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Ab stract
Veg e ta tion changes in the Lower San Val ley near Jaros³aw are re con structed from the Youn ger Dryas to the pres ent
time on the ba sis of palynological anal y sis of the peat core. The pol len pro file came from a an old riverbed and was
sup ple mented by ra dio car bon datings. The Youn ger Dryas and early Preboreal veg e ta tion was char ac ter ised by a high
pro por tion of for est com mu ni ties with pine (Pinus sylvestris and P. cembra) and birch (Betula), while patches of open
area were dom i nated by the steppe with Ar te mi sia. Cli ma tic ame lio ra tion dur ing the Preboreal chronozone led to the
rapid spread of elm (Ulmus), which was prob a bly a dom i nant taxon on the low est ter races of the val ley. Terrestriali-
zation of the wa ter body ex ist ing in the palaeomeaner and the sub se quent be gin ning of peat ac cu mu la tion caused a de -
te ri o ra tion in pol len pres er va tion. Hence, the in ter pre ta tion of the pro file sec tion span ning the pe riod be tween the Bo -
real and Subatlantic chronozones was se ri ously dis turbed due to se lec tive cor ro sion and the overrepresentation of
Pinus sylvestris type and Filicales monolete sporomorphs. Be tween ca. 336 and 1152 AD fluc tu a tions in wood land
cover were re corded. Im por tant com po nents in those for ests, de spite the dom i na tion of Pinus sylvestris, were Quercus, 
Carpinus betulus, Fagus sylvatica and Abies alba. The first pol len grains of ce re als (Cerealia type) were found be fore
ca. 1605–1414 BC and may be at trib uted to the ag ri cul tural ac tiv ity of the Neo lithic and/or early Bronze tribes. Pe ri -
ods of strong de for es ta tion caused by hu mans were prob a bly re lated to the time when the Tarnobrzeska Group of the
Lusatian Cul ture and the Przeworska Cul ture were ac tive. The first groups of Slavs did not sig nif i cantly in flu ence the
en vi ron ment, but the sub se quent de vel op ment of those groups led to more vis i ble de for es ta tion, which was trig gered
af ter the es tab lish ment of Jaros³aw in the 11th cen tury AD.
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IN TRO DUC TION
The area of the east ern part of the Sandomierz Ba sin is

one of the most im por tant routes of taxa dis per sion af ter the
Late Gla cial in Po land and so it has been at trac tive for
palynological stud ies since 1930’s. The first stud ies were
car ried out by Trela (1934) who ana lysed two pro files from
Grodzisko and Wola Zarczycka. How ever, the first com plete 
study of veg e ta tion his tory based on pol len anal y sis in the
Sandomierz Ba sin was made by Mamakowa (1962). In that
pa per most pro files came from the east ern part of the re gion
and only the Podbukowina site was lo cated in the San val ley,
but out side the Sandomierz Ba sin. Fur ther re search was con -
ducted in the palaeomeander in Stubno lo cated south-east of
Jaros³aw. Un for tu nately, only its bot tom part was stud ied and 
at a very low sam ple res o lu tion (comp. Klimek et al. 1997).
Other investigated pol len pro files from the Lower San Val ley 
are lo cated north-west of Jaros³aw, of which Kopki re flects
the Late Ho lo cene suc ces sion (Ba³aga, Taras 2001) and two
other pro files, which were col lected from Wis³ok palaeo-
me an ders in Grodzisko Dolne (Nowe) (Gêbica et al. 2008)
and Grodzisko Nowe (Ko³aczek 2010a), reach Late Gla cial
sed i ments (Figs 1, 2). Yet an other palynological sites which
are lo cated out side the Lower San Val ley, but rel a tively close 

to Jaros³aw (less than 50 km), come from the Mleczka val ley
(Klimek et al. 2006), Markowa (Mamakowa, Wójcik 1999)
and Krasne (Ko³aczek 2007).

The main aim of this re search is a re con struc tion of the
veg e ta tion de vel op ment of the Lower San Val ley in the vi -
cin ity of Jaros³aw dur ing the Late Gla cial and the Ho lo cene
based on pol len anal y sis sup ported by ra dio car bon dat ing.
The part of re sults pre sented in this pa per was sub stan tial part 
of a PhD the sis (Ko³aczek 2010b).

Geo graph ical and bo tan i cal char ac ter is tics
of the stud ied area

The Lower San Val ley is a broad ero sive rill be tween the
San val ley near Przemyœl and its junc tion with the Wis³a near
Sandomierz (Kondracki 2002). Ac cord ing to Wojtanowicz
(1978) the bot tom of the San val ley is made of a three-step
sys tem of ter races. The high est level, at a height of 10–15 m
above the riverbed level, is rep re sented by a ter race built by
sands. The sec ond ter race, at a height of 5–10 m above the
riverbed, orig i nated dur ing the Ho lo cene. There is also a
flood ter race 2–4 m above the riverbed, which is rel a tively
thin and cov ered by al lu vial sands.



Var i ous types of sandy soils e.g. podzolic, brown pod-
zolic and acid brown podzolic cover the higher Ho lo cene ter -
race of the San val ley (Kursa et al. 1988). Pseudosolic soils
and brown soils de vel oped on loamy light sands; peaty and
or ganic rich soils are re stricted only to small ar eas (Ba³aga,
Taras 2001).

The cli mate of the Sandomierz Ba sin was clas si fied by
Romer (1949) to the cat e gory of piedmont cli mates of low -
lands and bas ins, and the area of Jaros³aw is lo cated in more
con ti nen tal zone (Oko³owicz 1973–1978). For the pe riod
1996–2000 AD the mean an nual tem per a ture for the site was
8°C (17.5°C – mean July tem per a ture, –3°C – mean Jan u ary
tem per a ture), and the mean an nual rain fall ranged from 700
to 800 mm (Lorenc ed. 2005).

The dis tri bu tion of for est com mu ni ties in the Sando-
mierz Ba sin area is mainly de ter mined by the ter raced mor -
phol ogy of the val leys. Frag ments of beech-fir and mixed
for ests e.g. Fagetum carpaticum, Querco-Carpinetum,
Pino-Quercetum and Carici elongatae-Alnetum glutinosae
in damp de pres sions and near streams sur vived on the high est 
lev els of the geomorphological units. The Pleis to cene ter race 
is oc cu pied by Vaccinio myrtilli-Pinetum for ests, Pino-
Quercetum for ests and var i ous meadow and mire plant com -
mu ni ties. The Ho lo cene ter races are pe ri od i cally flooded so
that mead ows and wil low thick ets are the main com mu ni ties
in this area (Szafer 1972).

Set tle ment his tory

The main source of in for ma tion about the past set tle ment 
in the vi cin ity of the palaeomeander is the ar chae o log i cal site
dis cov ered in 2008 near the Kruchel Pe³kiñski Street in
Jaros³aw. This site re cords find ings from the Neo lithic ep och
un til the Mod ern Pe riod (Bobak, Pelisiak unpubl.). The first
in for ma tion about hu man ac tiv ity in the Jaros³aw en vi rons
goes back to the times of set tle ment of the Malicka Cul ture
which lasted un til 3600 BC and which was a part of the

Lengeyel-Polgar Cul tural Cy cle. Find ings of this cul ture
were rep re sented by 22 struc tures, mainly small hol lows and
postholes. The econ omy of these peo ple was dom i nated by
ag ri cul ture in the val leys sup ple mented by an i mal breed ing
(Czopek 2003).

The Bronze Age at this site is re vealed by dis tinct traces
of the peo ple of the Mierzanowicka Cul ture. These artifacts
are the most nu mer ous among the whole ar chae o log i cal col -
lec tion. The youn ger pe riod of this ep och is rep re sented by
oc cur rences dat ing back to the time of the de vel op ment of the 
Tarnobrzeska Group of the Lusatian Cul ture. What is more,
10 ob jects re lated to the Scythians were found. This is prob a -
bly an ef fect of con tacts and cul tural ex change be tween the
in dig e nous tribes and the Scythians who oc cu pied south-
east ern Eu rope (Bobak, Pelisiak unpubl.).

In the youn gest phase of the pe riod of the Tarnobrzeska
Group of the Lusatian Cul ture (5th–4th cen tury BC) an abrupt
set tle ment cri sis took place and lasted un til 1st–2nd cen tury
AD (Czopek 1998).

The Ro man Pe riod brought an eco nomic and de mo -
graphic re vival, which is re flected in nu mer ous oc cur rences
of the Przeworska Cul ture at the ar chae o log i cal site (Bobak,
Pelisiak unpubl.). A very broad spec trum of data about set tle -
ment dur ing this pe riod was pro vided by sur veys of the ar -
chae o log i cal site at the Saint Nich o las Hill (Wzgórze Œwiê-
tego Miko³aja). The col lec tion of artifacts con tains pot tery,
frag ments of a glass gob let, a fib ula and a Trajan denar
minted in 1st cen tury AD (Kieferling 1999). The de cline in
the Przeworska Cul ture in south-east ern Po land was abrupt
and oc curred af ter strong eco nomic and set tle ment de vel op -
ment (God³owski 1985).
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Fig. 1. Map of the Jaros³aw-Kruchel site lo ca tion. 1 – place of the
pro file col lec tion, 2 – lo ca tion of the ar chae o log i cal site, 3 – rivers
and streams, 4 – vil lages and towns, 5 – roads, 6 – rail ways.

Fig. 2. Map of palynological sites in the east ern part of the
Sandomierz Ba sin cited in the text. 1 – Jaros³aw-Kruchel (pre sented 
in this pa per), 2 – Grodzisko Nowe, 3 – Grodzisko Dolne (Nowe), 4
– Stubno, 5 – Podbukowina, 6 – Kopki, 7 – Mleczka, 8 – Markowa,
9 – Krasne, 10 – Œwilcza.



In the time be fore the reign of the Piast dy nasty the area
of Jaros³aw was oc cu pied by the Lendians tribe and this area
was un der the con trol of the rul ers from Bo he mia, Po land and 
Rus sia. In 1031, ac cord ing to tra di tion, Yaroslav I The Wise
– the Grand Prince of Novgorod and Kiev es tab lished for ti -
fied set tle ment there (http://www.jaroslaw.pl/historia-mia-
sta). Con tem po rary set tle ment had been de vel op ing on St
Nich o las Hill, but in 1375 it was trans ferred into a town on a
neigh bour ing hill (Kieferling 1999). The first in for ma tion
about mu nic i pal sta tus granted to the town come from 1323
(the pe riod of Rus sian rule). The full and well-doc u mented
es tab lish ment of the town un der the Magdeburgian law was
granted by prince W³adys³aw Opolczyk in 1375. The town of 
Jaros³aw was lo cated on the cross roads of trade routes from
Silesia to the Rus’ and from Gdañsk (Danzig) to Hun gary and 
at the be gin ning of the 15th cen tury it was a sig nif i cant trade
and craft cen tre. The great est pros per ity of the town be tween
the 16th an 17th cen tury was con nected with the fairs which
were the most splen did in the whole of Po land (http://www.
jaroslaw.pl/historia-miasta). Now a days, Jaros³aw is a lo cal
gov ern ment cen tre and cov ers an area of 34.46 km2 within
the Podkarpackie voivodship.

MA TE RIAL AND METH ODS

Col lect ing of the pro file from Jaros³aw-Kruchel was
done in 1998 by A. Wójcik us ing an Instrorf (Rus sian type)
sam pler dur ing prep a ra tions of the ‘De tailed Geo log i cal Map 
of Po land 1:50000, Jaros³aw sheet’ (Malata, Wójcik 1998).
The place where the pro file was col lected was at an al ti tude
of 183 m a.s.l. (50°02’25"N, 22°39’03"E), within a palaeo-
me an der of the San. The re mains of the core, af ter sam pling
at in ter vals of 5 cm, were de stroyed and the au thor re ceived
ma te rial only as 1 cm3 sam ples from Prof. K. Szczepanek.

59 sam ples (1 cm3 each) were se lected and pre pared with 
stan dard prep a ra tion pro ce dure and then acetolysis was ap -
plied (Berglund, Ralska-Jasiewiczowa 1986). To ev ery sam -
ple a weighed Lycopodium tab let was added for fur ther
cal cu la tions of pol len con cen tra tion (Stockmarr 1971). More 
than 500 ar bo real pol len grains (oc ca sion ally 200 in sam ples
with low pol len con cen tra tions) per sam ple were counted at
400× and 1000× mag ni fi ca tion.

The pol len taxa were de ter mined with the as sis tance of
the mod ern pol len slide col lec tion of the W³adys³aw Szafer
In sti tute of Bot any, Pol ish Acad emy of Sci ence, and spe cial
keys and at lases (Beug 2004, Reille 1992, Moore et al. 1991,
Punt 1975). The taxa were iden ti fied to the low est pos si ble
level and the no men cla ture used fol lows the men tioned keys
and man u als. The per cent age val ues of in di vid ual taxa were
cal cu lated in the ra tio to AP+NAP ex clud ing Poaceae
undiff., telmatophyte (with Cyperaceae) and limnophyte pol -
len, as well as the spores of cryp to gams. Poaceae undiff. were 
ex cluded from the to tal pol len sum be cause of their high
num bers in the Preboreal chronozone and the prob lem with
dis tin guish ing Phragmites aus tra lis type from this group.
The per cent ages of ex cluded taxa were cal cu lated in the ra tio
to AP+NAP+taxon. Dur ing the pol len anal y sis ev ery grami-
naceous grain which had a di am e ter >37 µm and a min i mum
di am e ter an nu lus of 8 µm was taken, ac cord ing to Beug’s
(2004) sug ges tion, to be pol len of Cerealia type. The high

pro por tions of Poaceae undiff. grains with a di am e ter of be -
tween 21 and 26 µm, which were de tected es pe cially in the
Preboreal sec tion of the pro file, caused prob lems with their
clas si fi ca tion as Phragmites aus tra lis type. De spite dis crep -
an cies with the di ag no sis of this type (com pare Faegri,
Iversen 1989, Beug 2004), a max i mal grain di am e ter of 23
µm was ac cepted for grains of Phragmites aus tra lis type.
Pol len di a grams were plot ted us ing POLPAL soft ware (Na-
lepka, Walanus 2003).

RE SULTS

Li thol ogy of the pro file

The an a lyzed core has been de scribed by A. Wójcik (Fig. 
3a, b). Un for tu nately, small amount of ma te rial ob tained by
the au thor were in suf fi cient for more de tailed de scrip tion.
0–100 cm strongly de com posed peat, black
100–160 cm de com posed peat, dark brown
160–170 cm lac us trine marl
170–180 cm strongly de com posed peat, dark brown
180–190 cm gyttja with an ad mix ture of peat
190–225 cm de com posed peat with nu mer ous find ings of
molluscs
225–235 cm de com posed peat, brown
235–240 cm de com posed peat with ad mix ture of silt
240–295 cm de com posed peat, brown
295–310 cm de com posed peat, brown, lighter with molluscs’ 
shells
310–360 cm de com posed peat, brown
360–370 cm strongly de com posed peat, dark brown, black
375–400 cm strongly de com posed peat, black
400–430 cm de com posed peat, brown (wood frag ments?)
430–438 cm strongly de com posed peat, dark brown
438–450 cm de com posed peat, light brown
450–495 cm strongly de com posed peat, brown and black
with mar ble struc ture
495–500 cm de com posed peat, brown, strongly com pressed
500–510 cm strongly de com posed peat, black
510–603 cm cal car e ous gyttja with nu mer ous find ings of
molluscs
603–621 cm cal car e ous silt
621–626 cm silt, dark
626–627 cm sand.

Ra dio car bon dat ing

Ra dio car bon dates were ob tained in the Poznañ Ra dio -
car bon Lab o ra tory and were cal i brated us ing the OxCal pro -
gram v 4.1 (Bronk Ramsey 2009) ac cord ing to the cal i bra tion 
curve IntCal 09 (Reimer et al. 2009). The re sults are pre -
sented in Ta ble 1.

Ra dio car bon dates Poz-26439 and Poz-27937 were
clearly not rep re sen ta tive, so they were ex cluded from the
pro file in ter pre ta tion. It is likely that un iden ti fied plant re -
mains which were cho sen for the Poz-26439 dat ing which
had seemed to be the stems of the her ba ceous plants were in
fact frag ments of roots. A frag ment of bark se lected for the
Poz-27937 dat ing was prob a bly rebedded by the river dur ing
a flood or by ero sion pro cesses from the higher el e va tion of
the neigh bour ing loess foot hills.
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The other ra dio car bon dates which are cited in the pa per
were also cal i brated in ac cor dance with the above-men tioned 
method.

Palynological anal y sis

The pol len di a gram (Fig. 3a, b) was di vided into lo cal
pol len as sem blage zones (L PAZ) ac cord ing to Birks (1979,
1986) and Janczyk-Kopikowa (1987). The chro nol ogy of the 
pro file was es tab lished on the ba sis of ra dio car bon dat ing
and cor re la tion with ra dio car bon dated pro files from the
Lower San Val ley and the neigh bour ing area (Ko³aczek
2007, 2010, Gêbica et al. 2008, Klimek et al. 2006, Ba³aga,
Taras 2001). The di a gram was also di vided into the chrono-
zones pro posed by Mangerud et al. (1974). The re sults are
pre sented in Ta ble 2.

DIS CUS SION

Veg e ta tion his tory in the vi cin ity of Jaros³aw and
palaeomeander de vel op ment

Youn ger Dryas chronozone (~10700–9550 BC)

JK-1a. Pinus-Betula (Ar te mi sia). The area of the val ley
was over grown by Pinus-Betula for ests and/or steppe-for -
ests. Im por tant el e ments in these were Pinus cembra and
Larix – a taxon, ac cord ing to Jankovská (1995), strongly in -
dic a tive of its in situ oc cur rence. In open ar eas there were
also patches of steppe veg e ta tion where the dom i nant Ar te -
mi sia co ex isted with Plantago ma jor and P. me dia, and
mem bers of the Chenopodiaceae fam ily, Anthemis type and
Helianthemum oelandicum type. The sec ond im por tant kind
of open com mu ni ties were Juniperus thick ets. Patches of
tun dra with Betula nana, as well as Salix thick ets may have
oc curred in more hu mid sites and in the sur round ings of the
ox bow lake. The lit to ral zone of the wa ter body was dom i -
nated by Myriophyllum verticillatum to gether with mem bers
of Potamogeton subgen. Eupotamogeton, and Lemnaceae,
while Hydrocharis morsus-ranae cov ered the wa ter ta ble.

Preboreal chronozone (~9550–8250 BC)

JK-1b. Pinus-Betula (Pinus cembra). Cli ma tic and eda-
phic ame lio ra tion con nected with the be gin ning of the Pre-

bo real caused the spread of wood lands in which Pinus cem-
bra main tained its oc cur rence which is a unique phe nom e -
non in the area of the San val ley (see Ko³aczek 2010,
Klimek et al. 1997). On the con trary Larix prob a bly dis ap -
peared there. Populus, Picea abies and Alnus may have oc -
curred as ad di tional el e ments on the lower ter race of the
val ley. Light de mand ing com mu ni ties with Ar te mi sia, Che- 
nopodiaceae, Pleurospermum austriacum and Juniperus
vis i bly re treated. The wet ter open hab i tats were cov ered by
com mu ni ties with Filipendula and Thalictrum. The depth
of  the ox bow lake de creased, which en abled Hippuris vul-
garis to ex pand.

JK-2. Betula-Ulmus. Birch and elm prob a bly spread
over the pre vi ously open ar eas. The lat ter most likely oc cu -
pied the low est lev els of the val ley where it may have been a
dom i nant el e ment and a sub stan tial com po nent of wood -
lands in the up per ter races of the val ley as well. On the other
hand, Populus might have played an im por tant role in these
com mu ni ties and its low per cent age curve may con firm the
more nu mer ous oc cur rence of this rather poorly rep re sented 
taxon in the pol len spec tra (Filbrant-Czaja et al. 2004).
Char ac ter is tic com po nents of that ri par ian for est were
Humulus lupulus and Urtica. The pres ence of Lilium marta- 
gon, a taxon now a days in dic a tive of the Fagetalia silvati-
ceae or der (meso- and eutrophic de cid u ous for ests of mid -
dle and East ern Eu rope) sug gests that woods with Ulmus
may have been a pri mary hab i tat of this lily af ter the Late
Gla cial in Cen tral Eu rope. Ac cord ing to Matuszkiewicz
(2005) the Alno- Ulmion al li ance – con tain ing ri par ian for -
ests with Ulmus mi nor – is the only one be long ing to
Fagetalia sylvaticeae where elm is an im por tant com po nent 
of for ests. Frag ments of steppe veg e ta tion with Ar te mi sia,
Chenopodiaceae and Pleurospermum austriacum were still
pres ent, as well as taxa as so ci ated with tun dra e.g. Betula
nana and Dryas octopetala. Light-de mand ing thick ets with
a relic pop u la tion of Hippophaë rhamnoides to gether with
Rhamnus catharticus oc cu pied the sun-ex posed slopes of
the val ley. Nympahaea alba and Nuphar luteum prob a bly
dis placed Myriophyllum verticillatum and lim ited the oc -
cur rence of mem bers of Potamogeton subgen. Eupotamo-
geton in the wa ter body. A de crease in the wa ter ta ble level
en abled Phragmites australis to ex pand on the sur face of
the ba sin.

28 P. KO£ACZEK

Ta ble 1
Ra dio car bon dates from the Jaros³aw-Kruchel pro file

Lab. No
Depth
(cm)

Ma te rial
Age 

(14C BP)
Cal i brated age

 95.4% prob a bil ity

Poz-26441 45 Un iden ti fied frag ment of leaf (mono cot y le dons) 1005±30
977AD (76.4%) 1050AD

1082AD (14.5%) 1125AD
1136AD ( 4.5%) 1152AD

Poz-30514 215 Un iden ti fied frag ment of leaf (mono cot y le dons) 1640±30
336AD (77.7%) 471AD
476AD (17.7%) 534AD

Poz-26440 265 Un iden ti fied frag ment of leaf (mono cot y le dons) 3215±35
1605BC ( 4.3%) 1576BC
1536BC (91.1%) 1414BC

Poz-26439 530 Un iden ti fied plant re mains 3135±35
1496BC (83.9%) 1370BC
1356BC (11.5%) 1316BC

Poz-27937 540 Frag ment of bark 11860±100 11976BC (95.4%) 11492BC
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Ta ble 2
Jaros³aw-Kruchel. De scrip tion of lo cal pol len as sem blage zones (L PAZ)

L PAZ.
Depth 

De scrip tion of pol len spec tra
Top bound ary

de scrip tion

JK-5.
Pinus-NAP. 75-1 
cm

Sta ble val ues of Pinus sylvestris type, de crease in Fagus sylvatica, Abies alba, Alnus undiff. and Ulmus. The stron -
gest in crease in NAP; Cerealia type (5%), Secale cereale (4%), Brassicaceae undiff. (11%), Cichorioideae (6.5%),
Chenopodiaceae (1.9%), Centaurea cyanus (2%) have the high est per cent ages in di a gram among them; ap pear ance
of Fagopyrum esculentum type. Low per cent age curves of Anthoceros and Phaeoceros; in crease in Sphag num; drop 
in Filicales monolete. Potamogeton subgen. Eupotamogeton are more fre quent. Max i mum val ues of Pediastrum du -
plex var. rugulosum (1.7%) and Botryococcus undiff. (4.3%). Cor roded sporomorphs: 16-45.5%.

JK-4.
Pinus-Quercus-
Alnus.
320-75 cm

Fluc tu a tion in high val ues of Pinus sylvestris type and Quercus; the high est val ues of Alnus undiff.

Be gin ning of
sta ble rise in
NAP

JK-4f. Fagus.
95-75 cm.

In crease in Fagus sylvatica (max. 9.5%) and Pinus sylvestris type; fall in Betula undiff., Quercus and Carpinus
betulus. Rise in Cyperaceae undiff., de crease in Poaceae undiff., con tin u ous low-per cent age curve of Cerealia type.
Drop in Phragmites aus tra lis type  Pediastrum undiff, Pediastrum integrum (max. 3.2%), Pediastrum du plex var.
rugulosum and Botryococcus undiff. oc cur.

JK-4e. Quercus
125-95 cm

Sharp rise in Quercus (28.5%); max i mum fre quency of Abies alba (4.5%); in crease in Betula undiff., Carpinus
betulus and Fagus sylvatica; de crease in Pinus sylvestris type. De crease in Cyperaceae undiff., Ar te mi sia, Cerealia
type, Cichorioideae, Cirsium/Carduus, Thalictrum and Filipendula; rise in Poaceae undiff., Rumex acetosa type,
Brassicaceae and Caltha. Rise in Phragmites aus tra lis type. Fall in cor roded sporomorphs: 19-23.5%.

JK-4d. Pinus.
155-125 cm

Rise in Pinus sylvestris type; drop in Carpinus betulus, Fagus sylvatica, Quercus, Corylus avellana and Fraxinus
ex cel sior. De crease in Cyperaceae undiff., in crease in Poaceae undiff., max i mum val ues of Cirsium/Carduus and
Thalictrum; con tin u ous curve of Cerealia type, higher per cent ages of Cichorioidae, slight in crease in Ar te mi sia; de -
crease in Rumex acetosa type and Plantago lanceolata. Reg u lar curves of Filicales monolete and Pteridium
aquilinum, dis ap pear ance of Equisetum. Sin gle cenobia of Pediastrum undiff. and Pediastrum du plex var.
rugulosum. Cor roded sporomorphs: 32.5-49.5%.

JK-4c.
Carpinus-Fagus.
195-155 cm

Dis tinct in crease in Carpinus betulus (max. 19%), first peak of Fagus sylvatica, max i mum val ues of Alnus undiff.
(11%); con tin u ous curve of Abies alba.
De crease in Urtica, max i mum fre quency of Rumex acetosa type (2%) and Plantago lanceolata (1.5%); Cerealia
type in most of spec tra. De cline in Typha latifolia and cf. Cyperus. Con tin u ous curve of Equisetum (max. 6.5%, in
the lower part). Sin gle Botryococcus undiff. Cor roded sporomorphs: 12-40.5%.

JK-4b. Picea.
265-195 cm

In crease and de crease in Pinus sylvestris type; rise in Picea abies (max. 6%), the high est val ues of Tilia cordata
type (3.2%), Carpinus betulus, Fagus sylvatica and Salix undiff.; de crease in Corylus avellana, Quercus and
Ulmus; sta ble oc cur rence of Acer in the up per part of the subzone. Rise in Urtica and As ter type (max. 10%);
Cerealia type, Rumex acetosa type and Plantago lanceolata form con tin u ous curves. Among telmatophytes cf.
Cyperus dom i nates (0-17%), max i mum val ues and continous curve of Typha latifolia (2%), dis ap pear ance of
Alisma type; reg u lar curve of Potamogeton subgen. Eupotamogeton, the high est val ues of Lemna type (1.3%) in the 
up per part of the subzone. De cline in Filicales monolete and Pteridium aquilinum. Sin gu lar Pediastrum boryanum
var. longicorne and Botryococcus cf. neglectus in the bot tom part. Cor roded sporomorphs: 24.5-42.5%.

JK-4a. Corylus.
320-265 cm.

De cline in Pinus sylvestris type; rise in Quercus (up to 25%), Corylus avellana, Alnus undiff., Fraxinus ex cel sior
and Picea abies; ap pear ance of Fagus sylvatica and Carpinus betulus. High fre quency of Cyperaceae undiff., fall in 
Asteroideae undiff., slight in crease in Ar te mi sia. Ap pear ance of Alisma type (max. 1.6%), Potamogeton subgen.
Eupotamogeton al most in each spec trum. De crease in Filicales monolete, reg u lar curve and max i mum fre quency of
Pteridium aquilinum (5.5%). Fall in val ues of cor roded sporomorphes.

JK-3. Pinus. 
507.5-320 cm

Dom i na tion of Pinus sylvestris type and Filicales monolete
Rise in
Quercus

JK-3c.
Asteroidae.
380-320 cm

De cline in Corylus avellana and Betula undiff (min. 2%). Max i mum and fluc tu a tion in Asteroidae undiff. fre quency 
(17.5%), fall in Poaceae undiff, fluc tu a tion in Cyperaceae undiff. High per cent ages of Filicales monolete; reg u lar
curve of Pteridium aquilinum (1.5-4%). Max i mum val ues of cor roded sporomorphs (62.5%).

JK-3b. Corylus.
455-380 cm

Fluc tu a tion of Pinus sylvestris type; in crease in Corylus avellana (5.5-11.5%), Quercus and Alnus undiff.; max i -
mum of Fraxinus ex cel sior in the up per part (9.5%);  Cyperaceae undiff. rise in the up per part to its max i mal val ues
(48.5%); fluc tu a tion in Poaceae undiff. curve. In the lower part of the subzone high per cent age peaks of
Menyanthes tri foli ata (max. 5%) val ues co in cided with oc cur rence of Utricularia. Fluc tu a tion and max i mum of
Filicales monolete (74%), dis ap pear ance of Thelypteris palustris curve in the up per part of subzone; sin gu lar spores 
of Pteridium aquilinum.

JK-3a. Poaceae
507.5-455 cm

Max i mum val ues of Pinus sylvestris type (76%); sharp fall in Betula undiff., Ulmus and Populus, in crease in Picea
abies, Corylus avellana and Quercus.
Af ter max i mum de crease in Poaceae undiff. per cent ages (max. 52.5%); rise in Cyperaceae undiff. and Galium type.
De crease in Phragmites aus tra lis type; sin gu lar grains of limno- and telmatophytes. Sharp rise in Filicales monolete 
and Thelypteris palustris (max. 55.5%) per cent ages, de clin ing trend of the lat ter. Cor roded sporomorphs are vis i bly
more fre quented.



Bo real chronozone (~8250–6950 BP)

JK-3a. Pinus (Poaceae). Rap idly ex pand ing pine, which
dis placed birch and elm from most of their sites, prob a bly
built ho mo ge neous com mu ni ties which dom i nated in the
land scape, sim i larly to the site from Grodzisko Nowe (Ko-
³aczek 2010). Spruce was an im por tant com po nent of re -
mains of for ests lo cated in wet ter places, where it co ex isted
with elm. The per cent age val ues of Picea abies are com pat i -
ble with isopollen maps for the older part of Bo real chrono-
zone (Obidowicz et al. 2004). A rapid de crease in the fre -
quency of wa ter cor re lated with the ex pan sion of Thelypteris
palustris, as well as Poaceae undiff. sug gests terrestriali-
zation of the wa ter body. A rapid de crease in elm might have
also been an ef fect of de te ri o ra tion of pol len pres er va tion on
the JK-2/JK-3a bound ary, so a rise in pine could have been
caused by eas ier iden ti fi ca tion of its corroded sporomorphs
in comparison with other taxa.

JK-3b. Pinus (Corylus). Ha zel (Corylus avellana) spread
in the understorey of pine for ests in which oak (Quercus) was
more fre quent. Ash (Fraxinus ex cel sior) be came more com -
mon in ri par ian for ests ex ist ing on the low est ter race. More -
over, its pol len fre quency ex ceeds vis i bly pat terns pre sented
in the isopollen maps (comp. Tobolski, Nalepka 2004). On
the sur face of the fen, Menyanthes tri foli ata to gether with
Polypodiaceae (Filicales monolete) oc curred dur ing the
older part of the subzone. A de crease in the fre quency of
Thelypteris palustris spores may have been caused by the
cor ro sion of peri spores. Si mul ta neously, the curve of Filica-
les monolete reaches very high lev els. Small eutrophic wa ter
body (or bod ies) was over grown by Utricularia, Potamoge-
ton subgen. Eupotamogeton and Nymphaea alba in this part
of the subzone.

At lan tic chronozone (~6950–3750 BC)

JK-3c. Pinus (Asteroideae). The high est fre quency of
cor roded sporomorphs, the strong de com po si tion of peat and 

the lack of wa ter taxa pol len sug gest a fluc tu a tion in the wa ter 
ta ble level, or even the dis ap pear ance of wa ter body(ies).
Bracken (Pteridium aquilinum) ex panded prob a bly on the
des ic cated parts of the mire. Mem bers of Asteroideae were
an im por tant com po nent of the herbal flora over grow ing the
fen sur face. High val ues of Pinus sylvestris type may be the
ef fect of the dom i na tion of this taxon in wood lands as well as
an ef fect of strong and se lec tive sporomorphs’ cor ro sion,
which fa vours grains of Pinus sylvestris type. Al though pol -
len grains of this taxon are rather weakly re sis tant to com pac -
tion (Camp bell 1999), they are easy to iden tify even when
badly de stroyed (per sonal observ.). Sim i lar sit u a tion was ob -
served in pro files from Krasne (Ko³aczek 2007) and Gro-
dzisko Nowe (Ko³aczek 2010). The fact of strong cor ro sion
of pol len ma te rial pre vents from a re li able reconstruction of
vegetation history in this part of the profile.

Subboreal chronozone be tween ~3750 and ~1500 BC

JK-4a. Pinus-Quercus-Alnus (Corylus). Oak vis i bly ex -
panded into the pine for ests, while on the low est ter races al -
der be came the more fre quent taxon. A new el e ment of the
wood lands were prob a bly horn beam (Carpinus betulus) and
beech (Fagus sylvatica). An in crease in the wa ter ta ble level
led to the re vival of small wa ter body(ies) oc cu pied by mem -
bers of Potamogeton subgen. Eupotamogeton.

Youn ger Subboreal and the older part of Subatlantic
chronozone (~1500 BC–400 AD)

JK-4b. Pinus-Quercus-Alnus (Picea). Si mul ta neously to 
the in crease in the dis tri bu tion of spruce (Picea abies), horn -
beam and fir (Abies alba) be came more com mon in wood -
lands. The spread of spruce in for est com mu ni ties caused a
de crease in the avail abil ity of light in the understorey of the
for ests and a re treat of Corylus avellana (comp. Miotk-
Szpiganowicz et al. 2004). Dur ing this subzone vis i ble for est 
clear ings caused by hu man ac tiv ity were re corded. Ar a ble
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Ta ble 2 continued

L PAZ.
Depth 

De scrip tion of pol len spec tra
Top bound ary

de scrip tion

JK-2.
Betula-Ulmus.
590-507.5 cm

Grad ual in crease in Ulmus to its max i mum (22%); af ter max i mum val ues of Betula undiff. (52%) de crease in per -
cent ages; sta ble oc cur rence of Populus (max. 2%); sin gu lar find ings of Betula nana type. The low est per cent ages of 
Cyperaceae undiff. (min. 1.5%), high val ues of Poaceae; max i mum val ues of Humulus/Can na bis (0.7%), de crease
in Urtica and Filipendula..Among telmato- and limnophytes dom i na tion of Phragmites aus tra lis type (max.
37.5%); ap pear ance of Nuphar (max. 3%), grad ual in crease in Nymphaea alba (max. 5%); disapearance of Hippuris 
vulgaris and Myriophyllum vericillatum, de cline in Potamogeton subgen. Eupotamogeton. Sta ble curves of
Thelypteris palustris and Filicales monolete, max i mum fre quency of Dryopteris filix-mas (1.2%).

Sharp de crease
in Betula
undiff. and
Ulmus, rise in
Pinus sylvestris
type

JK-1.
Pinus-Betula.
635-590 cm

Dom i na tion of Pinus sylvestris type (35-55.5%), Betula undiff.(24.5-35.5%), high per cent ages of Pinus cembra
type. Among limnophytes Myriophyllum verticillatum dom i nates.

Sharp de crease
in Pinus
cembra type

JK-1b. Pinus

cembra.
612.5-590 cm

Sta ble val ues of Pinus cembra type; de crease in Juniperus and Larix; slight in crease in Populus, Ulmus and Picea
abies; High per cent ages of Poaceae undiff.; rise in Urtica and Filipendula (max. 3%); fall in Ar te mi sia; reg u lar oc -
cur rence of Pleurospermum austriacum. Vis i ble in crease in Phragmites aus tra lis type; max i mum val ues of
Hippuris vulgaris (11 %); in crease in Typha latifolia; Af ter peak of curve fall in Myriophyllum verticillatum, de -
crease in Potamogeton subgen. Eupotamogeton.

JK-1a. Ar te mi sia. 
635-612.5 cm

The high est val ues of Pinus cembra type (7.5%), Larix (1.85%) and Juniperus (1.6%) in pro file; sta ble de crease in
Salix undiff.; reg u lar but not nu mer ous grains of Betula nana type; Max i mum val ues of Ar te mi sia (12.5%) and
Apiaceae undiff. (7.5%). Vis i ble in crease in Poaceae undiff.; reg u lar val ues of Chenopodiaceae, Plantago ma jor
and P. me dia. Af ter max i mum, sharp de crease in Myriophyllum verticillatum (down from 22.5%), max i mum val ues
of Potamogeton subgen. Eupotamogeton (5.7%); Ranunculus trichophyllus and Lemna type in most of spec tra. Sin -
gu lar spores of Filicales monolete.



fields with pas tures and/or mown mead ows were a more
com mon el e ment of the land scape. These pro cesses led to
stron ger ni tri fi ca tion and the de vel op ment of com mu ni ties
with Urtica. Im prove ment of wa ter con di tions on the fen
caused the en large ment of wa ter body(ies) and the sub se -
quent spread of Potamogeton and mem bers of the Lem-
naceae fam ily. Cyperaceae (from the Cyperus ge nus) and
Typha latifolia became more numerous in belts of rushes.

Subatlantic chronozone be tween ~400 and ~1050 AD

JK-4c. Pinus-Quercus-Alnus (Carpinus-Fagus). Horn -
beam (Carpinus betulus) ex panded rap idly and prob a bly col -
o nized fal low lands. The same hab i tats might have en abled
beech (Fagus sylvatica) to spread. Al though open ar eas were
re duced, ar a ble fields, pas tures and mown mead ows were
pres ent in the land scape of this part of the San val ley. An in -
crease in the wa ter level and its fluc tu a tion are vis i ble in the
con ver sion of peat into a mix of lac us trine chalk, peat and
gyttja, yet this is cor re lated with the dis ap pear ance of com -
mu ni ties from the Potametalia class. Only sin gle find ings of
Lemnaceae and Botryococcus undiff. in di cate the ex is tence
of a wa ter body, so it sug gests a rather strongly eutrophic or
dystrophic char ac ter of the pool (Jankovská, Komárek 2000)
and/or in suf fi cient con di tions for the pres er va tion of the wa -
ter taxa pol len. Telmatic mem bers of Equisetum were an im -
por tant component of vegetation surrounding this water
basin.

JK-4d. Pinus-Quercus-Alnus (Pinus). A fall in the level
of the wa ter ta ble caused a de te ri o ra tion of sporomorphs
pres er va tion. More over, this phe nom e non was si mul ta neous
with anthropogenically-in duced de for es ta tion, which was
less se ri ous in the ar eas cov ered by al der carrs and ri par ian
for ests. Dryer con di tions on the fen en abled the spread of
taxa re lated to wet mead ows e.g. Cirsium/Carduus, Thali-
ctrum, Valeriana officinalis type and Filipendula. Tem po ral
fluc tu a tions in the wa ter level are vis i ble in the pres ence of
the cenobia of Pediastrum undiff. and Pediastrum du plex
var. rugulosum.

JK-4e. Pinus-Quercus-Alnus (Quercus). Dur ing this
subzone, a re vival of wood lands in which oak (Quercus)
played an im por tant role, took place and it prob a bly re placed
pine from some com mu ni ties. Its per cent age val ues sig nif i -
cantly ex ceed those pre sented in the isopollen maps for this
pe riod (Milecka et al. 2004). Aban doned ar a ble fields were
prob a bly col o nized by birch and horn beam. Fir (Abies alba)
to gether with beech might have formed frag ments of for ests
on the high est ter race of the val ley and the neigh bour ing
sum mits of the Rzeszów Foot hills. The mire was char ac ter -
ised by rather dry con di tions con firmed by the lack of wa ter
taxa and/or al gae spec i mens. This prob a bly con trib uted to
the spread of Phragmites aus tra lis on the fen surface.

JK-4f. Pinus-Quercus-Alnus (Fagus). Grad ual de for es -
ta tion con sid er ably af fected for ests dom i nated by oak. More -
over, the si mul ta neous ex ten sion of beech dis tri bu tion may
con firm the se lec tive cut ting down of Quercus spec i mens.
Sea sonal fluc tu a tions in wa ter ta ble depth and/or the ex is -
tence of tem po ral wa ter bod ies are con firmed by the pres ence 
of sin gle grains of Lemna type and Utricularia as well as
mem bers of the Pediastrum and Botryococcus genera.

Youn ger part of Subatlantic chronozone (youn ger than
~1050 AD)

JK-5. Pinus-NAP. An in crease in anthropogenic ac tiv ity 
trig gered the stron gest de for es ta tion re corded over the whole 
Ho lo cene which af fected ev ery type of wood lands in the
neigh bour ing area. Ar a ble fields, pas tures and mown mead -
ows were the most wide spread com po nent in the land scape.
The wa ter bod ies re cov ered and were col o nized by mem bers
of the Eupotamogeton sub ge nus among which Nymphaea
alba and Nuphar (and maybe N. pumila) grew pe ri od i cally.
The eutrophic con di tions of these res er voirs en abled the oc -
cur rence of al gae e.g. Pediastrum du plex var. rugulosum and
Botryococcus (Jankovská, Komárek 2000).

Anal y sis of set tle ment phases dur ing the Ho lo cene
in the vi cin ity of Jaros³aw in a re gional con text

The first gramineous pol len grain with di men sions of
Cerealia type was de tected at a depth of 620 cm in the
Preboreal chronozone (Fig. 3b). It prob a bly came from one
of the wild grass gen era e.g. Glyceria, whose mem bers oc cur
in hu mid or wet hab i tats and pro duce this kind of pol len
(Beug 2004).

In Phase A (265–340 cm, AT/SB tran si tion, Fig. 4) the
first sin gle grains of Cerealia type, which were prob a bly the
ef fect of hu man ac tiv ity, were de tected. An in crease in the
num ber of bracken (Pteridium aquilinum) spores si mul ta -
neous with a slight in crease in char coal con cen tra tion may
sug gest the oc cur rence of lo cal fires. Soil acid i fi ca tion af ter
fires fa vours ger mi na tion of these spores, so that young
plants ap pear in great num bers on soils fer til ized by ash
(Oberdorfer 1990, Page 1986). The oc cur rence of Ar te mi sia,
Trifolium repens type and Rumex acetosa type may con firm
the ex is tence of patches of de for ested area. These pro cesses
were prob a bly con nected with hu man ac tiv ity from the Neo -
lithic and/or Early Bronze cul tures of which the old est traces
found at the ar chae o log i cal site came from the Malicka Cul -
ture (Neo lithic) (Bobak, Pelisiak unpubl.). How ever, the
most nu mer ous find ings came from the Mierzanowicka Cul -
ture (Early Bronze). Un for tu nately, the pol len ma te rial in this 
sec tion of the pro file is highly cor roded, so that there may
pos si bly be sev eral dis con ti nu ities. Palynological traces of
the prob a ble ag ri cul tural ac tiv ity of Neo lithic tribes were de -
tected in Krasne but the few ra dio car bon datings in this
profile prevented a more detailed correlation with specific
cultures (Ko³aczek 2007).

Phase B (265–245 cm) shows more vis i ble de for es ta tion
re vealed in the ex pan sion of open ground herbs. The cul ti va -
tion of ce re als seems to have been more ex tended, and
ruderal com mu ni ties with Polygonum aviculare and Urtica,
which could also ex ist in ri par ian for ests, were more com mon 
than in the pre vi ous phase. A slight in crease in Rumex
acetosa type and Plantago lanceolata might point to the ex -
ten sion of ar eas ex ploited as mown mead ows and/or graz ing
ar eas (comp. Makohonienko et al. 1998). In this phase the
first rise in Carpinus betulus and Fagus sylvatica could have
been con nected with anthropogenic dis tur bances to for est
com mu ni ties (comp. Lata³owa et al. 2004, Ralska-Jasie-
wiczowa, Van Geel 1998). Those pro cesses may be af fected
by the ac tiv ity of the Tarnobrzeska Group of The Lusatian
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Cul ture. The pe riod of these peo ple’s set tle ment in the Gro-
dzisko Nowe (Ko³aczek 2010) as well as in the Kopki (Ba-
³aga, Taras 2001) pro file was char ac ter ized by higher val ues
of horn beam, es pe cially a dis tinct peak (>15%) which is
recorded in the profile from Kopki.

Phase C (245–225 cm) re flects the re cov ery of wood land 
cover. How ever, the tax o nom i cal com po si tion of open area
herbs sim i lar to Phase B as well as oc cur rences of Cerealia
type pol len con firms hu man ac tiv ity. More over, Pinus syl-
vestris type is the only ar bo real taxon that in creased in this
pe riod and this is cor re lated with a rise in the fre quency of
cor roded sporomorphs, so this may sug gest se lec tive cor ro -
sion as the main fac tor in the com po si tion of the pol len spec -
tra in this sec tion of the pro file. Phase C is prob a bly re lated to
the pe riod of the dom i na tion of the Tarnobrzeska Group of
the Lusatian Cul ture and/or the be gin ning of the set tle ment

dis con ti nu ity be tween this group and the Przeworska Cul ture 
(comp. Czopek 2003). The sec ond of these time in ter vals was 
char ac ter ised by a de cline in the num ber of weeds and
ruderals to gether with the lack of cereal pollen in the Kopki
profile (comp. Ba³aga, Taras 2001).

Ra dio car bon dat ing in di cates that the de for es ta tion re -
flected in the Phase D (235–195 cm) was a re sult of the ac tiv -
ity of Przeworska Cul ture. Dur ing this phase ag ri cul ture
vis i bly de vel oped and was more ex tended than in Phase B.
Broader parts of the area of the val ley were prob a bly ex -
ploited as mown mead ows and pasturelands (an in crease in
Plantago lanceolata, Trifolium pratense and T. repens types
and Centaurea jacea type). This pe riod was also re corded in
the Kopki site where the de for es ta tion level was prob a bly
like the one in the Jaros³aw-Kruchel site, but the oc cur rence
of ce real grains was much lower (comp. Ba³aga, Taras 2001).
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Fig. 4. Sum mary di a gram of hu man im pact from the Jaros³aw-Kruchel site.



In Phase E (195–155 cm) wood land re cov ery was de -
tected, in which Carpinus betulus with Fagus sylvatica
played a very im por tant role. De spite the weak en ing of hu -
man ac tiv ity, ar a ble fields, pasturelands and mown mead ows
still ex isted in the con tem po rary land scape. In this pe riod
max ima of the fre quency of Plantago lanceolata and Rumex
acetosa type were de tected. The oc cur rence of the for mer is
now a days con nected with ploughed mead ows, ar a ble fields
and fal low lands (Makohonienko et al. 1998), which seems
to con firm the hy poth e sis that Plantago lanceolata is an in di -
ca tor of early ag ri cul ture (Groenman-van Waateringe 1986,
Lata³owa 1992). This spe cies pref er ence for mown mead ows 
stems from the fact that this plant is able to pro duce seeds be -
fore its in flo res cen ces are cut off, whereas graz ing and/or
early mow ing pre vent this spe cies from flow er ing (Court-
Picon et al. 2006, Hjelle 1999, Gaillard et al. 1992).

Phase F (155–125 cm) points to an eco nomic re vival
dem on strated in the de vel op ment of ag ri cul ture in the area
pre vi ously oc cu pied by mixed for est with Quercus, Fagus
sylvatica and Carpinus betulus. The newly cul ti vated ce real
was Secale cereale. The in crease in Cichorioideae val ues
was prob a bly the ef fect of greater ex ploi ta tion of the San val -
ley for mown meadows and pastures.

Phase G (125–115 cm) re flects an eco nomic col lapse
which brought a de cline in the cul ti va tion of ce re als and the
stron gest for est re cov ery since the be gin ning of the first ag ri -
cul tural ac tiv i ties. The time in ter val which spans Phases E, F
and G cor re sponds to the Mi gra tion Pe riod (comp. Czopek
2003), but in con trast to the Kopki pro file it is not re flected in
any de crease in NAP val ues cor re lated to the lack of ag ri cul -
tural in di ca tors (comp. Ba³aga, Taras 2001). In the vi cin ity of 
the Jaros³aw-Kruchel site an area aban doned by one of the
groups from the Przeworska Cul ture was prob a bly sub se -
quently col o nized by other groups re treat ing from dif fer ent
ar eas. How ever, there are no clear ar chae o log i cal traces to
support this hypothesis (S. Czopek personal comm.).

De spite the high per cent ages of ar bo real taxa, in Phase H 
(125–60 cm), the pol len spec tra sug gest the ex is tence of ce -
real cul ti va tion. A rapid de crease in Poaceae with a high and
rather sta ble level of ar bo real pol len point to the ini tial trans -
for ma tion of grass lands into cul ti vated fields (in stead of
claim ing the area for ag ri cul ture by de for es ta tion). These
changes may be as cribed to the first Slavs’ ac tiv ity who ap -
peared in the area of the Sandomierz Ba sin in small groups
(Czopek, Podgórska-Czopek 2007) and at the be gin ning they 
oc cu pied open ar eas which had not been overgrown by
expanding forest communities.

Phase I (60–1 cm) re flects veg e ta tion changes caused by
the grad ual de vel op ment of the Jaros³aw town from me di eval 
times up to now. Hu man-in duced for est re treat as well as the
de vel op ment of the cul ti va tion of ce re als is the stron gest one
over the whole pro file. This is also con firmed by the reg u lar
oc cur rence of Centaurea cyanus as well as Anthoceros and
Phaeoceros – hornworths, which are con tem po rar ily re -
corded on ploughed stub ble fields in au tumn (Rejment-Gro-
chowska 1966). A new com po nent in cul ti va tion was buck -
wheat (Fagopyrum esculentum). The high est val ues of Bra-
ssicaceae undiff. in the pro file could have been caused by the
dis per sion of weed spe cies from this fam ily and/or the ap -
pear ance of rape seed (Bras sica napus) cul ti va tion. A max i -

mum of Cichorioideae and high val ues of Plantago lance-
olata si mul ta neous with a de crease in Alnus sug gests ex ploi -
ta tion of the low est ter races of the val ley as mown mead ows
(comp. Makohonienko et al. 1998).

Early Ho lo cene ex pan sion of elm (Ulmus)
in the east ern part of the Sandomierz Ba sin

One of the most char ac ter is tic fea tures of the pol len pro -
file from Jaros³aw is the very high fre quency of Ulmus pol -
len, which ex ceeds 20% (af ter the ex clu sion of Poaceae
undiff. pol len) in the Preboreal chronozone (JK-2 zone),
which is sig nif i cantly in con sis tent with pat terns pre sented in
the isopollen maps (Zachowicz et al. 2004). Un for tu nately,
ra dio car bon datings from the JK-2 zone showed dis crep ant
re sults and were ex cluded from the in ter pre ta tion. Ad di tion -
ally, high per cent ages of Betula undiff. and the si mul ta neous
lack of Corylus avellana, Tilia cordata type and other pol len
taxa re lated to the Bo real and At lan tic chronozones claim
against the ex is tence of sed i ment dis con ti nu ity be tween the
Youn ger Dryas and the Ho lo cene Cli ma tic Op ti mum. The
per cent age val ues of lime and ha zel are sim i lar to the pat terns 
pre sented in the isopollen maps for 9500±100 14C BP (9216–
8575 BC) (Kupryjanowicz et al. 2004, Miotk-Szpiganowicz
et al. 2004). The com po si tion of pol len spec tra in the JK-2
zone is al most iden ti cal to the Pinus-Betula-Ulmus zone
from the Mleczka val ley pro file, where elm reached its first
max i mum (up to about 15%) in the Preboreal chronozone
(Fig. 5, comp. Klimek et al. 2006). Ra dio car bon datings ob -
tained from this zone showed 9250±100 14C BP (8728–8284
BC) and 9290±100 14C BP (8772–8292 BC). The ex pan sion
of Corylus avellana in the Mleczka val ley took place not ear -
lier than 8350±250 14C BP (8170–6658 BC). The high per -
cent age val ues of elm in the Preboreal pe riod were also
de tected in the pro file from the palaeomeander in Stubno
(near Przemyœl) and the age of the be gin ning of its ex pan sion
was ap prox i mated to 9840±140 14C BP (9862–8826 BC)
(Klimek et al. 1997). Un for tu nately, in this pro file palyno-
log i cal anal y sis was car ried out as a sur vey, and no ra dio car -
bon dat ing has been done. The age was ap prox i mated by a
com par i son based on the li thol ogy of this core with a well-
dated core col lected from the very close vi cin ity (personal
observation based on Klimek et al. 1997).

Two other pro files from the San val ley were col lected
from the Podbukowina peat bog, lo cated south of the Sando-
mierz Ba sin. Both of them seem to have es tab lished the
Youn ger Dryas/Preboreal bound ary in cor rectly, be cause the
Preboreal max ima of Ulmus were as cribed by the au thor to
the Bo real chronozone (Mamakowa 1962) (Fig. 6). The be -
gin nings of the ex pan sion of elm in many pol len pro files in
the Sandomierz Ba sin are strongly cor re lated with the de -
cline in Ar te mi sia (Fig. 7), which is re lated to the end of the
Youn ger Dryas (Ko³aczek 2010). In the Podbukowina 2 pro -
file the oc cur rence of high per cent ages of elm is si mul ta -
neous with high val ues of Betula, which is sim i lar to the
Mleczka pro file. The same sit u a tion was re corded in the
Markowa S pro file (25 km west of Jaros³aw, out side the San
val ley), where high per cent ages of Ulmus (ex ceed ing 20%)
were as cribed to the Preboreal/Boreal chronozone (Fig. 6)
(Mamakowa, Wójcik 1999).
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A dif fer ent pat tern dur ing the Preboreal chronozone is
ob served in the Grodzisko Nowe pro file (lo cated north-west
of Jaros³aw). Pine rap idly dis placed birch from most of its
sites in the early Preboreal chronozone and pre vented elm
from spread ing in that area. How ever, in this pro file Ulmus
re corded a small dis tinc tive peak on the per cent age curve
(about 2%) in the Preboreal chronozone (Ko³aczek 2010).

The prob a ble rea son for the wrong iden ti fi ca tion of the
Youn ger Dryas sec tions in the above-men tioned pro files car -
ried out by Mamakowa (1962) was a con tem po rary opin ion
which treated elm as a main in di ca tor of the Ho lo cene Cli ma -
tic Op ti mum, or even of the Atlanic pe riod (comp. Dya-
kowska 1959). This opin ion may be log i cally ex plained by
the fact that elm does not have the fea tures of a pi o neer taxon
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Fig. 5. Sim i lar i ties be tween the Youn ger Dryas–Bo real sec tion of the Jaros³aw-Kruchel pro file and the Preboreal-At lan tic sec tion of the
Mleczka I/6 pro file (based on Klimek et al. 2006, fig ure slightly changed).



(comp. Zachowicz et al. 2004), but the rel a tive prox im ity of
the San val ley to its prob a ble gla cial refugium in the south ern
part of the Carpathian Mts. (Feurdean et al. 2007, Björkman
et al. 2003) may have been a deciding factor in such rapid
expansion.

CON CLU SIONS

The pol len pro file from Jaros³aw pres ents veg e ta tion
changes from the Youn ger Dryas up to the mod ern pe riod.
The suc ces sion of the Late Gla cial and be gin ning of the Ho -
lo cene is char ac ter ized by the high pro por tion of birch-pine
for ests and/or steppe-for ests with a vis i ble ad di tion of Pinus
cembra in for est com mu ni ties. Dur ing the Preboreal chrono-
zone a rapid ex pan sion of Betula and Ulmus took place; es pe -
cially the val ues of the lat ter taxon sig nif i cantly ex ceed those
in pat terns of re gional veg e ta tion for the east ern part of the
Sandomierz Ba sin. This phe nom e non was also re corded in a
few sites from the San val ley, but in some pro files it was at -

trib uted to the Bo real chrononozone. Terrestrialization of the 
ox bow lake took place in the Bo real chronozone and to gether 
with a change of de pos its into peat pol len pres er va tion rap -
idly de te ri o rated. This fact prob a bly caused more nu mer ous
iden ti fi ca tions of the pol len of Pinus sylvestris and Filicales
monolete spores, which are the dom i nant taxa in the most
cor roded sec tion of the pro file. So then, there is no ba sis for
the ex act re con struc tion of veg e ta tion in those parts of the
pro file. Fluc tu a tions in wood land cover were typ i cal of the
Subatlantic pe riod, in which Quercus, Carpinus betulus, Fa-
gus sylvatica and Abies alba oc curred more frequently.
Especially the expansion of the oak was distinct during the
period 1800–600 yr cal. BP.

The first traces of hu man ac tiv ity re corded in the pol len
di a gram date back to the age be fore ca. 1605–1414 BC and
may point to the oc cu pa tion of this area by tribes of Neo lithic
and/or Early Bronze cul tures. From this pe riod traces of the
Malicka, Mierzanowicka and Trzciniecka Cul ture were
found on the ad ja cent ar chae o log i cal site. Other in ten si fi ca -
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Fig. 6. Per cent age val ues of AP, NAP, Ulmus and Ar te mi sia from the Podbukowina 1 and 2 pro files, re drawn with the ex clu sion of
Cyperaceae and both Cyperaceae and Poaceae from the to tal pol len sum.



36 P. KO£ACZEK

.7 .gi
F

 fo se ulav eg atne crep eht fo segnah
C 

 
alute

B
 ,

su
ml

U
 ,

analleva sulyro
C

 dna 
ai si

 me tr
A

sti dna 
ye llav na

S eht 
morf seli forp eht ni senozonorhc ci tna lt

A ro/dna lae ro
B ot sa

yr
D re gnuo

Y eht 
morf 

.sgn idnuo rrus nr etse
w



tion of hu man ac tiv ity was prob a bly con nected with the pres -
ence of the Tarnobrzeska Group of the Lusatian Cul ture and
the Przeworska Cul ture. Palynological ev i dence shows two
max ima of hu man im pact on the en vi ron ment around the Mi -
gra tion Pe riod; the first one is con nected with the ac tiv ity of
the Przeworska Cul ture, the sec ond one af ter the re cov ery of
wood land ar eas was prob a bly caused by tem po ral set tle ment
by a group(s) which im mi grated there dur ing the Mi gra tion
Pe riod. The ap pear ance of first Slavs in the area of Jaros³aw
did not have a sig nif i cant in flu ence on the en vi ron ment. Rel -
a tively small groups of new com ers prob a bly set tled on pre vi -
ously oc cu pied ar eas which were not over grown by for ests.
An in crease in the pop u la tion of these groups led to the ne -
ces sity of de for es ta tion to claim new ar eas for cul ti va tion.
The es tab lish ment of the Jaros³aw town in the 11th cen tury
AD and its subsequent development caused the most signi-
ficant deforestation in the whole period studied.

The low res o lu tion of ra dio car bon datings pre vented the
au thor from es tab lish ing a de tailed chro nol ogy of the pro file
and from pro vid ing ex act cor re la tion be tween phases of hu -
man ac tiv ity and the ar chae o log i cal chro nol ogy. This fact
made it also im pos si ble to de tect all sed i ment dis con ti nu ities
which are likely to be pres ent in the frag ments with the
strongest decomposition of peat material.
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Fig. 3a. Percentage pollen diagram from the Jarosùaw-Kruchel profile (pollen concentration, trees, shrubs, herbs to dry, fresh & wet grasslands). 1  peat, 2  lacustrine marl, 3  gyttja, 4  silt, 5  sands, 6 – peat with admixture of silt.– – – – –
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