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Ab stract
The pa per pres ents the di vi sion of Holo cene into four paly nos tra tigraphi cal units: early Holo cene, mid dle Holo cene,
late Holo cene – older part, and late Holo cene – younger part. It stresses that the best de fined bor der is that be tween the
Late Gla cial and early Holo cene, and all other “bor ders” have the char ac ter of broad tran si tional zones. The at ten tion
is also paid to the com plex of changes start ing be tween 4000 and 3000 BP con nected with the re treat of ha zel and oak
and ex pan sion of horn beam and beech with fir spread ing in the south and spruce in the north- east of Poland. From ca.
6000 BP on the hu man ac tivi ties cause in creas ing changes in vege ta tion that are dif fi cult to be dis tin guished from
those gen er ated by natu ral fac tor.
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IN TRO DUC TION

Bi os tra tigra phy, one of the ba sic meth ods for con struct -
ing the stra tigraphic schemes, in cludes dif fer ent spe cial is tic
meth ods, with paly nos tra tigra phy, as an in de pend ent tool,
be ing the most im por tant among them. Paly nos tra tigra phy is
as sisted by two other bo tani cal meth ods: the analy sis of mac -
ro scopic plant re mains and in ves ti ga tions on the com po si tion 
of peat de pos its.

From the point of view of stra tigra phy in a broader geo -
graphic sense than the re gional stra tigra phy, only very few
bor ders pro posed for the Holo cene should be treated as syn -
chro nous ones. The firm est of them is the bor der be tween the
gla cial and in ter gla cial, speak ing more strictly – the late gla -
cial/holo cene bor der. This di vi sion line is nearly syn chro -
nous in cen tral Po land with the re sults of in ves ti ga tions on
the ice cores GRIP and GISP 2 from cen tral Green land. This
has been dem on strated by the com pari son of  d18O from an -
nu ally lami nated sedi ments of Lake Goœci¹¿ at Gostynin
Lake Dis trict with that com ing from GRIP core (Go slar et al.
1995). Very de tailed multi- proxy in ves ti ga tions on the sedi -
ments around this bor der from Lake Goœci¹¿ (Ralska-
 Jasiewiczowa et al. 2003) have shown sev eral short- lasting
ac com pa ny ing cli matic os cil la tions (like ca. 30 yrs rise of
win ter- and fall of sum mer pre cipi ta tion pre ced ing the main
warm ing, and then the drier cli mate, first due to the fall of
win ter – and later also of sum mer pre cipi ta tion etc.). The
sedi ment sec tion of ca. 350 years with the main bor der be -
tween the Late Gla cial and Holo cene oc cur ring in the mid dle
of this sec tion was in ves ti gated in such a de tailed way.

In the new monogra phy on vege ta tion his tory of Po land
based on the iso pol len maps (Ralska- Jasiewiczowa et al.
(eds) 2004) the chrono logi cal di vi sion into five main units re -

fer ring roughly to the clas si cal di vi sion into chro no zones in -
tro duced by Man ge rud et al. (1974) was ap plied. It is
pre sented be low in con ven tional ra dio car bon years BP.

Late Gla cial (14,000–10,000 BP). It in cludes the gen er -
ally known cli matic os cil la tions: still cool Old est Dryas, the
warm ing of Bøl ling, the poorly dis tin guish able os cil la tion of
Older Dryas (cooler or drier cli mate?), the warm ing of Al -
lerød, the cool ing of Younger Dryas.

Early Holo cene(10,000–ca. 7500 BP). The time of cli -
matic warm ing and of in ten sive plant mi gra tions, in cludes
Pre bo real and Bo real chro no zones to gether with the be gin -
ning of At lan tic chro no zone when the mi gra tion pro cesses
were still strong.

Mid- Holocene (ca. 7500–5000 BP). It in cludes the re -
main ing main part of At lan tic chro no zone and at the same
time the cli matic op ti mum of the Holo cene.

Late Holo cene, older part (ca. 5000–2500 BP). It cor -
re sponds with the Sub bo real chro no zone and it can be di -
vided into two phases not dis tin guished up till now.

Late Holo cene, younger part (ca. 2500 BP till re cent
times). It is the pe riod of in creas ing an thro po pres sure cor re -
spond ing with the Subat lan tic chro no zone, char ac ter ized by
cool ing and hu midi fi ca tion of cli mate, and many changes of
vege ta tion con nected in the first place with hu man ac tivi ties.

The aim of such di vi sion was, first of all, an easy com -
mu ni ca tion, and the bor ders be tween those units are of ten
prob lem atic and rather “belt-like” than “line-like”.

EARLY HOLO CENE

The early birch- pine (Betula- Pinus) phase of Early
Holo cene dis tin guished as Pre bo real chro no zone, has al -
ready been pene trated by the first mi gra tions of meso phi lous



trees and shrubs like elm (Ul mus) mi grat ing from the south-
 east be fore 9500 BP, ha zel (Co ry lus) com ing mostly from the 
north- west (9500–9000 BP), and also proba bly oak (Quer -
cus). Oak’s mi gra tion routes were ini tially in dis tinct, and its
main mi gra tion wave took place only be tween 8000 and 7500 
BP. There are, how ever, oak trunks found, dated at older
times (Lubli nek, cen tral Po land – 9200 BP, Go slar, Pazdur
1985, Smo lice near Oœwiêcim – 8400 BP, Kr¹piec 1992),
evi denc ing ear lier pres ence of oak in Po land.

Times af ter 9000 BP are char ac ter ized by con tinu ous mi -
gra tions of suc ces sive meso phi lous gen era of de cidu ous
trees from the ref uges lo cated in dif fer ent parts of Europe. It
seems that the dis tance from the lo ca tion of those ref uges and
the dis semi na tion way were the most im por tant fac tors re -
spon si ble for the ap pear ance or der of par ticu lar trees on the
ter ri to ries of Po land. How ever, the data con cern ing the lo ca -
tion of ref uges are change able and be ing com ple mented, es -
pe cially dur ing the last years due to the dy nami cally
de vel op ing phy lo ge netic in ves ti ga tions on par ticu lar tree
spe cies. The new refu gial ar eas are be ing found in this way,
e.g. the Ro ma nian Car pa thi ans to gether with the Tran syl va -
nia, East ern Alps and even Bel gium (Tab er let et al. 1998,
Stewart, Lister 2001, Bordács et al. 2002, and oth ers). In
spite of the ar bi trary ac cep tance of the up per bor der of Early
Holo cene at 7500 BP we should treat it rather as a broad tran -
si tional zone.

When speak ing about the Early Holo cene we should still
draw some at ten tion to the spe cific char ac ter of al der (Al nus)
mi gra tion. It was pro ceed ing gradu ally from the south along
the Vis tula val ley since the be gin ning of Holo cene, but be -
tween 8500 and 8000 BP it de vel oped a huge ex pan sion on
the ter ri to ries of nearly the whole coun try, ex cept for some
parts of the moun tains (Fig. 1). Such a broad spread of wet
woods sug gests most proba bly the pe riod of in ten si fied rise
of wa ter lev els. This phe nome non would be in ac cor dance
with the hy pothe sis of Starkel (1999) about the wide
(global?) oc cur rence of a phase of hu mid cli mate con nected
with the ex treme hy dro logi cal events just dur ing that time.

MID- HOLOCENE

Mid- Holocene, cor re spond ing with the main, younger
part of At lan tic chro no zone and the holo cene cli matic op ti -
mum should be, ac cord ing to the clas sic opin ion, char ac ter -
ized by the sta bil ity of for est com mu ni ties (“cli max for ests”). 
Such state ment is not, how ever, quite cor rect. The ma ture
for est com mu ni ties were still sub mit ted to grad ual changes
con nected to a high ex tent with the pro cesses of soil maturing 
and leach ing (Birks 1986) and they were slowly chang ing
their com po si tion. For in stance, the con tri bu tion of oaks was
gradu ally in creas ing dur ing the whole time of Mid-
 Holocene, up to the maxi mum oc cur ring al ready dur ing the
Late Holo cene (4500–4000 BP). The con tri bu tion of elms
was maxi mal around 6500 BP and from 6000 BP on it started
to de crease, just at the time when limes (Tilia) and ash (Fra-
xinus) reached their high est con tri bu tions. Ha zel cul mi nated
twice – dur ing the Early Holo cene (around 8000 BP) and
again, by the end of Mid- and dur ing the older part of Late
Holo cene (Ralska- Jasiewiczowa et al. (eds) 2004). The sec -
ond rise of ha zel con tri bu tion and also other pe ri odi cal
changes, like short- lasting falls of elm, rises of birch or as pen
(Popu lus tremula), could be con nected dur ing the Mid-
 Holocene with the ap pear ances and ac tivi ties first of no -
madic groups of Meso lithic peo ple, and from 6500–6000 BP
on, also with the set tling of Neo lithic popu la tions, chang ing
the natu ral en vi ron ment lo cally, but with in creas ing ex tent.
The up per bor der of Mid- Holocene has to be in di cated in the
pol len dia grams by a rapid fall of elm pol len which, how ever, 
not al ways is well marked or syn chro nous; for in stance in the
Bi eszc zady Moun tains it oc curs only around 4400–4200 BP
(Ralska- Jasiewiczowa 1980), and in some low land sites as
early as ca. 6000–5700 BP (Lata³owa 1992). So again, we
can speak only about a tran si tional zone, and be sides, the
foun da tion of such an im por tant bor der on an event treated
gen er ally to day as a patho genic phe nome non, and con cern -
ing one tree- genus only, seems un sat is fac tory.
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Fig. 1. Iso pol len maps of al der (Al nus) for 8500 and 8000 BP, show ing the ra pid ity of its ex pan sion dur ing that pe riod on the ter ri to ries of
the whole coun try, what evi dences proba bly the for ma tion of nu mer ous wet habi tats due to the rises of wa ter lev els (ac cord ing to Szcze panek
et al. 2004).
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Fig. 2. Iso pol len maps of horn beam (Carp inus), beech (Fa gus), and fir (Abies) for 4000 and 3500 BP, show ing the way of ex pan sion of
these trees dur ing the pre sented time (ac cord ing to Ralska- Jasiewiczowa et al. (eds) 2004, Lata³owa et al. 2004a, Obidowicz et al., 2004).



LATE HOLO CENE, OLDER PART

The older part of Late Holo cene, cor re spond ing with the
Sub bo real chro no zone is the time of deep changes of vege ta -
tion, and once more re newed tree mi gra tions. It con tains a
very dis tinct, com plex bor der, not ex posed by paly no lo gists
too far up till now, di vid ing the older part of Late Holo cene
into two im por tant phases:

Phase ca. 5000–(4000) 3700 BP is char ac ter ized by the
maxi mal holo cene spread of oaks and more or less in di cated
ex pan sion of ha zel. It is pos si ble that the half- shrubby com -
mu ni ties with domi nant oak and ha zel ex tended on the post-
 farming grounds dev as tated by the Neo lithic popu la tions
dur ing their ac tivi ties. Their eco logi cal sta bil ity might have
been rather weak. Both oaks and ha zel were fa voured by man
dur ing the de for es ta tion pro cesses due to their util ity val ues.
The oak- hazel com mu ni ties were rather con nected with the
lowland- upland re gions; in the moun tains oak grows only in
the foot hill zone.

Phase ca. (4000) 3700–2500 BP is dif fer en ti ated by a
rapid re duc tion of ha zel, slower de crease of oak con tri bu tion, 
and co in ci dently pro ceed ing ex pan sions of horn beam (Car-
pinus be tu lus) and beech (Fa gus syl vatica), both com ing
from the south- east, but beech mi grat ing also from the
south- west via the Sude tes. Horn beam ex tended on the low -
lands to ward the north- west, and beech set tled mostly in the
moun tains, on the foot hills and up lands (Fig. 2). Some hu -
midi fi ca tion and cool ing of cli mate is be ing pos tu lated at that

time how ever, these would not be the cli matic change stimu -
lat ing the ex pan sion of horn beam, which is a mod er ately
con ti nen tal tree. Beech, a spe cies with more at lan tic de -
mands, will be spread ing in the peri- Baltic ar eas of Po land
dis tinctly later (3000– 2000 BP). So, the rea sons of syn chro -
nous ex pan sions of horn beam and beech from the south- east
to Po land are not clear enough. Still, at a simi lar time as beech 
and horn beam ex pan sions (4000–3500 BP) also the fir
(Abies alba) be gan to mi grate from the south- west to the
moun tain ar eas of the Car pa thi ans and Sude tes (Fig. 2), and
in the north- east of Po land a new cen tre of spruce (Pi cea
abies) oc cur rence started to form. This co in ci dence of beech,
fir and spruce move ments would sug gest some more gen eral
cli matic changes tak ing place dur ing the pe riod in ques tion.

It is also symp to matic that the very dis tinct bor der ho ri -
zon syn chro nous with the lower bor der of the dis cussed
phase and in di cated in this case by the in ten sive re duc tion of
ha zel and rapid in crease of beech con tri bu tion, but with the
minute val ues of horn beam, can be traced in the pol len pro -
files from the an nu ally lami nated sedi ments of vol canic lakes 
lo cated in the Eifel re gion in the north- west Ger many (Fig. 3)
(Ku bitz 2000, Brauer et al. 2000 and oth ers), and also in
other lo cali ties from north Ger many and from Den mark
(Ralska- Jasiewiczowa et al. 2003 and ref er ences cited there).

For the pro cesses of horn beam spread in Po land the pos -
si bil ity of oc cu pa tion of post- farming lands, which in the
older phase of Late Holo cene were pe ri odi cally over grown
by pio neer woods and sub se quently by oak- hazel com mu ni -
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Fig. 3. The com pari son of se lected pol len curves from two dia grams rep re sent ing an nu ally lami nated sedi ments from NW Ger many and
cen tral Po land, show ing the syn chrone ity (at ca. 3700 BP) of beech (Fa gus) rise at Meer felder Maar with horn beam (Carp inus) rise at Lake
Goœci¹¿, and co in ci dent de clines of ha zel (Co ry lus) curves in both dia grams.



ties, was of great im por tance. Also in later times horn beam
used simi lar pos si bili ties to ex pand on grounds aban doned
by set tlers of younger cul tural groups.

LATE HOLO CENE, YOUNGER PART WITH
IN CREAS ING AN THRO PO PRES SURE

The younger part of Late Holo cene cor re sponds with the
Subat lan tic chro no zone char ac ter ized by cooler and more
hu mid cli mate. How ever again the de mar ca tion of its lower
bor der is gen er ally based on the ar bi trary chrono logic cri te ria 
along side with not al ways dis tinct enough cli matic cri te ria
(e.g. rec ords of wa ter level rises, Ralska- Jasiewiczowa,
Starkel 1988, Ralska- Jasiewiczowa et al. 1998), and also
with an thro po genic events re sult ing to some ex tent from the
cli mate changes (Ralska- Jasiewiczowa et al. 2003). The
changes of vege ta tion were in that time very dis tinctly con -
nected with the set tle ment pro cesses: e.g. such com posed
fac tors as the in va sions of Scythi ans and the co in ci dent rises
of ground wa ter lev els re sulted in the de cline of the Lu sa tian
cul ture, which was the most wide- spread cul ture in Po land,
char ac ter ized by the high den sity of popu la tion (God³owski,
Koz³owski 1979). Those pro cesses are re flected in pol len
dia grams as the re gen era tion of for est vege ta tion, first of pio -
neer woods and next of de cidu ous for ests with domi nant
horn beam. Around 2000–1800 BP the new set tle ment wave
con nected with the Ro man Pe riod caused again the de for es -
ta tion pro cesses and de vel op ment of an thro po genic vege ta -
tion.

At ca. 1500–1400 BP the new re gen era tion of de cidu ous
for ests and tem po rary re treat of pine ex pand ing un der the in -
flu ence of hu man ac tivi ties have been dis tinctly in di cated,
also on the iso pol len maps (Fig. 4) (Ralska- Jasiewiczowa et
al. 2003, (eds) 2004). These phe nom ena re sulted from the
eth nic move ments of the Mi gra tion Pe riod. How ever al ready
since around 1000 BP an ad vanc ing spread of hu man econ -
omy start to trans form the natu ral en vi ron ment in a pro cess
per sis tent and de vel op ing till nowa days. It gen er ates an os -
ten si ble pic ture re sem bling the ap proach ing end of holo cene
in ter gla cial cy cle: the dis ap pear ance of the de cidu ous for -
ests, and first the mass spread of pine fol lowed by the to tal
de for es ta tion of the whole coun try, and the oc cu pa tion of its
ter ri tory by open vege ta tion (Fig. 4).

Af ter Mako ho ni enko (2004), W. Ma tusz kiewicz (1990)
es ti mates roughly the con tri bu tion of oak- hornbeam with
lime for ests to the po ten tial natu ral plant com mu ni ties of Po -
land at 41.6%, when J.M. Ma tusz kiewicz (2002) shows that
these types of for est com mu ni ties cover at pres ent no more
than 0.2% of the coun try area. The re sults of sy nan thropi za -
tion of the natu ral en vi ron ment lead in this way to its to tal
dev as ta tion.

To sum up the above re marks we should state that those
stra tigraphic bor ders we can dis tin guish in the Holo cene us -
ing the paly no logi cal meth ods have mostly the char ac ter of
broad tran si tional zones. Some of the tra di tion ally ac cepted
bor ders are of ten dif fi cult to ob serve. The most dis tinct and
rec og nized in a broad est geo graphi cal range is the bor der be -
tween the Late Gla cial and the Holo cene. In cen tral Europe
well in di cated are the com plex changes con nected with the
re duc tion of ha zel, ha zel/oak com mu ni ties, and mi gra tions of 

horn beam, beech, partly also fir and in the north- east the late
spread of spruce. The be gin ning of those changes oc curs be -
tween 4000 and 3000 BP (most of ten around 3700 BP), just
in the mid dle of tra di tion ally dis tin guished Sub bo real chro -
no zone (5000–2500 BP, Man ge rud et al. 1974). These are,
how ever, the phe nom ena of re gional char ac ter in its broad
sense. Be sides, from ca. 6000 BP on, it be comes more and
more dif fi cult to sepa rate the vege ta tional changes caused by
hu man ac tivi ties in their dif fer ent as pects, from changes
caused by natu ral fac tors.
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Fig. 4. Iso pol len maps of horn beam (Carp inus), pine (Pinus) and sum of herbs for 1500, 1000 and 100 BP, il lus trat ing the re gen era tion of
de cidu ous for est dur ing the Mi gra tion Pe riod, the fol low ing ex pan sion of pine, and pro gress ing an thro po genic de for es ta tion to wards re cent
times (ac cord ing to Ral ska-Jasiewiczowa et al. (eds) 2004, Lata³owa et al. 2004b, Harmata et al. 2004).
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