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Ab stract: The unique na ture of the Sta runia pa lae on to logi cal site, where nearly per fectly pre served large
mam mals were dis cov ered at the be gin ning of the 20th cen tury, and also the in com pletely re searched his tory of
the Pleis to cene vege ta tion of the re gion, pro vided the nec es sary stimu lus to un der take fur ther com plex pa laeo -
bo tani cal in ves ti ga tions. The Pleis to cene and Holo cene sedi ments fill ing the Ve lyky Lu kavets River val ley are the 
ob ject of this type of in ves ti ga tion. Both the suc ces sion of vege ta tion and ra dio car bon dat ing in di cate that the
for ma tion of bio genic sedi ments be gan in the Wei chse lian Mid dle Pleni gla cial, in the Moer shoofd in ter sta dial,
and lasted through the Hengelo/De nekamp In ter sta dial Com plex and the Late Gla cial and Holo cene. Pa laeo bo ta-
ni cal in ves ti ga tions show the Mid dle Pleni gla cial to have been char ac ter ized by an open, for estless land scape.
Grass land steppe com mu ni ties domi nated with ex tremely high pro por tions of Poa ceae, as well as Ar tem isia,
Che no po di aceae, and a number of her ba ceous plant taxa. More moist places were oc cu pied by dwarf shrub tun dra
with Be tula nana, Al nus vir idis, and Cyper aceae. Small changes in the char ac ter of the vege ta tion re sult ing from
cli matic os cil la tions made their mark through a slight in crease in the pro por tion of tree- birches, fir and pine. The
rec ord of Late Wei chse lian plant suc ces sion in the Ve lyky Lu kavets River val ley also docu ments the domi nance
of open habi tats with a pre pon der ance of steppe and steppe- tundra com mu ni ties and a dry, con ti nen tal cli mate.
Only with the be gin ning of the Holo cene did an im prove ment in cli mate con di tions lead to the rapid ex pan sion of
for est com mu ni ties with a domi nance of pine ac com pa nied by fir, larch, and trees, which are more de mand ing in
terms of tem pera ture, e.g. elm, oak, lime, horn beam and ha zel.
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IN TRO DUC TION

The most valu able pa lae on to logi cal sites for pa laeoen -
vi ron men tal re search are those that con tain well- preserved,
var ied, nu mer ous re mains of or gan isms. Such a situa tion
makes it pos si ble to draw var ied, mu tu ally com ple men tary
con clu sions.

A site with pre cisely these fea tures was dis cov ered in
1907 at Sta runia in the Ukraine. Dur ing ex ploi ta tion in an
ozo ke rite mine, some large car cass frag ments of two enor -
mous Pleis to cene mam mals, the woolly rhi noc eros and the
mam moth, were found in an ex tremely well- preserved state
ow ing to their satu ra tion with brine and oil.

These were ac com pa nied by nu mer ous plant re mains
(Ra ci bor ski, 1914a, b; Szafer, 1914; Gra noszewski, 2002;
Al ex androwicz, 2004; Ko tarba, 2005; Ko tarba & Stacho-
wicz-Rybka, 2008). Un for tu nately, as later stud ies showed,
the re mains of these large mam mals with their as so ci ated
flora and mi cro fauna were found in a re worked bed in an in -
filled spent shaft. The unique ness of this dis cov ery per -
suaded the Pol ish Acad emy of Arts and Sci ences to or gan -
ise a new, com pre hen sive re search proj ect, in clud ing a ditch 
near the shaft con tain ing the above- mentioned re mains.
More than twenty years later, in 1929, they found the



world’s only speci men of the woolly rhi noc eros to have
been pre served al most in tact. This time both the rhi noc eros
and the ac com pa ny ing mac ro scopic flora were found in
situ. The mac ro scopic plant re mains, both those found in the 
clays from the im me di ate sur round ings of the rhi noc eros

and those from in side the ani mal were ini tially ex am ined
and de scribed by Szafer (1930). The re sults of this in ves ti -
ga tion al lowed him to say that the ex am ined fos sil flora re -
flects the vege ta tion of the con tem po rary arc tic tun dra. The
rich plant ma te rial was kept and pre served at the Pa laeo bot -
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Fig. 1. Sketch map of the Starunia palaeontological site and sur round ing area (Carpathian re gion, Ukraine), with the lo ca tion of
palaeobotanical stud ies



any Mu seum of the Bot any In sti tute, Pol ish Acad emy of
Sci ences in Kraków. Thanks to this, a number of pa laeo bo -
tani cal in ves ti ga tions were made, among these of mosses
(Sza fran, 1934; Gams, 1934). The ex tremely nu mer ous fos -
sil birch leaves were ex am ined by Ku cowa (1954), who dis -
tin guished over a dozen spe cies of Salix on the ba sis of leaf
mor phol ogy. How ever, no paly no logi cal in ves ti ga tion was
car ried out at that time. Only ex plora tory analy ses of grey
clayey silts were made, and no ar bo real pol len was found
among these (Szafer, 1930).

The unique char ac ter of the site at Sta runia, and ab -
sence of mod ern bi os tra tigraphic re search and ra dio car bon
dat ing of the sedi ments – es pe cially con sid er ing the di ver -
gence in the ages of the rhi noc eros tis sues found in 1929 –
pro vided the stimu lus to un der take a new mul ti dis ci plin ary
in ves ti ga tion, in clud ing pa laeo bo tani cal re search, us ing
mod ern meth ods (Kuc et al., 2005). About 10.5 hec tares of
the area of a dis used ozo ke rite mine were sub jected to de -
tailed geo logi cal in ves ti ga tion, close to where the large
mam mal re mains had been dis cov ered. The area lies mainly
at the bot tom of the Ve lyky Lu kavets River val ley and its
tribu tary Rinne Stream (Ko tarba & Stachowicz- Rybka,
2008). A de tailed his tory of the re sults of pa laeo bo tani cal
in ves ti ga tion from both the first and sec ond Sta runia finds
can be found in the pa pers by Stachowicz- Rybka et al.
(2009) and Gra noszewski (2002).

LO CA TION AND GEO LOG I CAL
STRUC TURE OF THE STUDY AREA

The in ves ti gated site lies within the area of a aban doned 
ozo ke rite mine at Sta runia, about 130 km SE of Lviv (Fig.
1). The study area be longs to the fore land of the East ern
Car pa thi ans, within the Gor gany Fore- Carpathians, in the
Boryslav- Pokuttya Unit (Car pa thian Fore deep). It con sists
of sev eral tec tonic slices, thrust one over an other. Each of
these slices con sists of a flysch se ries cov ered by mo lasse.
In the top layer of the flysch se ries there are clayey shales,
mud stones and sand stones (the so- called Kliwa Sand stones) 
of the Menil ite beds. The Lower Mio cene salt- bearing Vo -
ro tyshcha beds, im me di ately un der ly ing Qua ter nary sedi -
ments fill ing the Ve lyky Lu kavets River val ley, cap flysch
strata of the Boryslav- Pokuttya Unit (Mi tura, 1944; Ko rin,
2005; Kol tun et al., 2005), and are some times re placed by
the Slo boda Con glom er ates and Do bro tiv beds. The Lower
Mio cene com plex is com pleted by the Steb nik beds.

The Pleis to cene sedi ments, es pe cially of the clayey fa -
cies, in which the large ver te brates were found, were satu -
rated with brine and oil de rived from the un der ly ing Vo ro -
tyshcha beds. In the area of Sta runia (lo cal name – Ro -
pyshche) sur face seeps of brine and oil, small lakes, even
mud vol ca noes oc cur (Ko tarba, 2005).

MA TE RIAL AND METH ODS

The ma te rial for pa laeo bo tani cal in ves ti ga tions comes
from drill ings car ried out in autumn of 2007 and spring of
2008. In to tal, over 40 fully- cored bore holes 6–12 cm in di -

ame ter were drilled, cross ing Qua ter nary sedi ments to the
top of Mio cene strata. Paly no logi cal analy ses were made for 
three bore holes Nos 4’, 22, and 28, and the VL-1 out crop
(Fig. 1). Sam ples for mac ro scopic plant re mains were taken
in par al lel, so that each sam ple for pol len analy sis was taken 
from the mid dle of the 10 cm sec tion se lected for analy sis of 
mac ro scopic plant re mains, the meth ods and de tailed re sults 
of which are pre sented else where (Stachowicz- Rybka et al., 
2009).

Sec tions for pa laeo bo tani cal in ves ti ga tion were se -
lected tak ing into con sid era tion both the lo ca tion and depth
of the log as well as the qual ity of the drill core. Only those
sec tions were se lected, which were lo cated near est the place 
where the rhi noc eros was found in 1929 and on the pe riph -
ery of the study area.

The pro cess of labo ra tory prepa ra tion of sedi ments for
paly no logi cal analy sis (1cm3) con sisted of two stages. First, 
in or der to re move bi tu mens, the com mi nuted sam ple of
sedi ment was im mersed in Ro kanol DB7 and rinsed in a
10% etha nol so lu tion. Ro kanol DB7 is a read ily ob tain able
and non- toxic sur fac tant rea gent used to re move seeps of bi -
tu men into the sedi ments (Jewul ski & Za grajc zuk, 2005).
Mac er at ing sam ples us ing this com pound at the be gin ning
of a stan dard pro ce dure made the pol len grains less clumped 
and pre vented them from form ing ag gre gates. Ini tially,
cleaned sam ples of sedi ment were sub jected to the stan dard
method. Af ter add ing the in di ca tor (Ly co po dium spores),
the sedi ment was treated with 10% HCl, and then, in or der
to re move the hu mic ac ids, the sam ple was boiled in 10%
KOH so lu tion. It was sub se quently rinsed over a dozen
times in wa ter. In case of sedi ment sam ples strongly im -
preg nated with bi tu mens, rins ing with Ro kanol DB7 was re -
peated. Sepa rat ing the sporo morphs from the min eral com -
po nents of the sedi ment was car ried out by the flo ta tion
method. For this pur pose the acidi fied sedi ment was treated
with ZnCl2 so lu tion with a den sity of 1.98g/ml (Naka gawa
et al., 1998) and cen tri fuged for 20 min utes at 2000 rev/min. 
The su per natant was sub jected to the Erdt man’s ace toly sis
and af ter be ing rinsed in al co hol treated with an hy drous
glyc erin.

Pol len grains were rather poorly pre served and to tal
pol len sum var ied from nearly 100 (two sam ples) to 600 and 
more. The ba sic sum con sisted of trees, shrubs and ter res -
trial plants pol len. The spores and lo cal vege ta tion pol len
were cal cu lated in re la tion to the ba sic sum. The pol len dia -
grams were plot ted us ing the com puter pro gram POL PAL
for Win dows (Na lepka & Walanus, 2003; Walanus & Na -
lepka, 1999).

Ra dio car bon dat ings were per formed by the Poznañ
Ra dio car bon Labo ra tory; for de tails of method see Kuc et
al. (2009), and Soko³owski and Stachowicz- Rybka (2009).

 HIS TORY OF VEG E TA TION
AND CLI MATE

The sedi ments of the sec tions in ves ti gated by pol len
analy sis con tain a rec ord of the stages of vege ta tion de vel -
op ment, which took place in the Pleni- Weichselian, the Late 
Gla cial, and the Holo cene.
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The old est of these were re corded in logs of bore holes
Nos 22 and 28 (Tab. 1, Fig. 2A, B).

Pleni-Weichselian

The ra dio car bon dat ings of the bot tom part of the St 22
sec tion point to a Pleni- Weichselian age of the or ganic sedi -
ments from the lower part of the log. The date from the old -
est part of the sec tion (at a depth of 5.85 m) is 40,000 ± 700
years BP, while the sam ple situ ated higher (4.80 m) was
dated at 43,100 ± 700 years BP. The date in ver sion here
does not seem to be of ma jor im por tance, be cause of both
the mar gin of er ror and the fact that these dates lie at the
bound ary of the ap pli ca bil ity of the ra dio car bon dat ing
method. The dates ob tained al low the lower part of the log
to be cor re lated with the mid dle of the Pleni- Weichselian
(Be hre, 1989).

(Sta dial phase)
St 22 - 1 Poaceae- NAP L PAZ

The pol len spec tra of this level re flect a dis tinctly for -
estless, open land scape. The domi nance of com mu ni ties of
the grass land type is ex pressed in very high pro por tions of
Poa ceae pol len, as well as Ar tem isia, Che no po di aceae, and
a number of her ba ceous plant taxa. More moist places were
oc cu pied by dwarf shrub tun dra with Be tula nana, Al nus
vir idis and Cyper aceae. The re corded re mains of Zan nichel -
lia pal us tris and Ba tra chium sp. docu ment the ex is tence of
a shal low, eutrophic body of wa ter. On the edges of the lat -
ter, a reed bed was formed with Ty pha sp. and Jun cus sp.,
while in damp places or silty tem po rar ily dry ing parts of the
banks com mu ni ties with Bidens tri par tita proba bly oc -
curred.

Moershoofd Interstadial
St 22 - 2 Poaceae-Pinus-Betula nana

The small, but dis tinct ex pan sion of pine and birch pre -
ceded by the spread of dwarf shrub tun dra re flects a change
in con di tions of cli mate; ini tially an in crease in mois ture oc -
curred, fol lowed by a rise in tem per a ture. An ex pres sion of
this is the ap pear ance of Potamogeton filiformis in the
aquatic com mu ni ties, and the abun dant de vel op ment of
veg e ta tion of wet and peat bog sites with Triglochin mariti-
mum, Eleocharis palustris, Juncus sp., and nu mer ous spe -
cies of Carex. It is likely that the pe riod of im proved cli mate 
did not last long, as sug gested by the fairly small in crease in
the proportion of pine and birch pollen.

(Stadial phase)
St 22 - 3 Poaceae L PAZ

The re turn to dom i nance of steppe com mu ni ties is ex -
pressed in the enor mous in crease in Poaceae and Juniperus
with a drop in Pinus and Betula pol len, re flect ing the ex is -
tence of a dry, arc tic cli mate with a strongly con ti nen tal in -
flu ence. This is also in di cated by the dis ap pear ance of
aquatic plants and the clear im pov er ish ment of the veg e ta -
tion of moist sites, both in terms of quan tity and species
com po si tion.

St 22 - 4 Betula nana-Poaceae
This level only spans the be gin ning of the next cli ma tic

change, re sem bling that which took place at the be gin ning
of the Moershoofd Interstadial. Re ces sion of the steppe
com mu ni ties in fa vour of tun dra is ex pressed in a dis tinct
in crease in the curve of Betula nana, Cyperaceae, as well as
a greater pro por tion of tree-birches in the land scape of this
time in the Velyky Lukavets River val ley. These changes in
veg e ta tion are the sig nal of an other moist en ing of the cli -
mate. Un for tu nately, the pol len level is in com pletely pre -
served. Per haps this is the beginning of another interstadial.

Hengelo/Denekamp Interstadial Com plex
St 28 - 1 Pinus-Picea-NAP L PAZ

This level is rep re sented by only one sam ple (Tab. 1,
Fig. 2B). It is char ac ter ized by the de vel op ment of for -
est-steppe com mu ni ties with Pinus sylvestris and Picea.
Steppe com mu ni ties, which were un doubt edly dom i nant in
the land scape, made their pres ence known pri mar ily
through the oc cur rence of var i ous spe cies of grasses and
sedges. The pres ence of Cyperaceae pol len and trace
amounts of Betula nana pol len would in di cate the oc cur -
rence of tun dra com mu ni ties in the land scape of this time in
the Velyky Lukavets River valley.

St 28 - 2 NAP L PAZ
The com po si tion of the pol len spec tra of this level per -

mits the con clu sion that ac cu mu la tion of sed i ments took
place un der the con di tions of an open cli mate. Steppe
comunities with grass, mug worts, and a num ber of other
her ba ceous taxa (such as Chenopodiaceae), formed the pri -
mary plant for ma tion. Var i ous other spe cies of Ephedra (E.
fragilis t. and E. distachya t.) were also com po nents of these 
com mu ni ties. Sites with higher mois ture lev els were oc cu -
pied by tun dra veg e ta tion, in clud ing Betula nana, and var i -
ous rep re sen ta tives of Cyperaceae. Tree veg e ta tion was
most prob a bly represented by infrequent patches of
tree-birches.

In the sub-zone Pinus-NAP there is a slight, but dis tinct 
in crease in the pro por tion of pine (Pinus sylvestris) in the
Velyky Lukavets River val ley, with co eval re ces sion of tun -
dra com mu ni ties. It can not be ruled out that this change in
the veg e ta tion was the re sult of a cli ma tic os cil la tion. The
di rec tion of changes in veg e ta tion would sug gest not a sig -
nif i cant warm ing of the cli mate as it be came drier. Con sid -
er ing the ra dio car bon datings, this os cil la tion can be cor re -
lated with the Denekamp Interstadial (Behre, 1989).

Late Weichselian

Alleröd Interstadial
St 4’-1 – St 4’-5 L PAZ (NAP-Pinus, Betula nana-
Ar te mi sia-Poaceae, NAP-Pinus, Ar te mi sia-Betula nana-
Poaceae, NAP-Pinus)

The re cord of the Late Gla cial veg e ta tion suc ces sion in
the Velyky Lukavets River val ley be gan with a dom i nance
of open hab i tats, with prev a lence of steppe and steppe-tun -
dra com mu ni ties. The oc cur rence of grass (Poaceae) and
mug worts (Ar te mi sia) was char ac ter is tic of these com mu ni -
ties, as was that of rep re sen ta tives of the Asteraceae fam ily
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Ta ble 1

De scrip tion of Lo cal Pol len As sem blage Zones L PAZ

L PAZ
Name of
L PAZ

Depth (m) Description of pollen spectra

Borehole 4'

4'-1 NAP-Pinus 5.05-4.75

AP from 21% to 30%. Poaceae pollen max. - 47%. Artemisia 13%, Betula nana increases from 1% to 4.3%,
Cyperaceae - 25%, Chenopodiaceae - 2.5%. Among trees Pinus 20.5%, Betula - 7%. Pollen of Juniperus and
Ephedra fragilis t. are present. In upper part of the zone, Filicales monolete rise to 62%. Sporomorphs degraded-
10.5%, Dinoflagellata - 3%. Upper limit - decline of value of Pinus and rise of Betula nana

4'-2

Betula
nana-
Artemisia-
Poaceae

4.70-4.55

AP 8.5% to 32%. Betula nana pollen rises to 8%, Artemisia - to 11%, Poaceae - to 59% (average about 34%).
Cyperaceae decline from 32.5% to 9.5%. Value of Pinus diminishes to 4%, Betula increases from 1% to 13% in
central part of the zone. Pollen of Larix, Salix glauca t., Juniperus, Ephedra fragilis t., Ephedra strobilacea t.
appears. The destroyed sporomorphs amount to 5%. Upper limit - decrease of value of Betula nana and rise of
Pinus

 4'-3 NAP-Pinus 4.45-4.05

AP from 21.5% to 33.4%. Poaceae about 31%. Value of Artemisia declines from 13% to 5.5%, Betula nana - about 
2%, Chenopodiaceae - 2%, Ambrosia - 2.3%, Cichorioideae - 1.2%. Value of Pinus increases from 14% to 29%,
Betula about 5.5%. Pollen of Larix, Slaix glauca t., Juniperus, Ephedra fragilis t., Ephedra distachya t. appears.
The destroyed sporomorphs - 3.5%. Upper limit - decline of value of Pinus, rise of Artemisia, Betula nana and
Poaceae

4'-4

Artemisia-
Betula
nana-
Poaceae

4.00-3.90

AP changes from 10.4% to 24.3%. Artemisia reaches at maximum 16.5%, Betula nana - 4.8%, Poaceae diminishes
from 52% to 23.5%, Cyperaceae increase from 17% to 43.5%. Pinus rises from 4.2% to 18%, Betula about 3.6%.
Pollen of Salix glauca t. (1.2%), Juniperus, Ephedra fragilis t. occurs. Destroyed sporomorphs rise to 9%. Upper
limit - increase of value of Pinus

4'-5 NAP-Pinus 3.85-2.75

AP changes from 26% to 46.5%. Poaceae about 37% (max. 48%), Cyperaceae diminishes from 24% to about 10%,
Betula nana - from 3.4% to about 1.2%. From among trees, Pinus changes from 15% to 35.5%, Betula - from 1.7%
to 9.5%. Pollen of Larix, Pinus cembra, Alnus viridis and Salix gluaca t., Juniperus, Ephedra fragilis t., Ephedra
strobilaceae t. appear. The pollen of other trees comes from redeposition. Value of Chenopodiaceae rises to 2.4%.
Considerable values reach Asteraceae (Aster t. - 2.2%, Ambrosia - 0.9%, Anthemis t., Cichorioideae) and
Filipendula - 6.5%. Destroyed sporomorphs attain 6% and cysts of Diniflagellata occur. Upper limit - decline of
value of pollen pine, increase of NAP

 4'-6
Poaceae-
Artemisia
Betula nana

2.70-2.35

AP is from 10% to 32%. Pollen of Poaceae is dominant - max. 55.5%, Artemisia from 4% to 13.5%, Betula nana -
3%, Cyperaceae - 32% and Chenopodiaceae - 3.2%. Pinus reaches minimum 5% and increases to 20%, Betula rises 
from 3.2% to 7%. Salix glauca increases to 1.3%. The pollen of others trees strongly destroyed. Corroded
sporomorphs attain 6.5%; continually present cysts of Dinoflagellata. Upper limit - increase of value of Pinus,
decline of NAP

4'-7 Pinus-NAP 2.25-1.75

AP from 45% to 58%. Pinus reaches maximum value - 47%. Trees' pollen in upper part of the zone reach
considerable values: Picea - 7%, Corylus - 3.4%, Tilia - 3.9%, Alnus - 4%. Abies and Carpinus begins continuous
curve. Pollen of Betula nana almost completely disappears. Considerable values have Poaceae - initially 38%, then
decline to 30%, Cyperaceae - about 10.5%, Artemisia - about 3.3%. Upper limit - decrease of value of Pinus, Picea, 
Corylus and Tilia pollen and decrease of value NAP

4'-8
Corylus-
Tilia-Picea

1.65-1.45

AP from 62% to 77%. Value of Pinus declines to 8.5%. A high proportion reach Corylus (17%), Tilia (13%), Picea
(11%) and Alnus (10%). Fagus begins continuous curve (about 2.7%). Ulmus - 1.5%, Carpinus - 6%, Abies - 3%.
Values of the herbaceous plant pollen reduced. Poaceae change from 25% to 11%, Cyperaceae - from 3.7% to 8%,
Artemisia about 3%. Upper limit - breakdown of curves of most trees, rise of NAP pollen

4'-9
Fagus-Picea
-Carpinus-
Abies

1.15-0.75

AP maximally reaches 94%. The highest value attain pollen of Picea (from 10.5% it rises to 21.5%) and Fagus
(18.5%, and it declines in the upper part of the zone to 4%). Values of Corylus and Tilia gradually increase from
9% to 17.5%, and from 5% to 16.5%, resp. Quercus reaches 2.1%, Carpinus 14% and Abies 9%. Value of Alnus is
stable - about 12.5%. Value of NAP considerably declines. Amount of Poaceae reduced to 1.4%, Cyperaceae and
Artemisia to 1%. This zone has not upper limit and finishes succession in section St-4

Borehole 22

22-1
Poaceae-
NAP

5.85-5.35

AP from 9.4% to 13.1%. Poaceae reaches the highest values - 70.5% (average about 61%). Artemisia - 5.5%,
Betula nana - 1.6%, Cyperaceae - 18%. From trees, Pinus reaches about 7%, Betula about 2%. Alnus viridis,
Juniperus, Salix glauca t. appears. Destroyed sporomorphs reach 5.5% and cysts of Dinoflagellata appear. Upper
limit - rise of value of Pinus.

 22-2
Poaceae-
Pinus-
Betula nana

5.20-4.60

AP from 16.4% to 27.3%. The Poaceae reaches maximally 65%, Betula nana in central part of the zone - 17.5%
(average about 4%), Artemisia - 9.5% (average about 4.7%), Cyperaceae about 10%, Chenopodiaceae - 1.2%.
Value of Pinus changes from 9% to 14%, Betula - from 2.2% to 16%. Pollen of Juniperus, Salix glauca t., Salix
herbacea t., Lonicera nigra appear. The destroyed sporomorphs attain 6.5%, cysts of Dinoflagellata - 0.8%. Upper
limit - decline of value of Pinus

22-3 Poaceae 4.40-4.10

AP from 6.9% to 10.1%. Pollen of Poaceae is dominant - 71%. Artemisia - 4%, Betula nana - about 2%.
Cyperaceae - 33.5%. Pollen of Elymus reaches 1.4%. Pinus about 4%, Betula - about 2%. Pollen of Alnus viridis,
Larix, Pinus cembra, Juniperus, Salix glauca, Salix herbacea, Ephedra fragilis t. appear. Upper limit - increase of
value of Betula nana pollen, decline of value of Poaceae



and Helianthemum nummularium, which also un der lines
the pres ence of a dry, con ti nen tal cli mate. The con sid er able
open ness of the land scape is more over at tested by the pres -
ence of Juniperus, Ephedra fragilis, E. distachya, E. stro-
bilacea, and Hippophaë rhamnoides. The pres ence of Be-
tula nana and Cyperaceae, to gether with the oc cur rence of
Selaginella selaginoides and S. cf. helvetica, points to the
pres ence of com mu ni ties of a tun dra type. Pine and birch
most prob a bly formed loose com mu ni ties of bo real for ests,
in which larch and spruce were also pres ent. The pro por tion
of the lat ter in creased sig nif i cantly in the Velyky Lukavets
River val ley in the youn ger part of the interstadial. The nu -
mer ous de graded and re de pos ited sporomorphs in the sed i -
ment as well as Dinoflagellate cysts are evidence of unstabi- 
lised soils and increased surface runoff (Tab. 1, Fig. 3A).

The pres ence of Batrachium sp. fruits un equiv o cally
con firms the aquatic or i gin of the sed i ment. This is, more -
over, the only level in which this plant has been re corded,
and this fact should be as so ci ated with im proved moisure
con di tions. Potamogeton filiformis and Zannichellia palu-
stris grew in the body of wa ter. On its bank there was a reed
com mu nity with Schoenoplectus tabernaemontani and
Eleocharis sp. The ap pear ance of aquatic and reed plants
may re flect a warmer phase or a change in wa ter tro phy
(Stachowicz-Rybka et al., 2009).

It can not be ex cluded that the no tice able fluc tu a tion to -
wards cool cli ma tic con di tions, ob served in zone St 4’-4 and 
indidated by a de cline in the AP/NAP curve, is likely to be
as so ci ated with the Old est Dryas Stadial. In sec tion 4 (Sta-
chowicz-Rybka et al., 2009; Soko³owski & Stachowicz-
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Ta ble 1 continued

L PAZ
Name of
L PAZ

Depth (m) Description of pollen spectra

 22-5

Artemisia-
Betula
nana-
Poaceae

3.40-1.50

AP from 9% to 39.3%. Pollen of Artemisia is dominant - even 30% (average over 10%). Betula nana rises to
maximally 13.5% and it in the upper part of the zone decreases to only 1.5%. Poaceae reach 37%. High values
attain Anthemis t. - 1.3%, Aster t. - 1.3%, Helianthemum nummularium t. - 2.1%, Ambrosia - 1%, Chenopodiaceae - 
2.4%. Value of Pinus - initially 5%, then it rises to 24.5%. Betula - 5% (max. 9.5%). In the upper part of the zone
value of Salix glauca increases to 5%, Salix herbacea - to 2.2%. Values of destroyed sporomorphs rise to 19%,
cysts of Dinoflagellata appear. Upper limit - rise of value of Pinus pollen, decline of NAP

 22-6
Pinus-
NAP

1.30-0.50

AP from 30% to 50%. Pollen of Pinus is dominant - maximally 40.5%. Continuous curves begin Picea, which
reaches 6%, Ulmus - 2.5%, Tilia - 1%, Abies - 1.8%, Quercus - 1.1%. Continuous curve initially sustain Salix
glauca, and - rarely - Ephedra fragilis t. High value sustained for NAP. Poaceae rise from 21.5% to 34%,
Cyperaceae decrease from 25.5% to 13.5% and increas to 33% again, Artemisia declines from 5.5% to 2%. Value
of Filicales monolete spores reaches 27.5%. The level has not upper limit and finishes succession in section St-22

Borehole 28

28 - 3

Carpinus-
Abies-
Picea
(Fagus)

1.2-0.6
Max. AP 95%; Carpinus 24%, Tilia cordata t. 21%, Picea 18.5%, Abies 16.7%, Fagus 10.4%, Alnus glutinosa t.
10.5%, Corylus 10.9%. Cerealia t. 10.6%, Pollen of Secale and Triticum t. are present

28 -2 NAP 5.90-1.90

NAP up to 95%; Poaceae (45.5-26.2%), Cyperaceae (42.6-12%), Artemisia (45.5-5.6%). Betula alba t. pollen from 
10.6% to 0.9%), Quite high proportions of Chenopodiaceae pollen up to 4.2%. Pinus sylvestris t. 6.9% - 0.8%).
Pollen of Picea abies, P. cembra, Ephedra fragilis t., E. distachya t., and Juniperus present. High amount of
degraded pollen.
In this L PAZ, a sub-zone St28 2a, Pinus-NAP is distinguished (depth 3.7-3.3 m). It is characterized by an increase
in Pinus sylvestris t. pollen up to 14.2%. and small decrease in NAP

28-1
Pinus-
Picea-
NAP

6.40
AP 43%. Pinus sylvestris t. pollen 32.4%, Picea abies 6%. Among NAP dominates pollen of Poaceae (31%),
Cyperaceae (14.7%), and Artemisia (9.6%)

Outcrop VL-1

VL-1-4

Tilia-
Carpinus-
Abies-
Picea
(Fagus)

0.40-0.25
Only two samples belong to this zone. AP exceeds 90%. Tilia cordata t. pollen close to 40%. Carpinus and Abies
pollen above 10%, slightly higher Picea abies pollen. Pollen of cereals is present

VL-1-3

Tilia-
Corylus-
Carpinus-
Abies

1.25-0.40

This zone is bipartite. The bottom part is dominated by NAP, Poaceae and Cyperaceae pollen above 20%,
Artemisia ca. 10%. Filipendula pollen 23%. Among AP, pollen of Quercus 70%, Ulmus ca. 4%. Pinus above 10%,
and Betula alba t. 3% are present. Pre-Quaternary  pollen about 40%
The upper part of the zone dominated by AP, mainly Tilia cordata t. 38%. Carpinus ca. 20%, Abies alba ca. 10%,
Alnus glutinosa t. 18%. Fagus ca 2%. Pollen of Cerealia t. 6%, Secale and Triticum are present. No pre-Quaternary
sporomorphs present in this part

VL-1-2
Pinus-
NAP

1.84-1.25

In the lower part of the zone Pinus sylvestris t. pollen exceeds 60%, Betula alba t. ca. 3%. Cyperaceae max 45%. In 
the upper part of the zone, Pinus sylvestris above 20% and Betula alba t. exceeds 10%. Picea abies 5%. Ulmus and
Alnus glutinosa pollen above 1-2%. Cyperaceae max 15%, Poaceae exceeds 30% and Artemisia 15%. Continuous
curve of Filipendula pollen (max ca. 20%)

VL-1-1
Artemisia-
Poaceae

2.52-1.84
AP at the bottom part nearly 90%; Poaceae 55%, Cyperaceae max. 56%, Artemisia max. 25%. Chenopodiaceae 8%. 
Among tree pollen, Pinus sylvestris t., max 26.6%, dominates. Nearly 20% of pre-Quaternary pollen; Dinoflagellata 
cysts are present



Rybka, 2009), lo cated less than 2 m away from sec tion 4’,
sed i ments of cor re spond ing height are marked by the oc cur -
rence of the above-men tioned malacofauna group, be ing an
in di ca tor of cold cli mate and boggy hab i tats, typ i cal of the
Youn ger Dryas Stadial. How ever, the vari abil ity ob served
in the pol len di a gram as well as the ra dio car bon date (12.23
ka – Bölling Interstadial) re corded at a depth of 3.5 m, also
in sec tion 4, sug gest an older age of the stadial. The
credibilty of the date can be con firmed by the readible ex is -
tence of a con tem po rary aquatic ba sin with aquatic and
rushy flora (Stachowicz-Rybka et al., 2009).

Youn ger Dryas
St 4’ - 6 Poaceae-Ar te mi sia-Betula nana L PAZ
St 22 - 5 Ar te mi sia-Betula nana-Poaceae L PAZ
St VL-1 - 1 Ar te mi sia-Poaceae L PAZ

A cool ing of the cli mate led to the spread of steppe and
steppe-tun dra com mu ni ties with a dom i nance of Poaceae,
Cyperaceae, Ar te mi sia and Chenopodiaceae. The steppe
char ac ter of the land scape of this time in the vi cin ity of
Starunia is dem on strated by Elymus, Helianthemum num-
mularium, and rep re sen ta tives of Asteraceae (pol len of Am -
bro sia t., As ter t., Anthemis t., Cichorioideae). The com -
monly oc cur ring Betula nana, Salix herbacea and taxa of
her ba ceous plants in di cate the pres ence of patches of dwarf
shrub tun dra. The ar bo real pol len prob a bly co mes from
long-dis tance trans port. Larix (larch), Alnus viridis (green
al der), Pinus cembra (stone pine) and Juniperus (ju ni per)
may have oc curred spo rad i cally, as well as Hippophaë
rhamnoides, Lonicera nigra, Ephedra distachya, and E.
fragilis. In the up per part of the lev els, the pro por tion of
Pinus and Juniperus clearly in creased, which in di cates a
slight in crease in the con ti nu ity of tree cover and an im -
prove ment in the cli mate and pos si bly also in mois ture. A
shal low body of wa ter re mained, with Zannichellia
palustris and Batrachium sp, and the reed belt was dom i -
nated by Typha sp. Dam aged, pre-Qua ter nary sporomorphs
were still com mon in the sed i ment (VL-1 – 1 LPAZ), as
were Dinoflagellate cysts (Tab. 1, Figs 2A, 3A, 3B).

Ho lo cene

Preboreal
St 4’ - 7 Pinus-NAP L PAZ
St 22 - 6 Pinus-NAP L PAZ
VL-1 - 2 Pinus-NAP L PAZ

The im prove ment in cli mate re sulted in a rapid ex pan -
sion of for est com mu ni ties with a dom i nance of pine (Pinus
sylvestris t.) ac com pa nied by spruce (Picea) and larch
(Larix). More ther mally de mand ing trees be gan to ap pear,
as Ulmus, Quercus, Tilia cordata, Alnus glutinosa and
Corylus. Low fre quen cies of Abies alba pol len most prob a -
bly are of long dis tance trans port or i gin. The pres ence of the 
lat ter taxa in di cates the be gin ning of for est zones. Com mu -
ni ties of open veg e ta tion with grasses, mug worts and
goosefoot (Chenopodiaceae) were still com mon, but they
were ac com pa nied oc ca sion ally by other plants, what points 
to im pov er ish ment of these hab i tats and their re ces sion. The 
ap pear ance of greater quan ti ties of Filipendula and pteri do -
phytes (Filicales monolete) and ac com pa ny ing sedges

(Cyperaceae) may re flect an in crease in the pro por tion of
moist com mu ni ties. The soils were still af fected by in -
creased solifluction, as evidenced by the presence of
degraded sporomorphs and Dinoflagellate cysts.

Bo real and At lan tic
St 4’ - 8 Corylus-Tilia-Picea L PAZ
St VL-1 - 3 Tilia-Corylus-Carpinus-Abies L PAZ

The dom i nance of for est com mu ni ties with Corylus and 
Tilia cordata points to an im prove ment in cli mate and a fur -
ther sta bili sa tion of veg e ta tion zones. The con sid er able pro -
por tion of lime (Tilia) in the tree stands of the submontane
zone is par tic u larly note wor thy. These were ac com pa nied
by ad mix tures of Ulmus (elm), Quercus (oak) and Carpinus
(horn beam) – these were prob a bly fairly sparse, multi-spe -
cies mixed de cid u ous for ests. The stream val leys were oc -
cu pied by communites of Alnus glutinosa with Filipendula,
Cyperaceae and Filicales in the understorey. The lower for -
est zone was formed by Fagus (beech) and Abies (fir); while 
spruce (Picea) formed the up per moun tain for est zone oc -
cur ring above it. The open veg e ta tion com mu ni ties were in
re treat, but still pres ent. Poaceae and Ar te mi sia were their
main com po nents. Pol len of ce real crops (Cerealia t.), in -
clud ing Triticum t.(wheat) and Secale (rye) was re corded. A 
sig nif i cant pro por tion of the ar bo real pol len in this pol len
zone was dam aged, which may in di cate dis tur bance of the
sed i ment. A sim i lar phe nom e non as so ci ated with the dry ing 
and aer a tion of the sed i ments of the At lan tic age was also
re corded in the West ern Carpathians (Rybnickova et al.,
1989).

Subboreal
St 4’ - 10 Fagus-Picea-Carpinus-Abies L PAZ
St VL-1 - 4 Tilia-Carpinus-Abies-(Fagus) L PAZ

It seems likely that the for ma tion of montane for est
zones re sem bling the mod ern ones took place dur ing this
pe riod. Lime and horn beam dom i nated in the submontane
zone. They were ac com pa nied by ha zel (Corylus), ma ples
(Acer), ash (Fraxinus), and broad leaved lime (T. platy-
phyllos t.). The understorey was formed by Sambucus nigra
and Frangula. Wet ter sites were oc cu pied by com mu ni ties
of al der carr (Alnus). Yews (Taxus), wil lows (Salix) and ash 
most likely grew in these hab i tats. Beech-fir for ests formed
the lower montane zone, the up per montane zone be ing the
prov ince of the spruce. Some traces of ce real crop farming
are present.

Subatlantic
St 28 - 2 Carpinus-Abies-Picea-Fagus L PAZ

The Subatlantic pe riod was only re corded in frag ments
in sec tion St 28. It is char ac ter ized by a greater open ness of
the land scape, ex pressed in an in crease in her ba ceous pol len 
val ues, mainly grasses, Ar te mi sia, and ce real crops, in clud -
ing Triticum, Secale, and Fagopyrum (buckweat). A num -
ber of taxa as so ci ated with hu man ac tiv ity were also re -
corded, such as Plantago lanceolata (graz ing), as well as P.
maior, P. me dia or Polygonum aviculare.

St 4’ - 9 L PAZ
Lo cal level St 4’ - 9 in sec tion St 4’ prob a bly be longs to
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the Subatlantic pe riod. It is unmistakeably dis turbed and un -
suit able for the pur poses of in ter pre ta tion. This zone is also
char ac ter ised by a high pro por tion of Pinus sylvestris t. and
Tilia cordata t. pol len in its bot tom part, and a con sid er able
in crease in her ba ceous plant pol len in the top layer. The
sporomorphs of this zone showed a high de gree of cor ro -
sion. At the same time, the level was ra dio car bon-dated at
625 ± 50 years BP, i.e. the Subatlantic pe riod. The above
facts point to dis tur bance in this part of the St 4’ sec tion.
The most likely in ter pre ta tion seems to be con tam i na tion by 
de scend ing par ti cles from the youn gest, strongly aer ated
sed i ments. The high pro por tions of lime and pine pol len
with an ab sence of the pol len of other trees may be ex -
plained by a much greater resistance of the exine of these
two taxa to corrosion.

DIS CUS SION

In south-east ern Po land, Weichselian sites of paly no -
logi cal ly ex am ined or ganic sed i ments are in fre quent. The
sit u a tion is sim i lar with re spect to the sites of Ho lo cene age.
There are still fewer such sec tions from the Ukraine, from
where the Starunia sections were taken.

In the Dnister River Ba sin Halyè Re gion (West ern
Ukraine) there are sev eral sites of loesses and palaeosoils,
whose age spans the in ter val from the Early Weichselian to
his toric times (Komar, 2002; Boguckyj & £anczont, 2002).
The up per lay ers of the Yezupol sec tion re cord changes in
veg e ta tion, in di cat ing a Weichselian Interpleniglacial suc -
ces sion in the form of interstadial brown soil. The re sults of
palynological stud ies show that af ter a pe riod of the dom i -
nance of her ba ceous plants, in clud ing xerophytes and
halophytes, the de vel op ment of sparse pine for est with a
small com po nent of de cid u ous trees be gan in this re gion.
This level cor re sponds with the Dubno soil ho ri zon, as dis -
tin guished by Boguckyj and £anczont (2002). Geomor-
phological anal y sis of the Kolodiiv sec tion (Boguckyj &
£anczont, 2002) has made pos si ble a de tailed stra tig ra phy
of the interpleniglacial. Two lev els of sub arc tic brown soils, 
Dubno 2 – the older one, and Dubno 1 – the youn ger one,
have been dis tin guished in this sec tion, which arose in
interstadial con di tions, and a layer of loess sep a rat ing them,
which de vel oped un der stadial con di tions. In di vid ual lay ers
cor re spond to the mid dle part of the Weichselian Plenigla -
cial in the Dnister River Basin Halyè Region.

The sec tion from Rzochów near Mielec (Œrodoñ, 1976), 
where the mam moth skel e ton was found (Mammuthus tro-
gontherii) (bones dated at 50,000 – 56,000 years BP), pres -
ents a pic ture of for est steppe dur ing the Brörup Interstadial
(Early Weichselian). Sparse pine for ests dom i nated the
land scape, with ju ni per and com mu ni ties of the grassy
steppe type with sedges, mug worts and nu mer ous light-lov -
ing plants. In the river val ley al der woods grew with Alnus,
Pinus, Picea, Betula, and Humulus lupulus.

BrzeŸnica on the Wis³oka River, ly ing some 15 km
south of Rzochów (Mamakowa & Starkel, 1974), whose
sed i ments were dated at 35,965±1000 yeara BP – Hengelo
Interstadial (BrzeŸnica B) and 27,990±1,415 yeras BP –
Denekamp Interstadial (BrzeŸnica A), also pres ents a for -

est-steppe land scape. Pinus cembra, Larix and Juniperus
dom i nated here, and Ephedra fragilis and E. distachya were 
also found to oc cur. Com mu ni ties of dwarf shrub tun dra
with Betula nana and Salix po laris played a sig nif i cant role, 
as well as those with Poaceae and Ar te mi sia. As at Starunia,
also in BrzeŸnica sed i ments of the young Ho lo cene lie
above those of the Pleni-Weichselian. A horn beam trunk
(Carpinus) was dated to the Subboreal Pe riod (3,380±65
years BP). Horn beam for ests with oak and beech dom i nated 
dur ing this time, and in the river val ley also al der woods
with lime and tree-birches occurred.

The bot tom of the sed i ments from £¹¿ek near Zaklików 
on the Sanna River (Mamakowa, 1968) was dated at 25,580
(+3 270 –2 420) years BP, i.e. also to the up per Pleni-
Weichselian. In this case, the re sults of pol len anal y sis also
point to the pres ence of veg e ta tion of the park tun dra type at 
that time, with patches of poorly dif fer en ti ated pine-larch
for est. Steppe com mu ni ties with a large amount of grass and 
light-lov ing plants also de vel oped (Ar te mi sia, Chenopodia-
ceae, Helianthemum oelandicum, Linum austriacum and
Ephedra distachya).

The age of the bot tom of the peat sed i ments from
Jas³o-Bry³y (Mamakowa & Wójcik, 1987) was de ter mined
at over 45,000 years BP – Hengelo Interstadial, the top of
the up per layer – 34,000±1,000 years BP, and its bot tom –
35,300±1,500 years BP. Ini tially, park tun dra dom i nated in
the Pleni-Weichselian in the re gion of Jas³o, with Larix,
Pinus cembra and Juniperus; Alnus viridis also oc curred at
this time. It de vel oped into a more open land scape with
dom i nant grasses and sedges and fre quently pres ent light-
lov ing her ba ceous plants, Pleurospermum austriacum and
Helianthemum nummularium among oth ers. These were ac -
com pa nied by Betula nana on the wet ter sites. Tree thick ets
were formed of Pinus cembra and Larix.

The most com plete palynological re cords re lated in
terms of their veg e ta tion de vel op ment to those at Starunia
lie in the Bieszczady Mts. (Ralska-Jasiewiczowa, 1980).
The Tarnawa Wy¿na I and II sites pres ent a plant suc ces sion 
from the Older Dryas (Late Weichselian) to the Subatlantic
Pe riod. In the Alleröd, fairly sparse pine for ests dom i nated
by Pinus cembra, Larix, and Juniperus. Picea also ap -
peared. Cool ing in the Youn ger Dryas brought with it the
dom i nance of open veg e ta tion with a dom i nance of grasses
and mug worts, with fre quently oc cur ring Asteraceae and in -
fre quent trees of Pinus sylvestris, Pinus cembra, Larix and
Juniperus. The Preboreal Pe riod was char ac ter ized by an in -
crease in the pro por tion of pine and a dis tinct re duc tion in
the pro por tion of herbal veg e ta tion. In the Bo real Pe riod
for ests with Ulmus, Betula and Alnus dom i nated. In the At -
lan tic Pe riod, Corylus did spread, with Quercus and Tilia
cordata. Fagus be gan to dom i nate from the Subboreal Pe -
riod to the Subatlantic Pe riod, to gether with Carpinus and
Abies. Other sites in the Bieszczady Mts. (Ralska-Jasiewi-
czowa, 1980) de scribe plant suc ces sion from the At lan tic
Pe riod – Smerek and Zakole, Subboreal Period – Smolnik
and Wo³osate, to the Subatlantic Period.

In pol len sec tions from Starunia (Tab. 1, Figs 2A, 3A),
in sed i ments as cribed to the Bo real Pe riod, Abies pol len is
pres ent. Its low per cent ages (<1%) most prob a bly sug gest a
long dis tance trans port, but scarce stands of this tree in this
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part of the Carpathians can not be ruled out. How ever, this
oc cur rence re quires more de tailed stud ies of or ganic sed i -
ments of this age from the ter ri tory of the Ukraine.

 CON CLU SIONS

The eco log i cal re cord of Qua ter nary or ganic sed i ments
from the Velyky Lukavets River val ley shows some cor re -
spon dence with data from the Pol ish Carpathians. In sig nif i -
cant dif fer ences, first of all the dom i nance of the open
grass land com mu ni ties, are due to the geo graph ical lo ca tion 
and in flu ences of more con ti nen tal cli mate con di tions for
the veg e ta tion of the stud ied site.

The de vel op ment of Pleni-Weichselian plant com mu ni -
ties, both in colder (stadials) and warmer pe ri ods (intersta-
di als) clearly show com mu ni ties by the name of mam moth
steppe de vel op ing and dom i nat ing at that time in the Velyky 
Lukavets River val ley, and no doubt also on the scale of the
whole area of the Ukrai nian Carpathians. This plant for ma -
tion is char ac ter is tic of sites, at which large Pleis to cene
mam mals were found to be pres ent both on the Eur asian and 
North Amer i can con ti nent (Guthrie, 1982, 1990).

The Ho lo cene veg e ta tion his tory in the ter ri tory of the
Ukraine, ow ing to the short dis tances to the Carpathian and
Bal kan gla cial ref uges, was much more dy namic com pared
to that of Po land. Ex pan sion of Tilia, Abies, and Fagus was
very quick and took place nearly at the same time, while
these trees en croached the Pol ish ter ri tory con sid er ably later 
and within a much longer time interval.
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