ing 
was done accord ing to standa rd methods. In 
chapter 2 .5 .  the dat ing problems wi l l  be 
d iscussed ( Bottema in Creer et al., 1 98 1 ) . 

Only a short ,  general reconst ruct ion of the 
vegetat ion wi l l  be given in t he d iscussion of 
the d iagrams.  In  chapters 5 ,  6 and 7 a 
d iscuss i on of t he poss ible rela t i ons of 
vegetat ion his tory and (pre)h is tory wi l l  be 
presented .  

2 .2 . Trik honis 

2 . 2. 1 .  Geography, climate and vegeta t ion 
Lake Trikhonis is s i tuated in Southwestern 
G reece ( 38° 36'N , 2 1 °  30'E) in t he province of  
Arkanania ( fig. I) a t  an elevat ion of about 20 
m above sea-level . It forms part of a complex 
depression originat ing from late Tert iary and 
Quaternary t imes when the whole of th i s  a rea 
was severely fractured . The main depression 
contains lakes Amvrak ia and Ozeros ; a 
subs id iary t rough l ies to t he north of t he 
Arak inthos M ountains (up to  1 000 m) and 
holds  the lakes Angelo kastron and Trikhonis .  
Overflow of. t hese lakes runs to t he Acheloos 
t hat  d ischarges into the  Gulf of Pa tras.  South 
of Lake Trikhonis,  sandstones and flysch a re 
found , in the  north alluvia l  deposi ts occur 
( G  reece, 1 944) .  

The  c l imate of  t he area i s  Med iterranean. In  
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Fig. I .  M ap of Greece i ndicat i ng the core locat ions from 
which pol len diagrams have been used in th is  study. I .  
Gravouna,  2. Tenagi Ph i l ippon,  3.  V olvi ,  4. Gia nnitsa, 5 .  
Edessa, 6 .  Vegoritis, 7 .  Kh imadit is ( I  & 111),8. Kastoria, 
9 .  Litochoro, 10. Ioannina 11, 1 1 . Pert oul i ,  1 2 . Xi nias (I & 
11), 13 .  Tri khonis, 1 4. Copais .  

January t he mean temperature is  about 1 0"  C, 
wh i le in July i t  is  over 25° C. Precip i tat ion 
averages 750- 1 000 mm of wh ich about two­
th irds fa l ls  during the winter ( Polunin, 1 980) .  
The lake l ies in a transit ional zone of 
Medi terranean and deciduous forest .  For a 
descr ipt ion of such vegetat ions , see i. a. 
Polunin, 1 980; Horvat et al., 1 974. 

2 . 2 .2 .  The diagram Trikhonis 5 ( fig.  2) 
From the core (code number 5) a d iagram has 
been prepared . The pol len percentages for the 
various types have been calculated on the 
bas is  of a pol len sum including a l l  types of 
trees and herbs apart from typical marsh and 
wa ter p lants .  

2 . 2 . 3 .  Zonation 

The Tri k h onis 5 d iagram i s  d ivided into five 
pol len zones on the basis of t he curves of 
various typical po llen types . 

Zone I ( spectra 1 - 1 4) .  These spectra are 
cons idered a separate zone because Platanus 

and Juglans are not present in contrast to t he 
upper spectra . Va lues of t he deciduous oak 
type rise steeply after spectrum 1 4 . Zone I can 
be subd ivided into a subzone la ( spectra 1 -4) 
and a subzone Ib  ( spectra 5- 1 4) on account of 
the h igher vaues in  t he latter of Artemisia, 
Plantago lanceolala-type and Cenlaurea sols­
titialis-type . 

Zo.ne Il ( spectra 1 5- 1 9) .  Compared w i th  t he 
preceding zone , h igh deciduous oak pol len 
values and lower herb pollen percentages .  

Zone III ( spectra 20 and 2 1 ) . Lower arborea l 
po l len values, mainly due to  lower Quercus. 

Zone IV ( spect ra 22-24) . I ncreasing arborea l 
pol len values. 

Zone V (spectra 25-29) .  Again dec l ining A P  
values. 

2 . 2.4. General vegetation reconstruction 

The geographical  sett ing of t he area is  very 
d iverse . Vegetat ion zonat ion varies from local 
sea-level lowlands, marshes and sal ine habi tats 
to t he h igh mounta in belt furt her inland . The 
p o l len prec ip i ta t ion  caught by t he l ake  
represents t hese success ive vegetat ion zones, 
quite probably w i th  an over-representat ion of 
t he lower zones. This last statement of course 
is  va l id inasfar as t he l ower zones have not 
been degraded too much .  

Pol len types from the mountain belt d isplay 
low values in t he d iagram .  Th is must have 
been because the pollen-producing forest lays 
at quite a d istance . That beech has low va lues 
is understandable as it is a lso hardly found in 
the area nowadays .  Abies and Ca rp in us 
orientalis/ Ostrya may be influenced by the 
long d istance to t he sampl ing locat ion and 
they are t hus outnumbered by t he pol len 
production of the footh i l l s  and lowland areas. 

When comparing the lowest spectra and the 
uppermost spectra of the Trikhonis d iagram, 
hardly any conspicuous d ifference can be 
seen. That would be a reason to  bel ieve t hat 
t he general vegetat ion p icture of t he beginning 
of zone I- t ime was the same as t hat vis ible 
today. Such a suggesti on may hold for t he 
general vegetat ion cover or species compo­
s i t ion but some deta i l s  are worth ment ioning. 

Compared w i th  the lowermost spectra an 
increase in Med i terranean e lements can be 
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observed , a feature common i n  Greek d ia ­
grams. Today riverbanks are l ined with 
plane t rees, w i th  t he ir  fresh green and 
characterist ic bark ,  a s ight u n known d uring 
the t ime of zone I .  The same is true for t he 
wa lnut  wh ich nuts  are now a common loca l 
product .  

Dat ing of the d iagram wil l  be d iscussed i n  
chapter 2 . 5 .  T o  give a rough out l ine ,  lower 
samples date from 5000-6000 B . P .  ( Bottema 
in Creer et al., 1 98 1 ). 

During zone I -t ime p lant  cover around 
Lake Trikho n is was genera l ly Mediterranean 
vegetat ion .  Deciduous or semi-deciduous 
oaks were present i n  t he Arak inthos moun­
tai ns a nd the mounta ins  north of the lake .  
There also Carpinus orientalis or Ostrya car­
pinifolia and Corylus could be expected . 

Dur ing  s ubzone I b- t ime fa rming and 
grazing w i l l  have affected t he forest a nd 
provided open space for herbs. This is 
concluded from t he appeara nce or increase of 
a group of pollen types d i scussed in chapter 6 .  

At  t he beg inn ing of zone II a sudden change 
takes place. Pol len of farming ind icators 
suddenly decrease. M ed i terranean xerophytic 
elements demonstrate much lower values, 
whereas deciduous or semi-evergreen oaks 
ma rked ly increase ( t he deciduous oak pol len 
type inc ludes semi-evergreen species wh ich  
occur in  Southern G reece a s  wel l ) .  

At t he same t ime pol len of Juglans a nd 
Platanus appears ( the behaviour  of t hese two 
types. wi l l  be treated in  detai l  i n  chapter 5 ) .  

The level of  t h is palynological change i s  
vis ib le i n  t he sed iment w here a narrow band of 
volcan ic  a sh  i s  found ( fig. 2) .  A d iscuss ion of 
the age of zone 11, t he volcanic  band,  t he 
rad iocarbon dates and t he palaeobotanical 
resul ts  is presented in chapter 2 . 5 . 1 .  (see 
Bottema, 1 980 and Bottema i n  Creer et al., 
198 1 ) . 

After zone I I-t ime herb types i ncrease. 
From t he tree types on ly deciduous types 
demonstra te lower pol len values .  The o ther 
tree po l len  types remain  t he same or show a 
s l ight increase .  Changes i n  t he vegetation  
mus t  have taken  p lace i n  t he deciduous forest 
zone , where Quercus was common .  

Zone I I I  i s  of  relatively short duration and 
soon A P  percen tages start to  increase i n  the  
next  zone  IV .  Aga i n  some form of forest 
regenerat ion takes p lace that  comes to a 
defin i te end i n  uppermost zone V .  

puring zone V-time t he fina l  degradation  of 

t he deciduous oak forest sets in and t his 
process lasts up  to t he present (or sub-recent)  
t ime.  M ed i terranean xerophyt ic vegetat ion 
must have i ncreased e i ther absolutely or 
relatively. 

2 . 3 . Vegorit is  

2 .3 . 1 .  Geography, climate and vegetation 

Lake Vegorit i s  is s i t uated i n  Northern Greece 
(40° 45'N , 2 1 ° 45'E) at an elevat ion of about 
570 m above sea-level in t he mou nta ins west of 
the P la i n  of M acedonia  (fig. I). The lake 
forms part of t he c losed basin of Ptolemais.  
Only recent ly  a drainage channel  towards 
Edessa has been made .  

The Voras M ou nta ins  on  the west s ide  and 
t he Vermion M ounta ins  on  the east  s ide of the 
l ake are main ly composed of l i mestone. 
Towards Ptolemais in t he south a l luvia l  
depos i ts predominate .  

Detai l s  on  t he c l imate can be found i.a. in  
t he study of t he cores from Lake Kh imad i t i s  
( Bottema, 1 974) a t  about  20 km to  t he 
southwest. Accord i ng to Po lun in  ( 1 980) the 
a rea belongs to  the Central European region 
a s  to c l imat ical d iv is ion .  The average January 
temperature is between -5 and ('f C and t he 
average for J uly measures 20 to  25° C. 

As to  t he vegetat ion t he reader i s  a lso 
referred to  t he descript ion of the vegetat ion of 
t he Kh imad i t i s  area ( Bottema, 1 974) . At 
present t he vegetat ion a round the lake i s  very 
much degraded , main ly  due to overgrazing. 
On s lopes shiblyak-type shrub can be fou nd. 
Species observed north  of t he lake include: 
Quercus macedonica, Q. pubescens, Juniperus 
cf. oxycedrus, Carpinus orientalis, CQf'nus, 
Amygdalus, Secale montanum, Aegilops, 
Stipa, Bromus and about twenty other herb 
species . The Voras  and the Vermion M oun­
ta in s  have i n  some parts reasonably wel l  pre­
served sweet chestnut ,  beech and p ine forest .  

2 . 3 .2 .  The diagram Vegoritis 8 (f ig .  3)  
The d iagram prepared for t he Vegoritis 8 core 
is ca lculated o n  t he basis of a pol len  sum 
inc luding a l l  pol len types apart from those of 
marsh and  water plants .  

2 . 3 . 3 .  Zonation 

The Vegorit is  8 d iagram IS d ivided in to  two 
pol len  zones.  
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Zone Y ( spectra 1 -9) .  The boundary between 
t h is zone and t he next zone Z i s  laid w here a 
sharp decline i n  coniferous pollen can be 
observed . Zone Y is subd ivided in to subzone 
Y I ( spectra 1 --4) and subzone Y2 (spectra 
5-9). The d is t inct ive features of subzone Y I 
compared to Y2 a re 'very low values for Fagus 
and t he abse nce of cul ture i ndicators.  I n  
subzone Y 2  pollen of Cerealia-type , Cheno­
podiaceae, Artemisia, Sanguisorba minor/ 
Poterium and Polygonum aviculare-type is 
met wi th .  

Zone Z ( spectra 1 0-27) .  Characterist ics that  
lead to t he establish ing  of th is  zone are ,  apart 
from t he sharp decl ine of coni ferous pol len 
types , t he appeara nce or i ncrease of Juglans, 
Platanus, Vitis, Plantago lanceolata-type, 
Cereal ia-type, Gramineae, Rumex acetosa­
type, Polygonum aviculare-type and h igher 
values for Pteridium spores. The following 
subzones have been establ ished: Subzone Z l  
(spectra 1 0- 1 5) d i splays low A P  values. I n  
subzone Z2 (spectra 1 6-20) a n  i ncrease i n  t ree 
pollen is v is ible , i.a. caused by Pinus and 
Abies. D uring the next subzone Z3 , AP values 
a re agai n  lower. Whereas a decrease i n  
Quercus percentages can b e  seen ,  Juniperus 
demonstra tes a slight i ncrease . 

2 . 3 .4. General vegetation reconstruction 

The pollen curves obtained for t he Vegorit is 8 
core i nform us about the vegetat ion devel­
opment of the area around the lake for about 
t he last 6000 years (see chapter 2 . 5 . ) .  I nform­
at ion on the late Quaternary vegetat ion 
development of th i s  part  of  Greece can be ob­
tained from t he d iagrams from the lakes and 
marshes of nearby Kh imadit i s ,  Edessa and 
Kastoria ( Bottema, 1 974). 

D uring the t ime of zone Y I ,  forest was t he 
dominant  vegetat ion a round Lake Vegorit is .  
M ost of t h is forest was formed by pine and fir 
t hat probably grew on t he higher ground .  
Deciduous forest was dominated by  deci­
d uous oaks wi th an admixture of or iental 
hornbeam and/ or Ostrya carpin(folia, Ulmus, 
Tilia, Corylus and Carpinus betulus . Low 
herb  pollen percentages point  to  forest w i th  a 
generally closed canopy. 

Beech is present dur ing su bzone Y I -t ime i n  
very low numbers, t he pollen percentages 
measuring about 0 . 3-0 .8%. The change in t he 
Fagus pollen curve i n  spectrum 5 i s  one of t he 

a rguments for d ivid ing  th i s  zone in to two 
subzo nes .  The increase of beech pol len  is  
d a ted t o  3995±60 B . P .  (GrN-6596) i n  
Kh imad i t i s  I and 4080±55 B . P .  (GrN-6600) i n  
Kastoria .  Toge ther wi th  Fagus, pollen of 
herbs like Artemisia, Cereal ia-type, Liguli­
florae ,  Polygonum aviculare-type i ncrease. 
The i ncrease of Fagus i s  not res tricted 
to  t h is part of G reek Macedonia but is  also 
found southwest of t he P i nd us ( Bottema,  
1 974) and i n  Tenagi P h il ippon,  Eastern Mace­
d on ia (Tu rner & Greig, 1 975) .  I n  other parts 
of G reece, for i nstance Thessaly (Atha nasi­
adis ,  1 975; Bottema, 1 979),  Boeotia (Tu rner 
& Gre ig, 1 975) and A karnania ( th is paper),  
beech polle n  i s  hardly present  also after 4000 
B . P .  

I t  was stated previously ( Bottema, 1 974) 
t hat t he increase of Fagus pollen percentages 
pointed to an increase in precipi tat ion .  In the 
Vegori t is  d iagram this  hypothesis is  supported 
by a slight i ncrease in values of Ericaceae .  
This is  more clea rly seen i n  t he other d iagrams 
from M acedon ia .  It may sound plaus ible to 
connect an i ncrease of beech with an i ncrease 
i n  precipi tat ion .  At t he same t ime an  i ncrease 
in fa rming activity i s  concluded from t he 
pollen curves of a group of herb types. I s  t here 
a connect ion between i ncreas ing prec ip itat ion 
and i ncreasing farming activit ies? The ex­
planat ion of the pollen curves d iscussed here 
remains problematica l .  

The boundary between zones Y a n d  Z i s  
laid where a marked decrease i n  A P  values 
takes place, caused by a dec l ine of Pinus 
pollen percentages from 50% to less than 5%. 
Abies d isplays t he same tendency, about 20% 
at 340 cm and a complete absence at 300 cm. 

I t  took about 200 years (assuming a 
constant sed imentat ion  rate) for t he conifer  
forests to be dest royed . At the same t ime the 
herb types d iscussed i n  t he part on  zone Y2 
show an . important i ncrease.  Whereas t he 
conifers seem to have d isappeared from Greek 
Macedonia to  a large extent, some other t ree 
pollen taxa i ncrease. Did t hey only relat ively 
i n crease because coni fe rous  p o llen d is­
appeared , or  do  they represent an i ncrease 
in t he number of t rees? The i ncrease of 
Quel:cus coccifera-type and Olea seems to be 
connected wi th t he i ncrease of certa in  herb 
pollen types. Deciduous oaks and j uniper 
seem to p rofit from the decrease of the two 
coniferous types . 

Replacement of Pinus by Quercus i s  a very 
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common fea tur e  i n  Turkey (van Ze ist  et al., 
1 975). Cores from SagUt and Bey�eh i r  
demonstrate that  after t he destruction of p ine 
forest ,  abandoned a reas regenerated towards 
oak forest .  The i ncrease of Quel"CLIS pol len 
percentages can be e i t her  a relat ive increase ,  
caused by lowered con iferous values or  an 
increase caused by an  expans ion of oak 
i nvad ing  cleared areas .  The  i ncrease of 
Juniperus pol len po ints  to open vegetat ion .  
Light-demand i ng j un iper p rofits from forest 
clear ing fol lowed by ex tens ive grazi ng. 

The dominat ing t ree pol len types in t he 
Vegori t is  d iagram a re accompanied by other  
t ree types with much lower values ,  but wi th 
the same pa lyno logica l  behav iour .  The  
appea rance of Quercus cocci/era-type ( most 
l i kely represen t i ng Q. cocci/era as  Q. ilex i s  
restr icted to Eu-Med iterra nean cond i t ions)  
points  to  an  i ncrease in  xerophyt ic shrub 
developing from over-explo i ta t ion by grazing 
etc. Such pol len must  originate from relat ively 
fa r away south of t he Vermion M ou ntains as 
even today Quercus cocci/era does not occur 
in the  a rea . 

The same is t rue for Olea. The nearest ol ives 
occur in  smal l  numbers in t he foothi l l s  of t he 
Vermion M o unta ins  towards the  Pla in  of 
M acedon ia ,  where t hey seem to be restricted 
by the cold 'Vardar is '  w i nds .  H egi ( 1 926) sug­
gests the  4° January i so therm as t he l im i t  
for Olea. Lake  Vegor i t i s  has  a n  average 
Janua ry tempera ture of about 3° C, ca lculated 
after Ph i l ippson ( 1 948) .  It i s  very un l i kely that  
w inter tempera tures were h igher dur i ng zone 
Z I -t ime ,  as  t he upper spectra show about  t he 
same values for Olea a nd t hey represent the  
l i nk  w i th  t he modern cl imate .  The  Olea values 
toget her  with t hose of Quercus cocci/era must 
be a scribed to long-d is ta nce transport .  

The changing s i tuat ion a lso affected some 
t ree species that  grew in t he deciduous forest 
zone . I n  contrast  to t he increas ing oak pol len 
there is a gradual decrease of Ulmus, Tilia and 
Calpinus betulus which soon d isappeared 
from subzone Z I a l toge ther .  These t h ree 
pol len types are produced by species tha t  
form par t  of the d eciduous forest at  higher 
elevat ions .  They must have formed a small 
part of a mixed oak forest . Consider ing the 
pol len curve of Calpinus orientalis/ Ostrya, 
t here seems to  be n o  change .  Especial ly 
Calpinus orientalis wil l  have occurred i n  
combinat ion with for ins tance Quercus pu-

bescens at  lower eleva t ions .  This type does 
not  seem to be affected by the  events .  Calpi­
nus orientalis can wi thstand graz ing reason­
ably wel l  and rege nerates quickly (Turr i l l ,  
1 929) .  

The increase i n  herb pol len values i s  caused 
by types that  represent  d i fferen t  habi tats .  
Some of t hem point  to agricu l ture and/ or 
waste lands, others ind icate grazing. 

Not  much can be concluded from t he 
presence of the Gramineae pol le n .  They can 
be s trictly local ,  but i f  this is  the  case t he n  
generally t hey fluctuate more widely .  They 
may originate from the grazed a reas i n  t he 
mounta ins or from a rable fie lds  or fa l low land 
in  the valleys. In pract ice t hey origina te from 
various sources . The i ncrease in G ramineae is 
at least an i l lustrat ion  of t he landscape 
becoming more open .  

Some herb pol len  types i ncrease from o ne 
tenth of a percen t  to  a few percent .  These 
mostly belong to i nsect-po l l ina t ing taxa . This  
i s  an i ndicat ion of an increase in t he amount 
of open space . The i ncrease of Sparganium­
type is not  easi ly expla ined as it has  no clear 
connect ion  with the other pol len types d is­
cussed . There is  a lso no  para lle l  found i n  
the nearby K h imad i t is cores. 
In  the group of spores, Pteridium d raws 
at tent ion .  Soon after t he decrease of t he 
coniferous values,  Pleridium reaches values of 
up  to 20%. Bracken must have been growing 
on clea rances, includ ing places where p ine and 
fi r had d isappeared as was observed i n  h igher 
parts of the Pindus .  

The important change i n  the Vegori t i s  8 
d iagram that  leads to the d iv is ion into zones Y 
a nd Z is st ressed yet aga in by t he behaviour of 
the green a lgae Pediastrum boryanum and P. 
duplex. These a re fou nd i n  zone Y but a re 
a lmost completely lack ing i n  zone Z. The 
decrease may have been caused by a change in 
water depth, but a change of the mineral 
compos i t ion  of t he i nflux  of t he lake cannot 
be excluded . The increase in i ndeterm inata in  
t h is case does not po int  to corrosion as  t he 
preservat ion  of the pol len  gra ins  is good . The 
increase must be caused by a greater d ivers i ty 
resul t ing i n  more un ident ifiable gra i ns .  

I t  i s  of course not  impossible tha t  two 
factors, viz. a c l imatic change a nd human 
exploi ta t ion a re respons ible for the i mportan t  
changes i n  t he vegetat ion .  Could human 
exp lo i ta t ion  have  been in i t ia ted or t riggered 
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by a climatic change? I t  i s  suppose? t hat a t  t�e 
beg inn ing of subzone Y2 a n  Increase In 
precip i tat ion took place . The course of events 
t hat led to t he establ i sh ing of the zone Y j Z  
bounda ry wi ll be d iscussed i n  chapter 6 .  

S ubzone Z2 is a period dur ing which forest 
regenera ted t·o some ex tent .  A P percentages 
increase, t he group of possible ind icators of 
fa rm ing activity decrease. 

Forest from the mounta in belt regenerated 
but only slightly compared to the previous 
zone Y .  Compared with that  pcriod moun­
ta i n  forests are mai nly composed of beech 
and the number of p ine and fir trees must 
have been l ow .  A dec iduous species that  
wi ll have played a role i n  forests on h igher 
elevat ions is  the hornbeam .  Carpinus betulus 
has even the same values as it had duri ng zone 
Y .  

Dur ing subzone Z2 Platanus, t hat was st i l l  
rare during subzone ZI, beca me very well 
establ ished . The percentage of a bout 1 -20/£ 
po int  to a normal occurrence of the pla ne tr�e 
that  is u nder-represented i n  the pollen ra in  
( Bottema , 1 974).  For  a deta iled d iscussion see 
chapter 5 . 1 .  

During subzone Z3 man launched a new 
attack on  the vegeta t ion .  This was especia lly 
fe lt at lower e levat ions  where deciduous oaks 
suffered very much. Carpinus orientalis/ Ostrya 
pollen rema ined more or less at the same lev�l .  
M aybe i t  was t he oriental hornb�am that st l .ll survived grazing or even profited from It  
( Turr i l l ,  1 929) .  A n  i ncrease in grazing pressur e  
can also be concluded from the increas ing 
Juniperus values. 

When one considers t he t reeless, ba rren 
mountains of the present-day Vegorit isj Khimad­
itis area , the level of about 50% tree pollen 
found in the upper spect ra is  very h igh .  This 
pollen must origi nate from the relat ively few 
tree stands a nd scat tered trees which are found 
i n  t he a rea . The eros ion and overgrazing are 
respons ible for t he relat ively low pollen values 
of the herb species, t hat in  fact do not profit 
much from the available open space . 

When the same pollen sum is used for the 
samples of Kh imad i t i s  I l l ,  from the middle of 
that lake,  about t he same values a re found .  In 
the case of K h i mad it i s  I much lower A P  
values would result from such a calculat ion  
because of t he h igh loca l product ion of i .a. 
Gramineae which a lso played a part in  t he 
peat format ion .  

2 .4 .  Lake Volvi 

2.4. 1 .  Geography, climate and vegetation 

Lake Volvi is s i tuated i n  t he eastern part of 
Greek Maced onia (40° 45'N , 23° 30'E) ,  north 
of t he Chalk id ik i  pen insula (f ig .  I). The 
elevat ion is  about 1 00 m above sea-level .  Lake 
Volvi  l ies in  a valley t hat leads to t he east to 
t he G ulf of Orfanou .  The southern ridge ,  
mainly Tert iary conglomerates and crysta lline 
rock , measures 1 1 65 m in M ount  Kholomon.  
In  t he north t he valley is bordered by 
mountains i nclud ing M ou nt Kerdh i ll ion ( 1 092 
m) t ha t  mainly consists of crystalline rock .  

Precip i tat ion i n  t he Vo lv i  a rea is  about 500 
mm, of which about t he same amount fa lls I n  
winter a s  d ur i ng the summer ( Ph i l ippson, 
1 948; Po lun in ,  1 980) .  This  makes t he Volvi  
area even drier than Thessaly. The aver­
age Ja nuary tempera ture is  about (p C, the 
average for J uly measures over 25� C. The 
modern vegetat ion is  very much disturbed . 
Remnant s  show elements  of a s h iblya k 
(Turrill, 1 929) .  Paliurus spina-christi is .v�r� 
common. On ridges towards  the Chalk ld lk l  
peninsula , Quercus cocci/era shrub is found .  

I n  1 963 W. van Ze ist a n d  t he present author 
vis ited Lake Volvi but could not ca rry out a 
cori ng on the edges of t he lake. I n  a dense and 
h igh marsh  vegetat ion on  t he east s ide only 1 0  
c m  o f  clay was collect-::d before coarse sand 
was h i t .  

2 .4 .2 .  171e diagram Volvi 6 ( fig.  4 )  
From the cores the  one  w i th  code number 6 
was analysed . The pollen percentages for the 
va rious types have been calculated on the 
basis of a pol len sum that i ncludes al l  types 
apart· from t hose of aquat ics and marsh 
plants .  

2.4 . 3 .  Zonation 

The Volvi 6 d iagram is d ivided.i nto five pollen 
zones : 

Zone A (spectra 1 -5). Th is zone is defined by 
relat ively low A P  values .  Some herb types a re 
found i n  relat ively i mportant n umbers, name­
ly ·Artemisia, Plantago spec . ,  Humulus/ 
Cannabis, Cereal ia-type Sanguisorba mi­
nor/ Poterium, Rumex-acetosa-type, Rumex 
hydrolapathum-type and spores of Pteridium. 
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Of the  t rees Olea pollen IS very wel l  repre­
sented . 

Zone B (spectra 6- 1 1 ) . This  zone is charac­
terized by an i ncrease of t ree pol len ,  especial l y  
deciduous oak ,  Carpinus orientalis/ Ostrya, 
Pinus and  Fagus. Pollen percentages of Ouer­
cus cocci/era-type are decl i n ing. 

Zone C (spectra 1 2- 1 5) .  Herb pollen values, 
especial ly t hose of G ramineae show a clear 
i ncrease .  

Zone D (spectra 1 6- 1 8 ) .  Th i s  zone i s  
establ ished for t he same reasons as zone B .  

Zone E (spectra 1 9-23). AP values , especia l­
ly Quercus cerris-type demonstrate a pro­
nounced decrease. 

2.4.4.  General vegetation reconstruction 

The Volvi d iagram shows a series of stadia 
d uring which t he vegetation, especia l ly t he 
forest  vegetat ion ,  was a ffected by man ,  
whereas in  other episodes some regenerat ion 
took place.  

At t he beginning of t he d iagram, zone A­
time, human influence upon the vegetation in 
the h i lls around Lake Volvi i s  clear and indi­
cated by pollen of Vitis, Juglans, Platanus, 
Artemisia, Chenopod iaceae, various Plan­
tago types i ncluding lanceolata, Humulus/Can­
nabis, Cerea l ia-type, Rumex acetosa-type, 
Polygonum aviculare-type, Xanthium, Urtica 
and spores of Pteridium. Such i nfluence 
must date back from before zone A-ti me 
a lready, but there is no information from 
older deposits. 

The i nfluence of man during zone A-t ime 
must have been considerable . Maquis wi th 
Quercus cocci/era and Ericaceae was a l ready 
common. Relatively h igh percentages of Olea 
pollen point to olive yards.  Deciduous oaks 
and Carpinus orientalis/ Ostrya had suffered 
from cutt ing and/ or grazing and probably so 
had Pin us. I n  degraded a reas Juniperus must 
have spread as  is concluded from values of 
about 5%. Trees l ike Platanus and Juglans as 
wel l  as Vitis have been favoured by man.  The 
various herb types mentioned above for zone 
A poin t  to i ntens ive fa rmi ng .  

I n  t he fol lowing period ,  zone B-t ime,  t he 
vegetation i n  t he Lake Voivi a rea regenerated 
to some extent .  Deciduous elements increased 

aga i n  to dominate over M e d i terranea n 
xerophytic elements. Pinus and Fagus in­
creased, the latter on h igher elevations, 
further away. The i ncreasing shade caused 
Juniperus to retreat .  The role of Vitis and 
Juglans during zone B-time is less important 
than before and afterwards. An explanation 
for such a regenerat ion of natura l  vegetation 
wil l  be given in chapters 6 and 7 .  

For a comparison of the  Lake Volvi 
d iagram t he nearest palynological inform­
at ion are the d iagrams from the Plain of 
Macedonia and adjacent  mountains in the 
west  ( B ot t e m a ,  1 97 4) a n d  t he Te nag i  
Phi l ippon d iagrams ( W ij mstra, 1 969 ; Turner 
& G reig, 1 975) in  t he east. The study by 
Turner & Greig covers t he period present in 
t he Volvi core. Their study has t he advantage 
of t hree radiocarbon dates. Palynological 
comparison does not shed m uch l ight on the 
dat ing of t he Volvi d iagram.  I n  Turner & 
Greig's Tenagi Ph i l ippon d iagram the i ndi­
cator type Juglans is hard ly  present whereas 
Platanus is total ly absent .  

2 .5 .  The oat ing of  t he cores of  Trik honis, 
Vegori t is and Volvi 

2.5. 1 .  General 

Dating formed an  important part of t he study 
on t he geomagnetic variations i n  Greece by 
Creer et af. ( 1 98 1 ) . I n  add it ion to  dates 
obtained by comparison wi th  geomagnet ic 
studies mainly from t he U.K., radiocarbon 
dati ng was done on nearby cores in t he three 
lakes .  To supply more information on t he 
possible ages of t he sediments, the cores were 
studied palynologica l ly .  The dates obtained 
by t he t hree dat ing methods a re plotted in fig .  
5 .  

The radiocarbon dates, inferred dates from 
nearby cores, a re invariably too old compared 
wi th  the information obta ined from t he two 
other met hods .  Lack of organ ic material i n  
t he sedi ments a nd t he effects of hard water, 
common in G reek lakes with water supply 
from l imestone regions, may give u nreliable 
results .  

The palaeomagnet i c  dates  have bee n  
obtained by comparing w i t h  dated sequences 
from ' t he U . K .  and some information from 
Sout heastern E urope. Creer t hinks  t ha t  t he 
Greek records are not more than 1 50 years 
older t han t he corresponding features in the 
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Fig. 5. Palaeomagnet ic, palynological and ra diocarbon 
age-depth curves (after Creer et al. , 1 98 1 )  for the lakes of 
Vegori t is; Volvi  and Tri khon is .  

U . K .  record . The palynologica l dates are 
e i t her  i n  agreement wi th  the a rchaeomagnetic 
dates or  t hey a re older. Creer et al. ment ion 
sharp peaks i n  t he i ntensi ty and susceptibi l i ty 
logs for a l l  t hree lakes. They used one of t hese 
sharp peaks as a correlat ion  t ie-line . These t ie­
l i nes a re associated with a band of volcanic 
material .  Creer et al.  th ink t hat the erupt ion 
t hat caused t his volcanic band is  l ikely to be 
the A . D .  79 eruption of t he Somma-Vesuvius 
connected with Pompei i  and not t he Santor in i  
erupt ion  (dated 3370± lOO and 3527±44 B . P . ) .  
They concluded t h is on  t he basis of the 
pre l im inary t ime-depth curves and i.a. the 
prevai l i ng wind .  The present author ascribed 
t he volcan ic  band in t he Trikhonis  5 core to  
t he Santor in i  erupt ion  on t he basis of 
palynological evidence ( Bottema, 1 980) .  

The a rc haeomagnetic t ie-l i nes a re to  be 
found as follows : Vegoritis 8 at 270 cm; V olvi  
6 a t  550 cm; Trikhon is 5 a t  300 cm.  I t  can be 
read from t he d iagrams (figs . 2 ,  3 and 4) t ha t  
t he P/atanus and Jug/ans curves do not  start 
at the same t ime w i t h  regard to t he 
a rchaeomagnet ic t ie-li ne .  The appeara nce and 
spread of Platanus and Jug/ans is t hought to 
h ave happe ned a t  about  the same t ime i n  
G reece a round 3200 B . P .  ( Bottema, 1 974). 

I n  Vegori t i s  8 t he begi nn i ng of the P/atanus 
and Jug/ans curves can be dated about 3000 
B . P .  when t he magnet ic age-depth curve IS 
used . 

I n  Volvi 6 t he a rchaeomagnet ic t ie-l ine IS 

found a t  about  550 cm. As i n  Vegorit is  t he 
assumption t hat the  tie-l ine represents t he 
Pompeii  erupti o n  of A . D .  79 could be right .  
For  one metre of sediment pollen of Jug/ans 
and Platanus is a lready present and could 
even have been present below that level ,  but 
that  cannot be checked here.  

I n  Tr ikhonis ,  however, t he t ie-l ine almost 
completely synchronizes w i th  the i ncrease of 
Platanus and Jug/ans pollen curves. The 
a rchaeomagnetic choice would be A . D .  79, the 
palynological choice would be 3000-3200 B.  P.  

Two possibi l i t ies remai n ,  e i ther t he volcan ic 
ash layers a re not  from t he same erupt ion or 
t he appeara nce of Platanus a nd Jug/ans d id 
not  occur at the same t ime i n  mainland 
G reece . 

Palynological dat ing was done by com­
paring the three d iagrams with- other pollen 
d iagrams from the a rea wh ich were rad io­
carbon dated.  Such dates were obta ined 
mainly from peat and gyttja samples. The 
number of clea r palynological events in t he 
younger H olocene of G reece is very small and 
thus  possibi l i t ies for accurate dat ing are 
restricted . 

For the complete H olocene s ix pronounced 
palynological zones can be d is t inguished for 
t he a rea n orth-east of t he Pindus a nd five 
zones for t he E pirotic side of t hat mountain 
cha in .  From such evidence i t  is  concluded t hat 
t he three cores only cover part of t he 
H olocene from about 6000 B . P .  onward or as 
is the case i n  Lake Volvi even much later. 

The palynological ages of t he t hree cores 
have been d iscussed before ( Bottema i n  Creer 
et a/., 1 98 1 ) . I n  fig .  5 the est imated ages a re 
given .  The palynologica l a rgumentation is as 
follows: 

2 . 5 . 2 . Lake Vo/vi 

The o ldest part of t his core must be younger 
than 4000 B . P .  as  Fagus i s  a lready present i n  
t he lowermost spectrum.  I n  t he nearest s ite ,  
Tenagi Phi l ippon (Turner & Greig, 1 975) ,  a t  
about 80 k m  to  t he north-east ,  t he appearance 
of beech pollen is dated 4 1 93± 1 20 B . P .  
( BLN-955). The presence o f  Jug/ans at t hat 
lev�l i n  Lake Volv i  da tes t he sed iment even 
younger than 3000 B . P .  The rat her  h igh Olea 
values, found a t  400-600 cm, toget her w i th  
Cerealia percentages, may po in t  to the end  of 
t he 'Classica l '  period a nd the begin ning of 
t he ' Roman' period at about 200 B . C. 
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( A thanasiadis ,  1 975) .  N o  specific ind icat ions 
on t he basis of pol len behaviour for t he last 
2000 years in G reece are known at t he 
moment . For t hat rea son the changes in t he 
A P  / NA P  rat io  as suggested by At hanasiadis 
( 1 975)  have been used a s  a possible t ime-sca le .  
Thus,  t he decrease in tree pol len and the 
increase of Cerea l ia-type pol len a t  about  350 
cm may represent t he end of the Byzantine 
period and t he beginning of the Turkish 
occupat ion. The level of about 250 cm which 
demonstra tes again an increase of AP values 
may po int to t he return of Christ ian refugees. 
Accord ing to Athanasiad is ,  t he mountain 
forests regenerated to some extent when t he 
refugees retu rned to the low lands .  F inal ly ,  
t he level of 1 20 cm must  be younger t han c .  
250 yea rs as can be concluded from t he 
presence of Zea mays pol len. 

2 . 5 . 3 .  Lake Trikhonis 

The lower pa rt of core Tr5 must be da ted 
younger than 6500 B . P.  as is ind icated by the 
presence of Carpinus orientalis/ Ostrya. A 
compa rison wi th  two d i agrams from l oannina 
( Bottema, 1 974) , 1 80 km to the north ,  suggests 
an age be tween 5000-6000 B. P. based i.a. on 
the behaviour of the Cory/us curve. Fagus 
pol len cannot be used here for dat ing a s  the 
beech is and was ha rdly present in th is a rea . 
The level of 300-320 cm is da ted at 3 1 00-3300 
B . P .  accord ing to the curves of Jug/ami and 
P/atanus ( Bot tema, 1 974 ) .  The presence of 
Zea mays da tes the level of 1 1 0 cm younger 
than about 250 yea rs . The informat ion of th is  
d iagram wil l  not form part of t he d iscussion in 
t h is study as there is no agreement on t he 
dat ing. 

2 . 5 .4 .  Lake Vegoritis 

Diagrams from Khimad i t i s ,  Edessa and Kas­
t oria sit uated at  20, 1 5  and 50 km respect­
ively, are used to date the Vegorit is d iagram.  

The lowest sample must  be younger t han 
6500 B. P. as CGlpinus orienlalis/ Ostrya is 
a lready present . The Ostrya-type increase in 
Edessa is rad iocarbon-dated to 6385±55 
B . P .  ( G rN-6 1 86). Va lues of Ti/ia and V/mus 
suggest that the lowest part is not much 
younger than 6000 B. P.  

From 400-4 1 0 cm an increase of Fagus 
pollen percentages is vis ib le .  At K hi madi­
t is, th is  event i s  dated at  3995±60 B . P .  

(GrN-6596) and in Kastoria a t  4080±55 B .P .  
(GrN-6600) .  A date from Edessa of 5260 ± 65 
B . P .  ( G rN-6 1 85 )  fo r th is event may be 
unrel iable as a h iatus  occurs just above the 
locat ion of  the rad ioca rbon sample . 

The level of 300-340 cm s hows t he appear­
ance of walnut and plane t ree. According 
to  the dates of 3 1 35± 1 70 B .P. (GrN-6 1 82) 
and 3280±55 B . P .  (GrN-6 1 84) for two cores 
of nearby K himaditis, th i s  event must have 
taken p lace in Vegorit is about 3 1 00-3300 B .P .  

Fina lly, at 30 cm,  the sed iment must be 
younger than c .  250 B .  P .  as Zea mays was 
found there.  

3 .  TH E R E P R ES E NTAT I ON OF POLLEN 
TY PES IN  V A R I O U S  SOU RCES 

3 . 1 .  Some rema rks on the prac t ical l imi ts  of  
pol len ana lysis w i th  emphasis on the  
Greek s i tuat ion 

In the Balkans about 6500 seed plant species 
occur (Tun'i l l ,  1 929; Polunin, 1 980 ) .  That 
means that  the number of plant spec ies in 
Greece amounts to a few thousand at least . 

What is the pa lynological translat ion of  a 
few t housand G reek plant species'� From 
prac t ica l experience it is known that the 
number of pollen types ident ified with a l ight 
mic roscope is lower than the number of plant 
spec ies prod ucing such types. On many 
occasions pol len gra ins a re ident ified above 
the spec ies leve l .  

As an example the nu mber of  plant species 
from a plant-soc io logica l study of forest 
vege tations in Cent ra l and Sout hern Greece 
( Barbero & Quezel, 1 976) is  considered in 
terms of t he number of pol len types 
represented . Ba rbero and Quezel ment ion 479 
species .  A number of these species sha re the 
same pol len type, thus lowering the number of 
pol len types that  can be ident ified . Bes ides, 
the num ber of pollen types ident ified depends 
to a great extent on the technical expert ise of  
the pa lyno logis t .  H is knowledge and persona l 
l imits to absorb morphologica l characterist ics, 
the presence of a good reference col lect ion, 
ident ificat ion tables , key ca rd systems and 
picture col lections are also a decis ive factor.  

Tne present author was able to ident i fy 
about 200 pol len types in t he G reek sediments .  
Some types remained unidentified . These 
types were d iscussed with col leagues in the 
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department , but such d iscuss ion was never 
very fruitful as t he team members share more 
or less t he same knowledge. The ident ificat ion 
l imi ts make t he method not as accurate as one 
would l ike .  The d iversity of a pol len spectrum 
rema ins hidden when a la rge number of 
spec ies sha re · t he same pol len type. 

Under t he given cond it ions t he p resent 
author would recognize 1 25 pollen types in 
Barbero and Queze l's 479 plant species. Such 
types represent .taxa, varying from species to 
family leve l .  

In the  pol len d iagrams of Vegorit i s ,  Tri­
khonis and Volvi (chapter 2) a fract ion of 
t he 1 25 pol len types from Barbero and 
Quezel's l ist  were found . Compared wi th  t he 
1 25 pol len types recognizable in t he p lant­
sociological relevee-l ist ,  only 70 types were 
found in t he samples of Lake Vegori t is .  For 
Lake Trikhonis and Lake Volvi  t hese numbers 
are 7 1  and 5 1 ,  respect ively.  

Another source of information on t he 
d iversity is a series of surface-sample spectra 
from N o rt h wes tern and Cent ral G reece 
( Bottema, 1 974) . The 1 1 0 surface samples 
have 73 pol len types in common wi th  the 1 25 
derived from the l ist  of Ba rbero and Quezel .  
Th is number is of t he same order as the 
number of types found in the sed iments of the 
t hree lakes .  I t  should be stressed t hat t he 
qualitat ive aspect ,  viz. t he number of pol len 
types from three completely d ifferent sources 
is d iscussed here. First, a p lant-socio logical 
relevee-l ist of  479 names of species of which 
the palynologist ma inta ins t hat he could 
group 1 25 pol len types represent ing these 479 
p lant spec ies. Then, 1 52 pol len types ident ified 
in sed iment samples, giving an idea about the 
pollen rain produced by past vegetations . 
Finally, the modern pollen precipitat ion from 
a la rge part of G reece derived from samples 
taken from amidst t he vegetat ion and del i­
vering 1 44 pollen types , as  far as the palyno­
l ogist was able to identi fy .  

As mentioned above the t h ree sources do  
share a number of types, but t here a re a l so  
types wh ich  a re characterist ic for a specia l  
source only. Slight ly more t han 70 pol len 
types from lake sediment samples do not have 
counterparts in  t he re levees of Barbero and 
Quezel and this also holds  for the G reek 
surface samples.  In fig. 6 t he p resence of 
po llen types in  t he t hree sources i s  s hown 
schematical ly .  It can be seen t hat t here is a lso 
a d ifference between subfossi l  and surface 
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Fig. 6. Number of p ollen types i n  three sources of origin .  
I .  A series of plant re  levees studied b y  Barbero & Quezel 
( 1 976), 2. The lakes of Vegoritis, Volvi  and Tri khonis,  3. 
1 1 0 G reek surface samples. 

samples, 36 types found in t he former 
category not being present in the latter, whereas 
3 1  types in th i s  latter category were not met 
w i th  in t he subfossil samples. The d ifference in 
composit ion of the t h ree sources has  several 
causes.  The re levee-li s t  gives exclusively 
forest species, t ranslated into pollen types. 
The relevee-l is t  includes for instance insect­
pol l inated species which po llen types were 
never met wi th  in subfossi l  or modern surface 
samples. The l ake-sediment samples represent 
the pol len p recipi tat ion from a large a rea as  
wel l  as  l ocal  water p lants .  In  contrast surface 
samples catch a lo t  of l ocal pollen but 
generally no water p lants .  

Conservation of pollen grains in surface 
samples is never as good as t ha t  from 
sed iments cored in the centre of a lake or 
a marsh t hat never d ried up during the 
accumulat ion of organic materia l .  On t he 
other  h and , surface-samp le spectra are 
genera l ly  accompanied by a vege ta t ion 
descript ion t hat can be of important help in 
t he identificat ion of l it t le known po llen grains. 

Final ly  modern i mports a re found hardly or 
not at all in  subfossi l  samples whereas in 
surface samples t hey may s how up.  

3 . 2. Orig in of po llen 

Above it i s  explained that  d ifferences in 
composi t ion . exist  between t he pollen types 
derived from a series of p lant-sociological 
relevees, subfoss i l  po l len spectra or  modern 
surface-sample pol len spectra. Any specific 
source includes or excludes certain pollen 
types . 

I n  the  fol lowing, t hree clearly defined 
groups a re brought forward . The t hird group 
includes t he crops and weeds t ha t  wi l l  form 
part of t he t heme of th is  study. 

Pollen derived from long-distance transport 
( I) . .  The po l len types derived from Barbero 
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and Quezel's relevee list represen t  herb or t ree 
species mentioned for t he various locat ions 
and l isted i n  t he relevees. I n  su bfoss i l  sed iment  
samples and surface-sample spectra, po l len  
from local and more d istant sources i s  present .  
Pol len of Betula a nd Picea i s  fou nd wi th  
about  t he same values in  t he modern pol len 
ra in  i n  G reece as  in subfossil samples .  Apart 
from occurrence of Picea abies in t he Greek 
R hodope M ou ntains (Zoller et al., 1 977) t here 
a re a lso  few ind icati o ns that  Betula occurs i n  
Greece (Tut in  e t  al., 1 964) . Generally, pol len 
finds of Picea and Betula must be ascribed to 
long-distance transport. 

Pollen derived from water and marsh plants 
( l l) .  I t  is self-evident that  t his group  of po l len  
types is very wel l  represented i n  samples from 
lake sedi ments and a bsent  from relevee-lists 
from forests .  I n  surface samples this group  is 
rare and h ighly dependent upon t he select ion 
of  t he s urface-sample  l oca l i ty w hich  i s  
preferably i n  or near undisturbed forest .  

Pollen derived from crop or  weed plants ( I l l ) .  
To study possible indicators of  prehistoric 
farming, taxonomica lly narrow groups, prefer­
ably species, have to be traced . It is  clear 
t hat such species, a nd pol len  derived from 
t hem, d o  n o t  occu r  i n  t h e  relevee- l i s t s  
compiled by Barbero and Quezel, that repre­
sent natura l  or fair ly natura l  forest . 

The last category, of crop and weed plants,  
has been looked a t  more closely. I t  is assumed 
that  forest relevees do  not i nclude crop and 
weed species. I f  pol len originat ing from long­
d istance transport and pol len types from 
water and marsh plants a re excluded , a group 
of pol len types remains that  is ascribed to t he 
last category. These po l len  types, present  i n  a l l  
three l ake sed i ments a nd in  the surface 
samples but not i n  t he forest relevees, are 
shown i n  table I .  

The method fol lowed above clearly misses 
one group of plants or, as the case may 
be, pollen types. These are anthropogenic 
elements t ha t  escaped to  or  were brought to  
forest .  Thus Barbero and  Quezel l isted some 
species in t heir  re levees t ha t  in fact a re 
e lemen ts of t he forest a t  t he presen t  t ime, but  
that were origi nal ly absent  from Greece . 

From t he ' palynological evidence Juglans, 
Platanus and Castanea a l l  appear about 3000 
B . P .  As possible i nd icators of human activity 

Table 1 .  Category HI pollen types, found in a series of Greek 
surface samples and three Holocene lake sediments. Plant 
species representing these pollen types were not present in a 
relevee-list compiled by Barbero & Quezel (1 976). 
Present in four sources 
(surface samples and three 
lake cores) 

Artemisia 
Asphodelus 
Centaurea cyanus-type 
Centaurea solstitialis-type 
Cerealia-type 
Chenopodiaceae 
Delphinium-type 
Aumulus/Cannabis 
Papaver 
Plantago lanceolata-type 
Plantago coronopus-type 
Plantago maritima-type 
Plantago media-type 
Polygonum aviculare-type 
Polyg(;mum hydrolapathum-type 
Vitis 
Xanthium 
Zea mays 

Present in three sources 
(either lakes or surface 
samples) 

Aq uilegia-ty pe 
Centaurea scabiosa-type 
Echium-type 
Heliotropium 
Nigella 
Plantago major-type 
Solanum nigrum 
Spergula(ria)-type 
Urtica 
Urtica pilulifera 

t hey a re i ncluded wi th  t he group of crop and 
weed plants .  A n  advantage w i th  t hese t hree 
types is t ha t  i n  t he Med i terranean no relat ives 
w i th  t he same pol len type occur .  

This selected group of pol len types, as  far as 
a more or  less c losed curve is  present, is 
dep icted in a scheme ( fig. 22) .  The presence of 
t he pol len types is given schematically i n  
percentages for t he last 1 1 ,000 years. A curve 
of G ramineae is added, demonstrat ing open 
landscape versus forest .  This group of pollen 
types wil l  be treated in chapter 6 .  

4 .  D I V E RS I TY OF P O LL E N  
ASSEM B L A G ES COM P A R ED W ITH 
D I V E R S ITY OF V E G ETATION 

4 .  I .  General 

I n  t he d iscussion  of po l len d iagrams or 
palynologica l information that  is  presented i n  
some other way, the pol len types found are 
d i scussed for instance according to t he i r  
m utual  relat ions i n  t he form of percentages. 
D iversity of assemblages is seldom a matter 
for d iscuss ion .  

In  th is  study d iversity s imply  means :  t he 
number of pollen types identified in  a sample 
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ar the number af plant species ident ified i n  
a r�levee . Diversity a s  an  aspect af p lanteca­
l aglcal stud ies i s  a mare camplex phena­
menan than in  the sense in  wh ich th is term 
is  used here (Odum, 1 969) . 

I t  is widely knawn that  a natural  c lased 
farest is less · d iverse than a farest i� which 
cleari ngs a re made. When apenings a re made 
caus�d by waad cut t ing ar far farming ar 
grazmg, pass ib i l i t ies are created far new 
spec ies t hat d id nat accur ar were sca rce in  t he 
farest befare.  A n  i mpartant element t ha t  i s  
added by apening  up  farest is penetrat ian af  
l igh t .  

Ta wha t  extent a re t hese changes i n  t he  fie ld 
vis ible i n  t he p al len ra i n? When t he at tack 
���n t he . natura l  vegetat ian praceeds,  an  
ml t la l  enrichment i n  species is later fa l lawed 
by d.egradat ian ,  a lawering af t he number af 
species. F arested si  apes a re fi rst apened t hen 
defa.rested , g�azed, avergrazed , denuded by 
erasIOn and fmal ly a nly a l imi ted n umber af 
u npalatable ar  prickly herbs i s  left . 

At a certa in  s tage t he number af pal len 
types, the d ivers i ty,  wi l l  be maxima l .  The 
caurse af t he d iversity in  t ime can be 
campared wi th  t he d ivers ity af  a regenerat ing 
farest an  abandaned fa rmland as described by 
Odum ( l ?69) .  There the number af species is 
l ?w at first ,  t hen s tead i ly i ncreas ing unt i l  
fmal ly,  t?wards a m are stable s i tuat ian ,  aga in  
l awer d iversity is faund . In  t he sit uat i a n  
d iscussed far Greece t h e  arder af events d iffers 
fram rege�erat ian as described by Odum,  but 
the trend IS t he same. 

As to. t he arigin af t he d ivers ity i n  a pal len 
spectrum t he fal lawing shauld be remarked . 
The qual i tat ive campasi t ian af a pal len 
spect�um daes nat anly depend upan the lacal 
S i tuat IOn ,  as far instance pal len ariginat ing 
fram lang-.d istance transpart may be present .  
I nsect-pa l l i nated t rees and herbs are i n  
pract ice nat  w idely d ispersed and thus  u nder­
represe�ted . There wi l l  be pract ica l and 
thearet lca l  botanical aspects af th i s  appraach 
but t he quest IOn asked here is rather s imple ;  
a re t here clea r changes i n  t he number af 
P?l len. types in  t ime, viz. i n  palynalagical 
d l�efS l ty? �a n  we campare pal len spect ra i n  
th iS  way, wlthaut  met iculaus carrect ians etc . ?  
Ta get a n  idea af  t he d ivers i ty as it is del imited 
here, the n umber af pal len types is caunted far 
t he ?epth af the samples nnd thus in relat i a n  
to. t ime .  

4. 2 .  Divers ity versus pal len sum and arigin 
af samples 

I f  t he vegetat ian were to. remain canstant aver 
a lang periad af t ime,  the number af pa l len 
types . ident ified would mostly depend upan 
the s ize af  t he pal len sum.  The larger t he 
pal len sum t he mare pal len types a re fau nd .  
H awever, after t he pal len sum has reached 
certain !evels t he number af types wil l hardly 
ar nat mcrease a ny mare. 

On� cauld avaid t he first prablem by 
countmg a canstant number  af pallen gra ins 
a nd t hen study t he d ivers i ty af the spectra . 
There a re practical d ifficult ies invalved i n  
c ? u �t i np a c a n s t a n t  p a l l e n  s u m . The  
d is tribut IOn  af t he pa l len gra ins u nder t he 
caverglass af t he caunt ing sl ide is nat even .  I n  
general smal l  g�a i ns mave to.  the edges mare 
t ha n  la rge grams .  I n  p reparing a caunt ing 
s l ide pressure i s  aften exerted upan the caver­
glass to. spread the l iqu id (far  i nstance si l icane 
ail) in wh ich the sample is embedded and 
th is  wi l l  a l ter  an  even d istr ibut i an .  Such 
�xperience is a warning nat to. stap at far 
mstance 500 caunted gra ins but to. count t he 
complete. s l ide . � i t h  caunted grains t he 
number . mcluded m t he pa l len sum is meant .  
Thearet lcally ane cau ld  caunt ha lf a s l ide but 
this  half  wil l  also. rarely cantain 500 grains .  
When passible a pa l len sum af abaut 1 000 ar 
mare is counted in a ur studies. 

It is stated that t he pollen sum includes 
an l� a certa i n  number af  types : t hase types 
derived fram t he upland vegeta t ian .  Lacal 
water and marsh plants wauld i nfluence and 
? isturb t�e p icture very much if t hey were 
mcluded m the sum, especia l ly  because t hey 
can and aften do. fl uctuate independent ly 
af t he pallen praduct lOn  af t he regianal 
vegetat ian .  S uch water and marsh p lants do. 
nat  farm a . pra�l�m when  t hey have pal len 
t hat can be. Id�nt lfled easi ly .  When t hey share 
t he typ.e w I�h p !ant  species fram the upland 
vegetat IOn I t  wi l l  be very d ifficult  to.  trace 
t h is effect . Lacal i n fluences upan a pal len 
spectrum can be �vaided a t  least to. a large 
extent by the chOice af t he sed i ment .  Cares 
fram the m.iddle af deeper lakes are very 
gaad far th iS  purpase as t hey reduce the 
quant itat ive effect af large numbers af  lacal 
pal len. grains .  Nevert heless, in t he case af 
Grar:'meae and Cyperaceae, far i nstance,  t he 
qual i tat ive effect remains .  

Campared with surface-sample spectra it 
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must be said t ha t  t his last group cannot  escape 
local i nfluence d ue to t he manner of sampling 
moss cushions, often in t he midd le of  t he 
vegetation .  I n  such samples t he ident ifiabi l i ty 
of t he pol len types is i ncreased by t he 
descrip t ion  of t he vegetat ion surroun d i ng the  
s a m p l e  l o c a t i o n  a n d  l owered  d ue t o  
corrosion of t he po l len  by exposure t o  
oxygen ,  a process t ha t  would n o t  occur u nder 
water. 

Deta i led vegetat ion descript ion is of  great 
help with the identificat ion  of rare or cons­
picuous pollen types . The mid d le of a lake 
lacks th is helpful  detai l  and such pollen types 
found there are often i ncluded in  a larger 
taxon.  

Such factors i ncrease or decrease t he 
number of ident ifiable pol len types i n  t he 
cou nts but  t hey do  not  change the rea l  number 
of pol len types or t he vegetation that produces 
them. The method fol lowed thus has its l imits 
in  considering t he d ivers ity in pol len types and 
hr n�e the d iversity of t he vegetat ion translated 
from t hese pol len types. 

4.3. The d ivers i ty of pol len spectra 
compared to  the d iversity of t he 
vegetat ion:  A n  example 

Is t here a ny relat ion between t he qual i tat ive 
aspect- pol len types- an d  vegetat ion type? A 
short series of surface-sample spectra from a 
s tudy  o n  t he re la t i o n  between modern  
vegetat ion and po l l en  precipitat ion i s  ver) 
i l lustrative ( Bottema, 1 974).  When col lect ing 
surface samples it is often very d ifficult to  find  
suitable transects present ing we l l  preserved 
vegetations wi th  c lea r gradients or zonations .  
A short t ransect from t he Pindus M ountains 
nea r Metsovon is very useful i n  th is  respect as 
i t  fu lfils t he cond i t ions ment ioned above ( fig. 
7 ) .  

Near  M etsovon o ne fi nds a t  h igh a l t i tude  a 
montane forest .  At  t he lower edge of this  zone 
t he forest has been cut down and meadows 
have been developed that a re maintained by 
grazing.  These meadows a re part ly covered 
wit h bracken (Pferidium aquilinum) especial ly 
with increasing elevat ion towards  t he forest .  
When one cl imbs t he mountain t he lower 
forest zone is formed by Abies cephalonica . 
At h igher e levat ions Fagus sy/vafica appears 
a nd soon a lmost pure beech forest is found 
wit h some occasional fi r seed l i ngs. 

Summarizing, pol len spectra a re avai lable 

1000 15 100 

1500 65 15 

1000 55 50 

METSOVON 

• 
!I I \ I \ I \ 

I \ 
- - - - f - -­

I 
I 

" I " I 
" 

500 \5 15 - - - - - - - - -

---- A P %  
. . . . . . .. . . . . .  numbr. ol pollfn lJPts 

-- poHrnsum 

Fig. 7.  Number of pol len types 
per sa mple, pollen sum and 
A P/ N A P  rat i o  in  a short surface­
sa mple transect near Metsovon 

o 35 0 • ( Pind us). 

from five locations taken from various levels 
(fig. 7 ): 

I .  Cult iva ted a rea wi th  o rcha rds  down in 
t he valley; 

2 .  H erb-rich meadows wit h bracken and 
forest a t  some d istance ;  

3 .  Boundary of meadow and fi r forest ;  
4 .  Wi th in  fir/ beech forest ;  
5 .  Within beech forest (some fir seed l i ngs). 
In fig .  7 the number of pol len types per 

surface sample, t he pol len sum of t hese 
samples, and the A P / N A P  ra tio a re shown. 
The pol len sum of t hese five samples varies 
from c. 700 to 1 800. The number of ident ified 
pollen types amou nts to 5 1  for t he cult ivated 
a rea ; 49 for the meadow with bracken;  42 for 
t he boundary of meadow and forest ;  20 for 
both t he forest samples. It should be st ressed 
t hat in t he spectra wi th  the lowest number of 
pollen types, the pol len sum is twice that of 
t he spectrum with t he highest number of 
pol len types. 

The d ifference in t he number of pollen types 
is caused by the fact t hat t he open vegetations 
a re not represented palynological ly in  t he 
fores,t whereas t he trees do  precipitate " t he i r  
pol len in  t he open fie lds .  I t  i s  not  necessa rily 
t he case t ha t  t he meadow vegetat ion  is so 
much more d iverse in  plant species. The dense 
forest is s imply less d iverse t ha n  the same 
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Fig. 8. N umber of pol len  types, pol len sum a nd A P / N A P  ra t io in a long surface-sample transect through the G reek 
mainland . 

forest i n  wh ich cleari ngs a re made . It is clear 
that t he transit ion ,  forest to  open fie ld , is 
characterized by an increase in ident ified 
pol len types. 

The number of pol len types is not only 
correlated negat ively wi th t he degree of 
forestat ion ,  it is also correlated with t he 
A P  / NA P  rat io .  This  is qui te  logica l as t here 
wi l l  normally be a relat ion between t he degree 
of forestat ion and t he A P  values. 

The M etsovon example is quite clear as to 
t he d ivers ity aspect but other su rface-sample 
transects show t hat  t he usefu lness of t h is 
method is open to some d oubt .  

When a long transect t hrough the G reek 
ma in land is considered ( fig.  8), it can be seen 
tha t  in some spectra t he number of pol len 
types is st i l l  correlated posit ively wi th  t he s ize 
of t he pol len  sum.  Unfortunately, botanical  
d ivers i ty is not known for many surface­
sample locat ions as not a l l  plants were 
ident ified at a l l  locat ions .  I n  fig .  8 a lso t he 
A P  / NA P  rat io  is given .  A lso here th is rat io  i s  
correlated negat ively with t he number of 
pol len types, t hus w i th  d iversity .  The lower 
the A P  percentages are ,  t he more pollen types 

a re ident ified ; a rise in A P  percentages is 
paral le led by lowered d ivers i ty  in a n y  
part icular spectrum. 

As the A P / N A P  rat io  is genera lly given in  
the k ind of pol len d iagrams shown here, 
count ing of t he numbers of pol len  types may 
not even be necessary. When i t  is postulated 
that  ea rly fa rmers made c learings in a natura l  
forest and thus  promoted d ivers ity, i t  would 
be poss ible t heoretically to demonstrate th is  
cut t ing activity etc. by count i ng the number of 
pol len types. Does t he information support 
t he idea that one m ight just as  wel l  fol low the 
AP/ N A P  rat io to  get informat ion on d ivers i ty 
and thus possibly find i nd icat ions of human 
act ivity? 

In fig. 8 i t  can be read tha t  th is  idea holds 
for some s i tuat ions but fa i ls  i n  others. When 
t he course of t he AP / N A P  rat io is compared 
wi th  notes o n  the basis of fig. 8 t hat roughly 
i nd icate the state of  the vegetat ion,  d i s­
crepancies show u p .  Cult ivated areas may 
have the same h igh A P  value as nearby forests 
whereas sometimes also t he reverse can be 
found .  

I n  figs. 9 ,  1 0  and 1 1  from t he lakes 
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Fig. 9. Number of pollen types, pol len 
sum a nd A Pj N A P  rat io  of the Lake 
Vegorit is d iagram .  

Fig. 1 0 .  Nu mber o f  pol len types, 
pollen sum and A Pj N A P  ra t io of t he 
La ke Trikhonis d iagram.  

Vegorit i s ,  Trikhon i s  and Volvi ,  the number of 
pollen types, t he AP / N A P  ratio and t he 
pol len sum are p lotted agai nst depth and thus  
against  t ime.  In  t hese t h ree curves from t ime 
to t ime a pos i tive rela t ion of t he pollen types 
with the pollen sum can be seen .  Especial ly in  

the  younger part of the t hree figures, however, 
t he number of pol len types i s  i ncreasing 
whereas po llen sums are reasonably constant .  

Does t he curve of t he n umber of  pol len 
types ( t he d iversity) demonstrate a behaviour 
that  fit s  into t he conclus ions from t he pol len 
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curves as  t hey a re explai ned i n  chapter 2? I s  
t here some connect i on  w i th  t he (pre)h istorical 
events? 

Some remarks on  t he h is tory of man i n  
Greece a re made i n  chapter 7 .  H uman impact 
upon t he vegetat ion i s  shown sche,matical ly in 
fig. 23 .  On t he basis of t he course of the 
A P / N A P  rat io and t he grouping of t he types 
from category I I I  an at tempt is made to  
demonstrate anthropogenic  pressure upon t he 
vegetat ion ( fig .  22) .  

4 .4 .  D iversity of subfoss i l  assemblages 

4 .4 .  I .  Lake Vegoritis 

The lower part of t he Vegori t is d iagram 
demonst rates l i t t le i nfluence of man upon t he 
vegetat ion ( fig .  3 ) .  At t he same t ime t he 
d ivers ity is low, measuring between 33 and 55 
pol len types, averaging 42 types (fig.  9) .  
Arou nd 3 1 00 B . P .  (accord ing to  u ncal ibrated 
rad ioca rbo n  dates) t he impact of man upon 
t he vegetat ion rapidly increased , as  d id  a l so  
t he d iversity .  D uring t he steady dec l ine  of the 
A P  / NA P  rat io ,  d ivers i ty numbers range from 
47 to 59, averaging 52 types. 

After t h is p hase ( subzone 1 1- 1 ,  fig. 3) t he 
remain ing period shows fluctuat i ng curves 
demonstra t i ng a negat ive corre lat ion between 

: � 

.... . . . . < 

t he A P / N A P  rat io and d iversity/ number of 
pol len types. The s ize of t he pol len sum is  
fa irly constan t .  

4 .4 .2 .  Lake Trikhonis 

I n  fig .  1 0  it ca n be seen that  the d ivers i ty curve 
does not corre late so  negat ively with  t he 
A P  / N A P  rat io as  is fou nd in Lake Vegorit is .  
Maximum d ivers ity is found i n  t he lower part 
of t he core up  to  about 360 cm al t hough here 
in i t ia lly it is low. The number of pol len types 
in t he lower spectra is 42 min imally and 74 
maximal ly wi th  an average of 55 types. 
D ivers ity has dropped during zone 1 1  ( fig. 2) 
where t he volcan ic ash layer is found . Dur i ng 
t hose five spectra average d iversity is 48.  The 
AP percentages have i ncreased d ur ing  th i s  
part of t he d iagram .  

From zone 1 1  on ,  above 200 cm a constant 
increase of t he d iversi ty is visible .  The average 
value compared to t he lower part, below 340 
cm,  is 54. The averages of t he various zones do 
not  d iffer but t he course of t he curves does. I n  
t he lower part important fluctuations are not 
always found to  coincide wi th  AP values, 
w hereas in the u pper part a regu lar ly  
increasing curve can be  seen ,  clearl y  l i nked 
with t he A P  / N A P  rat io .  I n  t he lower part 
d ivers i ty shows maxima where A P  values are 
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low.  Such maxima of 65 types and more do 
not  occur i n  t he upper part .  A possible 
explanat ion for this behaviour (see fig .  1 0) is 
t hat dur ing t he time t ha t  the lower part was 
deposited more natural elements were s t i l l  
present i n  a vegetat ion t hat was a l ready 
strongly i nfluenced by man .  

At t he end o f  zone I d ivers ity i n  t he a rea 
d ropped because of t he format ion of relat ive­
ly monotonous oak forest (deciduous/ semi­
evergreen) . I n  the course of t ime th is  
type of forest was replaced by maquis ,  and 
thus t he d iversi ty of the  vegetat ion had aga i n  
increased . 

4 .4 .3 .  Lake Vo/vi 

The general t rend in fig .  I 1  is t hat t he d iversity 
curve correlates, as  is fou nd above, negat ively 
wi th  t he A P / N A P  rat io .  On ly a spectrum at 
420 cm is an except ion to th is  trend, wi th  a 
pollen sum that  is twice as high as in  t he other 
spectra. The lower part ( zone A-B) averages 
45 types ( m i n .  35 ,  max.  55) ;  t he upper part 
( zone C-E) averages 52 types (min .  47, max.  
59) .  Al though two main zones a re established 
some short periods can be observed . These 
short fluctuations a re mainly caused by 
changes in the balance between Medi­
terranean maquis a nd Central  European fores t 
from higher e levat ions around Lake Volv i . 
During zone E the d ivers ity decreases al­
t h o ugh the  forest d oes not show a n  
expansion in  t he form o f  h igher A P  values . I t  
i s  possible t ha t  in  th is case t he vegetat ion was 
d is tur bed to such an  extent t hat ba rren h i l ls ,  
l ike  t hose we see nowadays, had developed , 
with a n  accompanying loss i n  d ivers ity .  

4 .4 .4 .  Conclusion 

The t ranslat ion of t he number of pollen types 
in terms of d ivers i ty seems reasonable.  The 
practical use of t h is feature is, however, 
l imi ted . D ivers ity often turns out to correlate 
with t he AP percentages . Thus i t  is easier to 
read the AP curve, that  is  usual ly ava i lable .  
No sharp decl ine i n  d ivers i ty could be t raced 
for those periods dur ing which vegetat ion had 
a lmost d isappea red , a widespread occurrence 
in many pa rts of G reece . 

5. D I S C U SS I ON O F  S O M E S ELECTED 
TY P ES 

The d iscuss ion of P/atanus, Jug/ans, Vitis and 

a group of weeds is based o n  i nformation 
from various sources ( Athanasiadis,  1 975;  
Turner & Greig, 1 975 ;  Bottema , 1 974; 1 979; 
1 980; Fi l ipovitch, 1 977 ;  W ijmstra,  1 969) .  

I n  t he study presented here t he reader is 
referred to figs. 1 2-2 1 which give a select ion of 
pollen curves relevant to t his matter. 

5 . 1 .  P/atanus and Juglans 

I n  th is  chapter attent ion is devoted to these 
two species which develop para l le l  pol len 
curves in t he younger part of the H olocene 
( figs. 1 2-2 1 ) . 

I t  is a matter of speculat ion as to  w here 
plane t ree and walnut  original ly grew at  t he 
end of t he last Ice Age .  There a re no 
i nd ications t hat t here were refugia in G reece 
and there a re no i ndicat ions that  t hese trees 
were found anywhere in G reece before 3500 
B . P .  This could mean that plane t ree and 
walnut were extremely rare in G reece and t he 
find of some stray pollen gra ins of Pia/anus i n  
G reece should b e  mentioned . These grains 
could, however, be due to  long-d istance 
t ra nsport .  Pia/anus pol len could have been 
i ncorrectly ident ified , but in t he case of t he 
easily ident ifiable pol len of Juglans t his is out 
of t he quest ion .  

A pol len  d iagram from former Lake Xin ias 
( Bottema, 1 979) on  t he southern edge of the 
Thessal ian plain shows the presence of some 
Platanus pol len grains in  sed iments dat ing 
back to  t he first half of t he H olocene .  The 
poss ib i l ity cannot be excluded tha t  P/atanus 
occurred i n  a few local i t ies i n  Thessaly d ur­
ing that t ime .  If Platanus d id occur before 
the  fourth m il lennium, it must have been ex­
t remely rare . 

If bot h species did n ot occur i n  G reece , 
when d id t hey appea r i n  G reece a nd how? 
Were they imported by prehistoric man or d id 
t hey spread over t he Ba lkans at a t ime when 
suitable condit ions had developed , or was it a 
combinat ion of such factors? There a re no  
ind icat ions that  t hese species came v ia  Thrace . 
Was there any reason for prehistoric man 
to import both species? One can eas i ly  
understand that plant ing Jug/ans was ad­
vantageous for man .  Furthermore Juglans 
a nd Pia/anus have one str ik ing point  i n  
common that may l i nk  t he i r  h istory .  Both t ree 
species favour riversides ( H egi ,  1 957) .  D id t he 
available b iotope, in  t h is ca se riverine forests ,  
drast ical ly i ncrease? Did t he newcomers s imply 
replace riverine species t hat were there before 
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Fig. 12. Select ion of pol len curves from t he Lake Volvi  diagram i nd icat i ng antropogenic activity. 

them and that had a weak competit ive 
pos i t ion? 

I n  many G reek d iagrams, especial ly from 
Maced onia but a lso from the Epirot ic side of 
t he Pindus nea r Ioannina,  one species clearly  
decreases and  is palynologica l ly  succeeded by 
Platanus or luglans, namely Fraxinus ex­
celsior. One may observe th is  fact, but how 
can i t  be explained? Fraxinus excelsior grows 
in  riverine forests wi th  deep soil and avoids 
i .a. pebble beds.  Platanus orientalis can often 
be found a long and in rivers wi th  a pebble 
bed , a s i tuat ion t hat is very common in  G reece 
nowadays. The water regime of such a river is 
a h igh water t ransport during t he winter 
months and l i tt le  or  no transport d ur i ng t he 
M ed i terranean summer.  Such a regime is t he 
resu l t  of cl imate combined wi th ruth less forest 

destruct ion in t he mountainous h in terland .  
E ros ion of t he val leys and a sh i ft of water 
d istr ibut ion over t he seasons may have caused 
Fraxinus excelsior to ret reat and Platanus to 
spread . 

Platanus is rfIent ioned in  relat ion to  a 
poss i ble success ion of Fraxinus excelsior but 
t he walnut may be a more l i kely successor as 
luglans prefers a deeper soi l  and not a pebble 
bed . U nder (semi-) na.t ural  condit ions luglans 
regia is found in t he Balkans in ravine forests 
at t he present t ime .  

I f  t he hypot hesis ho lds  t ha t  river val leys 
changed due to a change in water regime, in  
turn caused by  deforestat ion,  t hen the cause 
should eventual ly be v is i ble i n  t he pol len 
d iagrams . In pa rt of the G reek d iagrams 
stud ied such a deforestat ion is indeed visi ble 
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( Bottema, 1 974; 1 979) and in th is  study for 
i nstance i n  Yegorit is '  zone Z. This pheno­
menon is only found in  t he d iagrams for 
Macedonia .  An i ncrease i n  N A P  values, 
caused by pollen types derived from cul ture 
ind icators, accompanies t he beginn ing of t he 
P/atanus/ Jug/ans p hase. When c l imate,  wi th 
increased precipitat ion ,  causing i ncreased 
d ischarge , became establ i shed , such a change 
must have influenced the natura l  vegetat ion .  
I nstead t he only c lea r picture in  t he pol len  

d iagrams is an thropogenic  act ivity .  
If c l imate did not cause a change i n  river 

beds then t he i nfluence of man m ight have led 
to t he formi n g  of pebble  beds .  When  
prehistoric man destroyed a l l  t he  mountain 
forests, eros ion wi l l  have taken p lace (as  one 
can see nowadays) .  H eavy ra i n  would have 
washed the so i l  d own  t he s lopes in to  t he 
valleys and fina l ly to  t he sea . As  there was no  
vegetat ion of i mportance tha t  he ld  t he water, 
provid ing a regular  water supply to  t he river 
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Fig. 1 5. Select ion of pol len  cu rves from the Lake Vegorit i s  d iagram i nd icat i ng antropogenic activity.  

system,  such  s t rea ms would  a lmost  be 
torrent ia l  after heavy ra i n ,  leav ing beh i nd 
on ly b igger elements, for i nstance rounded 
pebbles . This picture would not appear  
suddenly, bu t  i t  would develop gradual ly a s  
fa rm ing practices cont i nued.  There a re n o  
signs that  t hese act iv i t ies occurred on  a wide 
scale a l ready before the appearance of Jug/ans 
and P/atanus. 

The combinat ion a nd the values of pol len of 
types which ind icate fa rm ing act iv i t ies include 
P/atanus and Jug/ans palynological ly,  but to 
what  extent  a re t hey a lso  l inked pract ical ly? 
Al though we may ca l l  Jug/ans a cu l ture 
plant/ t ree, it is more d ifficul t  t o  consider 
P/atanus as  a weed . Today p lane trees a re of 
doubtful origi n .  They a re often considered as 
hybrids,  and grow along many roadsides in  
Sout h European cou ntries.  They a re planted 
i.a. because t hey can wi thstand a i r  pol lu t ion 

very wel l  as they shed the i r  ba rk every yea r. I t  
i s ,  however, doubtfu l  whet her a ir  pol lu t ion 
played a ro le  d uring t he G reek Bronze Age .  
Plant ing plane trees to provide shade seems a 
better suggest ion ,  as  can be appreciated I n  
Medi terranea n count ries nowadays. 

The geomorphologica l h istory of river val leys 
does not indicate any very important cha nges 
a round 3000 B . P .  The so-ca l led 'You nger fi l l '  
i s  dated by  Vi ta-Finzi ( 1 969) to about A . D. 
400- 1 800 ( B int l i ff, 1 982) .  Pollen d iagrams 
that cover the period of A . D .  400- 1 800 do not 
show special  cha racterist ic changes in the 
pollen curves of species t hat  a re l inked wi th 
river val leys . The phenomenon and t he 
del imitat ion of the 'Younger fi l l '  i n  t ime ,  a re 
seriously dou bted by i.a. Wagstaff ( 1 98 1 )  and 
Eisma ( 1 978) .  

The coul�se of t he pol len curves in  t he pollen 
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d iagrams d oes not point  to a c l imat ic  cha nge 
that st i mulated the spread of walnut a nd p lane 
tree . The reverse is to conclude a c l imat ic 
change from the appea rance of Juglans a nd 
Plalanus. The combinat ion of  pol len types 
and the i r  specific s ignificance, however,  
st rongly po in t s  i n  t he d i rect i on  o f  t he 
i n fluence o f  p reh istoric man .  I n  chapters 6 
a nd 7 we wi l l  d iscuss th is matter .  

The appea rance of Juglans and Plalanus is 
not an isolated occurrence for Greece, but 
is fou nd in  o ther  countries too .  For N orth­
western I ran ,  in the area of Lake U rmia 
( Rezayah ) , the same pol len  p icture can be 
fou nd at a bout the same t ime,  a l t hough pol­
len assemblages from both regions d i ffer 
considerably ( B ottema,  in prep . ) .  I n  t he 
mounta inous part of Turkey Juglans and 
Plalanus .do not behave i n  the same way 
pa lynologlca l ly .  Juglans i s  present in low 
percentages dur ing the H olocene, whereas 
Plalanus pollen is general ly absent apart from 
a late appea rance in  coastal s i tes (van Ze ist el 
al., 1 9 75) .  Al t i tude may be the l im i t ing factor 
i n  A natol ia .  

A place of natura l  occurrence of Plalanus i s  
t he Ghab Va ney in  N orthwestern Syria 
( N ik lewski  & van Zeist ,  1 970), where pla ne 
tree is  found cont in uously dur ing the last 
50,000 yea rs. 

Juglans pol len appea rs in sed iment cores 
from Ita ly and France in Roman t ime mai n ly .  
A d Iagram from Lagoa Comprida , Portuga l 
(van den Brink  & Ja nssen, i n  press) shows 
stray gra ins of  Juglami and a cont inuous cu rve 
for Caslanea long before t he fifth m i llenn ium 
B. P .  A n  ea rly Juglans gra in in l oann ina 1 1  
( fig. 1 9 ) is a scri bed to long-d istance transport . 

Pol len o f  Juglans a nd Plalanus does not 
s�ow the same d is t r ibut ion a nd percentages 
( fIgs.  1 2-2 1 ) .  For Macedon ia ,  val ues a re very 
much the same .  Cores from Kh imad it i s  
Edessa and Kastoria show the 'two tree polle� 
types at a bout 3200 B. P. 

In  the Pla i n  of  Maced on ia , at  a bout sea­
leve l ,  both Planlanus and Juglans pollen is 
ve ry sca rce . This is  remarkable as part of the 
pollen transport could be effected . by rive rs .  
The same i s  true for l oann ina 1 1  ( Ep irus ) .  
Never theless, a t  the present t ime on the  
eastern slopes of the P indus M ountains along 
the road from Kalambaka to l oa nn ina 
numerous p lane trees can be seen bordering 
the Acheloos river. 

5. 2. Vilis 

Ther.e are obvious reasons fo r us ing Vilis as 
an  1 11d lcator of human act ivity .  Modern 
occu.rrence of wi ld v ine ( Vil is sylveslris) is 
restncted to the northern half of  Greece north 
of  the l ine Larissa-Tri kkala- Ioann ina (Logo­
thet ls  1 11 J .  Re nfrew, 1 973) .  Van  Ze ist and 
the p resent author fou nd wi ld Vilis i n  rather  
de�se s.hrub and smal l  t rees of Carpinus 
ofTenlahs, Cercis, COlinus, Quercus cf. pubes­
cens, elc. , 1 7  km southwest of Lake l oan­
n ina .  �owever,  there is some uncerta inty 
conce rn 1 11g Its occurrence in the wild . On the 
d istr ibut ion maps stands of  wi ld vine in 
� he southern Vojvodina a re a bsent ,  a l t hough 
I t  was frequently seen i n  r iver ine forests 
( Bottema & Ott away, 1 982) .  I t  is  proba b le 
that wild vine occurred in many places i n  
G reece where i t  seems to  be  a bsent now and 
that it d isa ppea red due to human i

'
nter­

vent ion .  
The palynologica l presence of Vilis during 

the H olocene d i ffe rs from place to place . I n  
Maced onia th is  type i s  often met wi th in  the 
Plalanus/ Juglami phase, after a bout 3000 
B . P . and sca rce ly before . The fi nds from 
before 3000 B . P .  may or ig inate  from wi ld 
pla n.ts as  well a s  from cult ivated grape .  

VUIS sylveslris grows at  heights up  to 400 m 
abO\�e sea -level and occas ional ly up to 800 m .  
Cult Ivated vine \-vould have a more restr icted 
d is tr ibut ion (Suva lesa i in  J .  Renfrew,  1 973 ) .  

G reek Macedon ia ,  inc lud ing Kastoria and 
the K h i madi t i s/  Vegori t i s  a rea , l ies a bove 500 
m. a b�ve sea-leve l .  The d is tr ibut ion map of 
WI ld v 1 11.e by Logothet is ( in J. Renfrew, 1 973 )  
con tradIcts Suvalesa i 's n ote on  the  elevat ion .  
E�peci� l ly i n  t he h igher part of Macedonia 
WI ld  vme occur s .  That wou ld expla i n  the 
presence of the ear ly ( pre-Neol i th ic )  appear­
ance of Vilis pollen. The increase d ur ing  the 
Juglans/ Plalanus phase was u ndoubted ly 
ca used by man .  

We have d iscussed the s i tuat ion on  h igher 
elevat Ions ,  a bout 500 m above sea-level,  but 
what a bout t he behaviour  of Vilis pol len 
below 500 m? In the valley west of Edessa at  
about 400 m a bove sea-level Vilis was p resent  
at least at about 9500 B .  P .  In  t he low lying 
Plam of Macedon ia ,  Vilis pollen i s  more 
numer0US than in  other Greek cores , sug­
ges t l l1g that  in the riverine forest i n  the 
del ta v ine was abundant .  I n  t he Macedon ian  
lowlands the Vilis curve is  the reverse of  the  
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Vitis curve in t he h ighlands .  U p  to 1 0% Vitis 
pollen is found i n  t he lower part of t he 
Giann itsa d iagram but  d ur ing t he period of 
the Juglans l  Platanus phase Vitis p o l len  
percentages a re considerably lower. As  t he 
sed iments in Lake Volvi a re not old enough 
we ca nnot  say how' t he v ine behaved in that  
low part of Thrace. Turner and  G reig ( 1 975)  
do  not ment ion  Vitis for t he Drama a rea . 

I n  the Pla i n  of Macedonia a clear nega­
t ive correlat ion ex ists between the cu l ture 
ind icators a nd Vitis (fig .  1 3) ,  whereas i n  the 
h igher parts a defi n ite ly posi t ive correlat ion 
exists .  Also i n  somewhat lower a reas l i ke 
Edessa and La ke Volvi one ca n speak of 
a pos i t ive corre lat ion .  How ca n th is be 
expla i ned? When fa rmers entered t he P la in  of 
Maced onia wi ld v ine was very common.  Qui te. 
probably it grew i n  riverine forests wi th  
Fraxinus excelsior etc. This type of forest was 
soon destroyed resul t i ng i n  a decrease of Vilis 
( t he decrease of pol len of Fraxinus excelsior 
and Vilis lead to  t he conclus ion t hat t he 
riverine forest was dest royed ) .  The assumed 
dest ruct ion of wild vine was not fo l lowed by 
domestic vit iculture .  

Wi ld  vine was never very common a t  h igher 
elevat io ns as a stu itable b iotope was relat ively 
scarce t here compared wi th  t he Pla in  of 
Maced onia .  On such h igher locat ions Vilis 
pol le n  perce n tages i nc reased after  abou t  
3000-3500 B . P .  d ue to vi t icul t ure. 

On t he Epirotic s ide of the Pindus Vilis 
occurred in t he loann ina a rea for most of the 
H olocene but as  is ev ident  from t he pol len 
percentages i t  was not abundant .  Sed iment 
from t he coastal area of Akarnania that 
represents about the last 6000 yea rs shows a 
rather  constant  presence of Vilis . Accord ing 
to t he d is tribut ion  map by Logothet is t h is 
would be cul t iva ted grape . I t  is however 
doubtful to what extent th i s  map gives 
i nd icat ions of past d is tr ibut ion of Vilis 
sylveslris or its d omesticates. 

The same can be said for t he Thessa l ian 
part .  Vitis occurs i n  t he Xin ias a rea ( Bottema, 
1 979) soo n a fter  t he begi n n i ng of t he 
H olocene .  I t  is c lea r t hat  such fi nds must be 
attr i bu ted to Vi/is sylveslris. 

6. POSS I BLE I N D I CATO R S  OF E A R LY 
FA R M I N G  I N  G R EECE 

In chapter  3 . 2. t he method is described for 
select ing a group of pollen types that  may 

i nd icate ea rly fa rming in G reece. One could 
imagine that in  t he same way as I versen ( 1 94 1 )  
used Planlago lanceolala as an  ind icator for 
t he Landnam in Denmark,  one or more pollen 
types could be ind icative fo r t he o nset of 
Neol i t hic fa rm ing in G reece . 

Of course, t he s i tuat ion in G reece d i ffers 
cons i'derab ly from t ha t  i n  Den mark  or  
Northwestern Europe as a whole .  Because of 
va riat ion in  e levati on ,  substratum, exposure 
a nd c l imate,  vegetat ion types developed which 
undoubted ly demonstra te d i fferen t  react ions, 
when t hey a re a ttacked by man and his 
d omest ic  an imals or  replaced by his crops, 
t han  t hose in Northwestern E urope. These 
supposed vegetat ional  changes may be visi ble 
in the pollen assemblages. Do Greek vege­
tat ions show ind icators of th is  process a nd 
i f  so, are they ident ica l al l  over the area 
stud ied or a re t hey d ifferent? 

I n  add i t ion to t he three new d iagrams dealt  
wi th  i n  t h is paper, other avai lable information 
has been t rea ted i n  t he same way .  A select ion 
of ten d iagrams from Northwestern G reece 
( Bottema, 1 9 74) together covers t he H olocene, 
so a lso pre-farming periods a re present .  The 
d iagrams represent an a l t i tud inal range from 
sea-level to 650 m above sea-level (figs . 1 2-2 1 ) . 
The most important types d iscussed above are 
given schemat ically i n  fig .  22. 

La ke sed iment as well as peat is present as 
basic material  from which t he samples were 
taken,  a l t hough t h is variat ion  is advantageous 
on ly  to u certa i n  extent .  As wi l l  be known,  
pol len curves derived from c lay or  gyt tja  tend 
to demonstrate smooth curves compared wi th  
cu rves from pea t sed iment or comparable 
depos i ts wi th a lot of orga nic detr i tus .  Cores 
from the cent re of lakes a re fa r less influenced 
by loca l vegetat ion than cores from marshes 
or cores from locat ions c lose to (marshy) lake 
shores. 

Thus t he d iagram K h imad it is  I I I  ( fig. 1 7) 
taken in t he lake of that  name, compares wel l  
with the t hree new cores u nder d i�cuss ion .  I t  is 
more d i fficul t  to compare between Kh imadi t is  
I I I  a nd Kh imad i t is  I ( fig .  1 6 ) taken from t he 
nea rby marsh .  The rema in ing d iagrams (figs .  
1 3 , 1 4, 1 8  and  1 9) from G iannitsa,  Edessa , 
Kastoria,  X i n ias 1 1  anct l oann ina 1 1  have been 
taken  a l so from loca t i o n s  where l oca l 
vegetat ion wi l l  often have been p resent very 
nea r to the coring s i te .  

The pol len types from t he so-ca lled group 
I I I ' (chapter 3 . 2. )  a re selected from t he ten 
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d iagrams and shown i n  figs . 1 2-2 1 .  I n  figs. 
1 2- 1 8  d iagrams from Macedon ia a re shown.  
They origi nate from Vegori t is ,  K h imad i t is 
( two), Edessa, Kastoria , G iannitsa and Volv i ,  
Two d iagrams originate from sout hwest of  t he 
Pind us, Tr ikhonis  and loannina 1 1  ( figs, 1 9  
and 20) ,  The rema in ing d i agram (fig, 2 1 )  is 
from Xin ias ( Thessaly) ,  

The figures a re d rawn i n  such a way that t he 
A P / N A P  ra t io is shown first ,  fol lowed by 
the curves of P/atanus, Jug/ans, Vilis and  
Castanea, Then fol low the  types present in  
group I I I  (chapter 3 . 2, ) ,  at least when such 
types a re present with a curve, Only i n  figs. 1 8  
and 2 1  a re t he curves calculated from a basic 
sum inc luding t ree types only .  

The var ious pol len types a re grouped 
accord ing to t he shape of t heir  pol len curve . 
Final ly t he curves of t he G ramine\le and 
Pteridium are shown. At least part of t he grass 
pollen doubt less has connect ions wi th  man 
and h is an imals ,  

Espec ia l ly i n  the d iagrams made for t he lake 
sed iments t he grouping of t he various curves 
demonstrates a visual pattern,  The d iagrams 
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Fig. 1 7. Select ion of 
pollen curves from 
the Lake Kh imad itis 
I I I d iagram i nd icating 
ant ropogenic 
activity. 

t hat cover t he complete H olocene present a 
picture that ,  start i ng below, shows a dense 
pattern caused by the presence of many types , 
Th is is followed by a less dense part (absence or 
low values of many types) and then aga in  a 
dense pattern w hen the types return to  h igher 
va lues.  In those d iagrams where t he younger 
part of t he H olocene is present,  it i s  self­
evident t hat only part of t hat pattern can be 
found . 

The black-white-black pattern is possible,  
beca use a series of types could be grouped 
toget her which show the same property. They 
a re all found d ur i ng the early H o locene,  after 
which they d isappea r because they cannot 
tolerate the shade of forest and fi nal ly t hey 
return when man opens up t he forest .  

One of t he results of the grouping is t hat 
types tha t  were t hought to be of local origi n ,  
growing somewhere on  the edge of  t he marsh ,  
t urned ou t  to have a n  ident ical behaviour 
to well-known weed and crop types. For 
insta nce, Po/ygonum avicu/are-type pollen 
was for a long t ime considered 'a s mostly local 
( B ottema, 1 974), but it turns out that it is 
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Fig. 1 8 . ·Select ion of pol len curves from the Lake Kasto ria d iagram i nd ica t ing antropogenic act ivity. 

closely li nked wi th  types ind icat i ng fa rm ing .  
Pol len types t hat  appea r in  the ea rly as  well 

as in  t he late H olocene a re :  Artemisia , 
Chenopod iaceae ,  Polygonum a viculare-type , 
Rumex acetosa-type , Centaurea solstitialis ­
type a nd Sanguisorba minor/ Poteriul11. Al l  
these types represent more than  one p lant  
spec ies . Only i n  t he case of Sanguisorba 
minor/ Poterium t he number of species is 
known wi th  some certa inty to be l im ited to  
two. 

Some of t hese types can be l isted as 
predominant ly steppic, fo r instance Artemisia 

and Chenopodiaceae .  They a re present dur ing 
late Pleistocene and ea rly Ho locene t imes . 
Then they become ra re but t hey do not 
d isappea r a l together.  In you nger H o locene 
t imes they expanded aga i n .  The fact that they 
do not d isappea r makes them u nsui table as 
ind icators for the onset of Neol i th ic  fa rming 
in  G reece.  They may ind icate more wide-sca le 
fa rhl ing ,  but t hey a re no subtle ind icators. 

A series of typica l cu l ture ind icators have 
re lat ively important values in the upper parts 
of the d iagrams represent ing the late H olo­
cene period . Th is group i ncludes Cerea lia-
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type, Plantago lanceolata -type , other Plantago 
types and Humulus/ Cannabis. If we t race 
these curves back to periods d ur ing  which 
ea rly farming may have taken place, the 
correspond ing values have d iminished to 
values of often under I % .  Sometimes a 
part icular type is gone a ltogether. 

Cerea l ia -type ind icates cereal crops only 
partly as  t he pol len type includes some wi ld 
Gramineae ,  which a re d ifficult or impossible 
to separate from the Cereal ia proper (va n  Zeist 
et  al. , 1 975) .  I n  Greece, for instance, Hordeum 
spontaneum, Triticum aegilopoides a n d  
Secale montanum occur in  t he wi ld . Such wi ld 
cerea ls and wi ld grasses as  mentioned by van 
Zeist et al. explain the fact t ha t  the curve 
represent ing Cerea l ia-type pol len runs back 
into the Late Pleistocene. 

Plantago lanceolata-type (defined as  a type 
because the reference collection  for Greece 
of the Biologisch-Archaeologisch I nstituut is 
not complete as regards Plantago species) 
generally does not occur i n  the lower part of 
t he d iagrams.  The planta in curves start about 
8000 B . P . i n  the d i agrams of Edessa ,  
Khimadit is  I and I I I  (figs. 1 4, 1 6  a nd 1 7) .  The 

Fig. 1 9 . Selection of pol len  curves 
from the Lake Ioannina I l  d iagram 
i nd icating antropogenic activity. 

problem rema ins whether t here were any 
Neol i thic farmers in  t he mountains .  There is  
proof of  early Neol i th ic h abitat ion i n  t he 
Pla in of M acedonia w here they i nha bited t he 
site of Nea Nikomedeia ( Rodden, 1 962; 1 965) .  
The G iannitsa d iagram (fig. 1 3) may give 
i nformation on  t he Nea Nikomedeia farmers. 
This d iagram covers about 8000 years accord­
i ng to t he rad iocarbon dates. It is thus i mpossi­
ble to see w hether Plantago lanceolata-type 
pol len was present before t hat  t ime .  I n  
Thessaly Plantago lanceolala-type po l len  is 
found in low percentages from early Holocene 
t imes onward in the d iagrams of X inias I 
( Bottema,  1 979) and X inias I I  (fig. 2 1 ) .  

I n  N orthern Greece Plantago lanceolala 
pol len may be a n  indication of ea rly Neol i th ic 
fa rmi ng, but i n  Thessaly and more to the 
south no  such indicative value is apparent .  
The same can be said for Humulus/ Cannabis. 
This pol len type clearly ind icates human 
activity.  Humulus is ,  on the o ther hand ,  a 
natura'l constituent of the vegetation as is 
ind icated by t he presence of Humulus/ 
Cannabis t hroughout t he first half of t he 
H olocene, be it in  low numbers. I t  is obvious 
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Fig. 20. Select ion of pol len  curves from the Lake Trikhonis d iagra m ind icat ing a ntropogenic activity. 

that also from t h is gradual ly i ncreasing type 
no proof can be obtai ned of early Neol i th ic  
farming. 

The th i rd group consists of the remain ing 
types. The types in  t h is group never show 
important  values and t he ir  appeara nce i s  
irregular. Representatives are Xanthium, Aspho­
delus, Mercurialis annua and Urtica. Xan­
thium is restricted to t he Thracian/ M ace­
don ian  part .  I t  d oes not  show a c losed curve 
for any per iod but  pol len  is presen t  i n  early 
Holocene t imes a l ready. 

Asphodelus may i nd icate  open , bare 
vegetat ion ,  or over-grazing. This type is on ly  
presen t  in  cores from lower levels or  in  the  
south ( I oann ina ,  Trik honis) .  A n  except ion is 
Vegorit is (fig .  1 5 ) ,  where a few Asphodelus 
grains  a re met wi th .  

For t he three l ake d iagrams u nder d iscus-

sion Delphinium-type and Centaurea cyanus­
type u ndoubtedly indicate farming act ivity, 
but t hey do not  mark t he beginn ing of such 
act ivit ies . 

Urtica is found i n  low percentages, and wi th  
some very h igh values.  The h igh values 
suggest t ha t  Urtica sometimes formed part of 
the local vegetat ion .  Rumex hydrolapathitm­
type may be a local marsh plant t ha t  comes 
into th is  group also because it d id  not occur i n  
the relevees o f  Barbero a n d  Quezel. 

The Gramineae are i ncluded in the figures, 
because they may ind icate a trend especial ly 
wh�n the core has been taken from deeper 
water. Gramineae pol len from marshes a nd 
upland spec ies may be found together, t he 
more l ocal group causing the irregular pattern. 
Lake depos its show smoother curves than 
organic  deposits .  
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Fig. 22.  Schemat ic  pollen d iagram showing a select ion of 
pol len  curves i nd icat ing human i nfluence. 

Final ly one spore is added , Pteridium. The 
Pteridium curve closely resembles the Plan­
tago lanceolata -type curve, the first fi nds 
occurring before t he o nset of human farming 
and herd i ng act ivity .  A lt hough bracken a nd 
p lanta in must have been const i t uents of a 
natura l  vegetat ion ,  t hey seem to  be sensit ive 
ind icators for an early  s tage of  farm ing, 
al though not decisive for t he recogni t ion of 
the first Neol i thic fa rming act ivit ies .  

Fig. 2 1 .  Select ion of pollen curves from 
t he Lake Xi nia 11 d iagra m i nd icat i ng 
antropogenic activity. 

Thus, the method of us ing t he pol len types 
ment io ned in group I I I  fa i ls in at tempt i ng to 
trace t he onset of fa rm ing in G reece. I t  i s ,  
however, a useful method for studying t he 
i ntensi ty of fa rm i ng and the occurrence of 
various fa rmi ng phases .  

7 .  P A L  YNOLOG l CA L  E V I DENCE FOR 
D E M OG R A P H I C  EVENTS IN  ( P R E)­
H I STOR I C  G R EECE 

In  th is  chapter i t  wi l l  be seen whether there 
are connect ions between demographica l  fl uc­
tuat ions ,  especia l ly  invasions, a nd palyno­
logica l i nformat ion .  Such connect ions were 
a lready made by Athanasiadis ( 1 975)  when 
he d iscussed pol len d iagra ms for Litochoro 
and Pertoul i  in  Thessa ly .  I t  is thought that 
in Greek (pre )history many events occurred 
i nvolving d isplacement or i nvasion of smal ler 
or larger groups of people . Some of these 
movements ,  especial ly in prehis toric t imes , 
are merely hypothetical or await more con­
vincing proof. Others that  are more recent  
have been traced in written records from 
that t ime .  

The impact of such events upon t he 
e nvironment,  or more specia l ly upon t he 
vegetat ion ,  is very d ifficul t  to  pred ict or to 
make vis ib le .  We wil l  see what information 
can be gat hered from t he archaeological 
record a nd what can be learned from written 
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informat ion from later periods.  When read­
i ng the general out l ine of G reek history in 
t he Geograph ical Handbook Series-Greece 
( 1 944), it turns out  tha t  quiet periods hard ly  
occurred (see a general scheme taken from t he 
Geographical H andbook Series-Greece i n  fig. 
23) .  It should be stressed that  t he quant i tative 
assessments of movements or  migrat ions a re 
n ot a lways equal ly rel iable .  The number of 
people i nvolved is (has to  be) based often 
upon general assumpt ions;  especial ly t he 
invasions i n  prehis toric t imes need fur ther  
proof. 

Apart from t he number of people i nvolved , 
t he impact  upon the env i ronment remains 
highly ques ti onable . Good st ud ies of demo­
graphic h is tory of the G reek i nterior on the 
basis of excavat ions a re lacking.  For the 
fol lowing i nformat ion on t he prehistoric part ,  

the author is much i ndebted to  M r. A .E .  
. Lan t ing .  For comparison wi th  the palyno­
logical record it is  necessary that the pre­
h istor ic cultures a re fi rmly de l im ited in 
t ime and space . I n  West and Central G reek 
M acedonia only very few modern excavat ions 
have taken place . The general d is t r ibut ion of 
the various cul tures and t heir  dat ing a re based 
upon surveys , from t he study of surface finds.  

The cul tural succession i n  Thessaly is well  
known but absolu te d ates of t he Dimin i ,  
La r isa a nd Rachma n i  per iods  a re few 
( Hauptmann,  1 98 1 ) . In East M acedonia, east 
of t he Strymon ,  a better s i tuat ion is fou nd 
bec'ause of t he excava t ions  of S i tagroi  
( Renfrew, 1 970; 1 97 1 ;  1 973)  and Dik i l itash 
(Theocharis & Deshayes, 1 962; Deshayes, 
1 968; 1 970a; 1 970b; 1 97 1 ;  1 973) on t he P la in  
of Drama , A series of  radiocarbon dates from 
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S itagroi points to  a h ia tus between about 3400 
a nd 2600 B . C. Accord ing to Turner & G reig 
( 1 975) in t he i r  study on  t he vegetat ion history 
i n  t he Drama a rea, a s l ight decrease i n  t he 
amount of forest can be detected , i nd icat ing 
t hat,  a l t hough n o  habi tat ion was present o n  
S itagroi,  prehistoric man  was s t i l l  present i n  
t he vic in i ty .  

G imbutas ( 1 974; 1 977) t h i nks that an 
i nvas ion  of  Euras ian  steppe pas tora l is t s  
halted i n  Rumania  a round 3 500 B . C. They 
were d riven southward by another invasion 
around 2700 B . C. to Macedonia .  

I n t he period from c .  2300 to c .  1 900 B .  C. 
covering part of t he Early Bronze Age, many 
sett lements were dest royed . A n  i nvasion, 
according to  G imbutas, came from t he East 
European steppes . H anschmann and M i lojc ic 
( 1 976) t h i nk  t ha t  the  i nvasion came from 
M acedon ia .  Best ( 1 973 )  postulates Thracian 
tr ibes com i ng from the  north .  H owever,  he 
confounds Greek calendar year dates with 
Bulgarian u ncal ibrated radiocarbon dates .  
S imi la rly, confounding of rad iocarbon years 
a n d  ca lendar  yea rs i s  a l s o  ev iden t  i n  
Hammond ( 1 978) .  

M a ny i nvest igators ascribe a n  i nvasion 
a round 2300 B . C. to the a ncestors of the 
Greeks who spoke an  I nd o-European lan­
guage from which the Greek d ia lects devel­
oped in  G reece . Others th ink that t he Proto­
G reeks invaded around 1 600- 1 550 B .C. Proof 
of t he presence of G reek-speak ing people 
dates from 1 200- 1 1 00 B .C .  

Astour  ( 1 965) suggests t ha t  Semit ic  t r ibes 
came from East Ci l ic ia to G reece immed iately 
after t he Santor in i  erupt ion .  Palest i n ian /  early 
Phoenician names would h ave been abundant 
local ly a t  t hat t ime in G reece . An i nvasion  of 
the Dorians is postulated c. 1 200/ 1 1 00 B .C .  
coming from Northwestern G reece . I n  view of  
t he many  ci ties dest royed th i s  must have been 
a turbulent t ime. 

The cultural  gap between the M ycenaean 
period and t he period after i t  seems to  be 
much smal ler t han  was thought for a long 
t ime . Proof t ha t  the people who burned t he 
sett lements came from Northwestern G reece 
is not  very convinc ing .  Th is made some 
i nvest igators (i.a. Thomas, 1 978)  t hi n k  t hat 
the 'Dorians' were the  lower c lasses in  
M ycenaean G reece who revolted agai nst t he 
rul ing c lass and chased t hem away. 

The poli t ical  and economic effects were not  
necessari ly t he same. Especia l ly  economic 

factors may have been of i nfluence upon the 
e nvironment .  For instance when t he Roman 
empire collapsed some economic effects 
wou ld have been ahead of t h is event and some 
may have been delayed . Some economic 
events can be translated i nto  damage to 
vegetat ion and others cannot .  

I n  the Byzant ine Empire i nvasions of Slavs 
took place from about A. D.  500 to 675. 
H istorical reports mention numbers of about 
1 00,000. 

About A . D .  1 000- 1 1 00, invasions of Vlachs 
took p lace . They were less important than the 
S lavs . S t i l l ,  as t hey took to the mountains,  
t hey could h ave exerted pressure upon t he 
mounta in  forests .  Accord ing to the sensus of 
1 928 c .  20,000 Vlach-speak i ng people l ived in 
G reece . It is l i kely that the actual number was 
higher. Many V lachs had a l ready left for 
R umania after t he First World War. St i l l  t he 
numbe r  of i nvad ing Vlachs has to be coun ted 
i n  tens of t housands and not i n  h undreds of 
t housands.  The fal l  of t he Byzant ine Empire 
i n  1 453 when t he Ottoman Turks took over is 
a lso  not an  important l imi t  for economic 
environmental  events .  I n  1 204 for instance a 
u ni ted fleet of Venetians and Crusaders 
conquered G reece and adjacent a reas. The 
French Boniface de M ontferrat became k ing 
of  Macedonia ,  Thessaly and much of Central 
G reece . So  in fact t he a rea was free of 
Byzant ine dominat ion a l ready a lmost two 
h undred years before the defin it ive fal l  of t he 
empire .  This is of importance as for instance 
Atha nasiad is ( 1 975)  l i nks t he pol len zones 
wi th  t he main po li t ical  events .  

Apa rt from t he supposed impact of man 
upon h is  natura l  surround ings, some palyno­
logical i nformat ion may be derived from 
the method of fa rming. Athanasiadis points 
out  t he difference between Turkish agri­
cul ture a nd G reek farm ing .  M igrat ion,  dur­
ing the Tu rkish occupat ion occurs i n  t he 
form of  Christ ian refugees escaping to t he 
m ounta ins .  The Turkish occupat ion d id  not 
end a t  t he same t ime a l l  over G reece; i n  G reek 
M acedonia  a nd part of Thrace i t  occurred as 
late as  in 1 9 1 3 . 

The final demographic shifts i nclude t he 
return of t he refugees from t he mounta ins and 
t he exchange i n  1 923 of I .  3 mi l l ion G r'eeks 
from Turkey with 390,000 Turks/ moslems 
from G reece . 

From the foregoing i t  is clear t ha t  many 
proven or supposed demographic shifts h ave 
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occurred I n  G reece . There is  a lot of 
d isagreement about t hese sh ifts especial ly 
t hose concern i ng i nvasio ns, apart from t hose 
that have happened s ince Roman t imes. 

I n  fig .  23 a chronologica l table is given 
demonstrating a series of (pre )h istoric events 
and a tentative scheme ind icat ing t he impact 
of man u pon t he vegetat ion derived from 
pol len d iagrams . These d i agrams originate 
mainly from Greek Macedon ia  and o ne from 
t he Epirotic side of t he P i ndus M ou ntains .  
The scheme for Lake Tri khon is i s  not  given 
here, because t he re a re too many dat ing 
problems wi th  t h is d iagram.  The vegetat ion 
schemes d iffer from site to  s i te considerably 
and i n  t h is respect t hey unfort u nately match 
t he a rchaeologica l record very wel l .  

W h e n  vegetat ion h istory i s  concerned i t  is 
appeal ing to look at some h istorical i nvas ions, 
because t hey were a t  least recorded . Of special 
importance is a lso t he object of such 
movements .  People  who i nvaded fe r t i l e  
lowlands and towns wi l l  have a d ifferent k ind  
of impact upon  the vegetat i on  than herdsman 
with large flocks spread i ng over the 
mountains .  A d isadvantage i n  studying t he 
effect of subrecen t  migrat ion may be t he 
advanced state of deter iorat ion of G reek 
forests .  As t he h u man i nfluence has a l ready 
been exerted for mi l lennia the i nvasions of 
Goths,  S lavs or  Vlachs hardly add to  t he 
d isturba nce of nature .  

In the d iagrams of Volvi  and Vegorit is such 
i nvasions a re not visi ble from the course of the 
pol len curves .  One may conclude that t hese 
i nvasions d id not exert pressure upon the 
Greek vegetat ion to any ma rked extent .  

As we do not lea rn much by look ing at the 
most recent i nvas ions ,  we turn  to the lowest 
part of t he scheme of fig .  23 .  The first 
ind icat ion of events that a re synchronous to 
some extent is found at about 4000 B. P.  i n  
Kastoria and the K h imad i t i s  a rea , thus  i n  
Nort hwestern G reek Maced on ia .  I n  Vegorit is ,  
Giann i tsa a nd l oann ina comparable cha nges 
a re fou nd a l i tt le earl ier .  In Edessa the 
surround ings seem to be less affected . 

I n  ca lenda r yea rs th is t ime would be about 
2500 B . C. Accord i ng to  G imbutas ( 1 974), 
d u r ing t hat t i me (2700 B . c. )  Eurasian pasto­
ral ists invaded N orthern G reece . I t  cannot 
be excluded that  t he i nvas ion  postu lated 
by G imbutas is connected with the vegetat ion 
cha nge ment ioned above. 

The next important change takes p lace 

around 3 1 00-3200 B . P . (fig. 23), especial ly 
west of the Plain of Maced onia,  but not over 
the watershed in  Lake Kastoria .  In the Pla in 
of Macedon ia t he pol len record does not show 
any sudden increase of human impact. The 
sudden d isappearance of coniferous forest 
(chapter 2 . 3 . )  i s  contempora neous with pos­
tu lated i nvas ions of the Dorians.  If we 
assume that Dorian t ribes moved i n  from 
elsewhere, then they took a rather  d ifficult  
road . I f  they came from the north t hey 
apparent ly must have avoided the Pla in  of 
Maced onia ,  at least the pollen record shows 
no react ion here .  A reason for avoid ing the 
Plain of Maced onia may have been the 
i naccess ib i l i ty  of extensive marshy areas in  the 
centre .  The edges, however, would have 
offered reasonable opportuni t ies for travel­
l i ng. Did they meet opposi t ion there? 

The e ffects upon t he vegetat ion of the 
Kh i mad i t is j Vegori t is  a rea must have been 
ca used by a relat ively la rge n umber of people, 
mainly herdsmen with sheep and goats, partly 
settlers who took to the va l leys. The palyno­
logica l i nformat ion  supports t he idea of a 
Dorian i nvasion .  

Although this  is not a subject treated in 
t h is study,  it i s  worth ment ion ing that  in  
South\ovestern Turkey a comparable event 
takes place a t  the same t ime ( Bottema & 
Woldring, in prep . ) .  

The other  fl uctuat ions i n  human impact 
concl uded from the pol len record cannot be 
brought into l ine wi th each other  or wi th 
informat ion  on  migrat ion that we know to 
have happened . For the post- Roman period 
the rathe r  deta i led palynologica l informat ion 
from the lakes  of  Vegorit is and Volv i  agrees to  
some extent  wi th  Athanasiad is' ( 1 975) scheme 
fo r t he Nor th  Thessa l i a n  d iagrams of 
Li tochoro and Pertou l i .  

The general pattern proposed by  Athan­
asiadis can be found i n  t he two Macedoni­
a n  cores ment ioned above. No signs·are found 
of any impact made by i nvad i ng Slavs and 
Vlachs. 

To resume, one may state t hat i nvasions are 
not necessari ly reflected i n  the pollen record . 
It is of importance i f  human pressure is 
exe.rted upon an  untouched natura l  forest or a 
long-s i nce degraded sh ib lya k .  Post- Roman 
i n vas ions  in  N or thern G reece a re not 
detectable in  the pollen record . I ncrease in  
ant'hropogenic pressure upon the vegetat ion in 
Northern Greece around 4500 and 3 1 00 B .P. may 
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be re lated to successive i nvasions of  E uras ian 
pastoralists (G imbutas, 1 974) and Dorian 
tr i  bes .  
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9 .  S U M M A R Y  

New palynological i nformation from G reece is  
presented . The informat ion of  Ho locene lake 
sediments is used to compare the repre­
senta t ion  of pollen types wi th  those from 
modern surface samples and wi th  the pol len 
types de rived from the herb and t ree species 
l isted in plant-sociological relevees from (semi-) 
natura l  forest .  Differences in t he qua l itat ive 
compos i t ion of pollen assemblages from t hese 
sources are used to t race types that i nd icate 
human act ivity and infl uence on  the vege­
tat ion in prehistor ic and h i storical t imes. 
The concept of d ivers i ty i n  vegetat ion  is 
compared w i th  t ha t  in pol len assemblages. 
Some pol len types from t rees, herbs or  weeds 
connected wi th  t he act iv i ty of man a re dealt  
with i n  part icular .  I t  is i nvest iga ted i n  how far 
such pol len types could mark t he first fa rming 
act iv i t ies in G reece.  Attent ion  is paid to t he 
various demographic events t hat  a re t hought 
to have happened in G reece and the i r  
(possible) i mpact upon the environment .  
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