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Ab stract: The unique na ture of the Sta runia pa lae on to logi cal site, where near- perfectly pre served large mam mals
were dis cov ered at the be gin ning of the 20th cen tury, and in com plete knowl edge on the de vel op ment of
pa laeoen vi ron ment in the Ve lyky Lu kavets River val ley in the Late Pleis to cene and Holo cene were the rea sons for 
un der tak ing new com pre hen sive pa laeo bo tani cal and mala co logi cal stud ies. Sta runia is also one of the sites
bear ing Pleis to cene fos sil flora, rare in this part of Europe. The re sults of plant mac ro fos sil analy sis show that in
the Wei chse lian Mid dle Pleni gla cial the land scape was domi nated by steppe and tun dra plant com mu ni ties, be ing
rep re sented mostly by vari ous grass and sedge spe cies. Ar eas of higher hu mid ity were cov ered with shrub tun dra
with Be tula nana. The tem pera ture re quire ments of taxa which are cool cli mate in di ca tors show that the mini mum
July tem pera ture amounted to at least 10°C. The rec ord of Late Wei chse lian mala co fauna con firms the domi nance
of an open land scape, mostly with steppe and steppe- tundra com mu ni ties, as well as the pres ence of a dry,
con ti nen tal cli mate. At the be gin ning of the Holo cene, an im prove ment of cli matic and hu mid ity con di tions led to
a fast lo cal ex pan sion of plant com mu ni ties of the low and tran si tion peat bog type, in the sur round ings of shal low, 
pe ri odi cally drying- up wa ter pools. From the Mid dle Pleni gla cial up to the pres ent day, the area has been
char ac ter ized by the pres ence of spe cies tol er at ing an in creased amount of salt in the en vi ron ment. Their pres ence
should be as so ci ated with natu ral brine ef flu ences de rived from Mio cene strata in the bed rock.
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IN TRO DUC TION

In 1907, in an ozo ke rite (earth wax) mine at Sta runia
(Ukraine) re mains of a woolly mam moth and rhi noc eros
pre served in an un usu ally good con di tion were dis cov ered
(£om nicki, 1914). Thanks to satu ra tion with pe tro leum and
brine, both soft tis sues and bones were pre served. Apart
from the woolly rhi noc eros and mam moth, nu mer ous plant
re mains, like fruits, leaves and wood frag ments were found
(Ra ci bor ski, 1914a, b; Szafer, 1914). In 1929, dur ing ex ca -
va tions con ducted by the Pol ish Acad emy of Arts and Sci -
ences, a nearly in tact car cass of woolly rhi noc eros was

found, be ing so far the only such speci men in the world.
Flora from the rhi noc eros di rect sur round ings and from the
ani mal in te rior was par tially stud ied by Szafer (1930).
Moreo ver, sev eral spe cies of mol luscs – snails and bi valves
– were de ter mined (£om nicki, 1908, 1914).

The unique char ac ter of the Sta runia site, as well as in -
com plete knowl edge on the Pleis to cene vege ta tion his tory
of this area, were the rea sons for un der tak ing new com pre -
hen sive pa laeo bo tani cal re search with the ap pli ca tion of
mod ern meth ods. The study of plant mac ro re mains as well



as mala co logi cal re search were car ried out as part of a proj -
ect con ducted by the AGH Uni ver sity of Sci ence and Tech -
nol ogy in Kraków (Ko tarba, 2009). Ma te rial for pa laeo bo -
tani cal and mala co logi cal stud ies was taken from fully-
 cored bore holes made in autumn 2007 and spring 2008.
A detailed analy sis of plant mac ro re mains was ap plied to
sam ples taken from bore holes Nos 4’, 22 and 28, and two
out crops in the Ve lyky Lu kavets River val ley (de noted as
VL-1 and VL-3), whereas mala co logi cal analy sis was car -
ried out on the ma te rial sam pled from bore holes Nos 4, 5,
14, 22 and 43.

The study of flora and fauna ac com pa ny ing the mam -
moth and woolly rhi noc eros re mains from Sta runia play a
sig nifi cant part in de tailed re con struc tions of the pa laeoen -
vi ron ment, in clud ing suc ces sion of lo cal vege ta tion, and the 
es ti ma tion of cli mate and eco logi cal con di tions in the wa ter
ba sin, in which bod ies of the large mam mals were found.

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

The site, known for the dis cov ery of unique speci mens
of the ex tinct woolly rhi noc eros and mam moth, is situ ated
in the area of a closed min eral wax mine at Sta runia, about
130 km to the SE of Lviv. The study area, cov er ing the sur -
face of about 10.5 ha, is lo cated in the vi cin ity of Sta runia
vil lage, in the val ley of the Ve lyky Lu kavets River and the
Rinne Stream, in the fore land of the Bor der Be skid Mts.,
within the Gor gany Fore- Carpathians (Kravchuk, 1999).

The Qua ter nary sedi ments fill ing the Ve lyky Lu kavets
River val ley rest on the Lower Mio cene mo lasse strata of
the Vo ro tyshcha salt- bearing beds, de vel oped as mud stones
and clayey shales with sand stone in ter ca la tions, in which
beds of marls, as well as strata, lenses and veins of gyp sum,
py rite, sul phur, an hy drite, rock- salt, po tas sium salt and ozo -
ke rite can be found (Mi tura, 1944; Ko rin, 2005). These
strata are oc ca sion ally re placed by the Slo boda Con glom er -
ates and sandstone- shale Do bro tiv beds.

The above- mentioned strata, to gether with un der ly ing
flysch rocks, build the Boryslav- Pokuttya Unit, form ing
sev eral slices thrust one over an other to the NE (Kol tun et
al., 2005). In the top part of the flysch se ries there oc cur
clayey shales, mud stones and sand stones (so- called Kliwa
Sand stones) of the Menil ite beds. The Lower Mio cene com -
plex ter mi nates with the Steb nik beds.

Pleis to cene sedi ments, par ticu larly of the clayey fa cies,
in which the large ver te brates were found, were satu rated
with brine and pe tro leum de rived from the un der ly ing Mio -
cene strata. Close to Sta runia, ef flu ences of brine and oil,
small lakes, and even mud vol ca noes oc cur on the ground
sur face (Ko tarba, 2005).

HIS TORY OF PALAEOBOTANICAL
RE SEARCH

In 1907, in the clays of mine shaft IV, apart from the
woolly rhi noc eros, mam moth and other ani mal re mains, nu -
mer ous plant re mains in the form of fruits, leaves, and wood 

frag ments were found. The leaves and fruits were stud ied by 
Ra ci bor ski (1914a, b), who de ter mined sev eral spe cies of
trees, shrubs, and her ba ceous plants. The most fre quently
rep re sented were leaves of two oak spe cies: Quer cus ses si -
flora and Q. ro bur, and two wil low spe cies: Salix amyg -
dalina and S. sabuly. Analy sis of wood frag ments was car -
ried out by Szafer (1914). An abun dant ma te rial was formed 
by large parts of trunks, boughs and small twigs. Like in
case of leaves, the wood com po si tion was domi nated by oak 
and wil low. There also oc curred nu mer ous wood pieces of
elm, ash and birch.

On the ba sis of analy sis of plant mac ro re mains, the re -
search ers ob tained the pic ture of vege ta tion cor re spond ing
to the present- day flora found in the sur round ings of mine -
shaft IV. Later ex ca va tions re vealed that both mam mals re -
mains and plant re mains were placed in a sec on dary de posit
(Nowak & Panow, 1930; Szafer, 1930). The car cass of the
sec ond rhi noc eros, found in 1929, was sur rounded by grey
clays with a large ad mix ture of or ganic ma te rial. Flora from
the clays of the di rect sur round ings of the rhi noc eros and
from the ani mal in te rior was par tially stud ied by Szafer
(1930). The re main ing ma te rial is housed at the Pa laeo bo -
tani cal Mu seum of the W. Szafer In sti tute of Bot any of the
Pol ish Acad emy of Sci ences in Kraków. On the ba sis of the
flora com po si tion, Szafer (1930) stated that it cor re sponds
to the en vi ron ment of present- day arc tic tun dra, and he re -
lated the age of the ex am ined de pos its to the “maxi mum di -
lu vial gla cia tion”, Cra co vien. Ra dio car bon dat ing, car ried
out in 1971 (Ku biak, 1971), changed the sug gested strati-
graphic po si tion of the rhi noc eros to an in ter sta dial of Mid -
dle Wei chse lian age, the Hengelo in ter sta dial (Granoszew-
ski, 2002). How ever, the pre ci sion of this ra dio car bon de -
ter mi na tion is not re li able (Kuc et al., 2005). In the Car pa -
thian Moun tains two sites of cool flo ras ex ist, which are, at
the mo ment, as so ci ated with this in ter sta dial – BrzeŸnica
(Mamakowa & Starkel, 1974) and Jas³o- Bry³y (Ma makowa
& Wójcik, 1987), both situ ated in the Wis³oka River val ley.
In the grey clays of Sta runia there also oc curred twigs of
mosses, which were stud ied by Sza fran (1934) and Gams
(1934). A de tailed study on the wil low leaves was un der -
taken by Ku cowa (1954), who dis tin guished sev eral spe cies 
on the ba sis of leaf mor phol ogy.

In the out crops of the Ve lyky Lu kavets River, nu mer -
ous frag ments of co nif er ous and de cidu ous tree trunks were
found. Their age was de ter mined as the Mid dle Ages (12th

to 14th cen tu ries) by Kr¹piec (cf. S. W. Al ex androwicz et
al., 2005), on the ba sis of den dro chro no logi cal analy sis.

HIS TORY OF MALACOLOGICAL
RE SEARCH

Data con cern ing the mala co fauna of Qua ter nary de pos -
its from the Sta runia area are in suf fi cient and were col lected 
only in the first stage of ex ca va tions, in 1907 (S. W. Al ex -
androwicz, 2003, 2004). A list of fauna with a com men tary
was pub lished by £om nicki (1908), and later these data, in a 
slightly ex panded ver sion, were in cluded in a mono graph
pub lished by the Acad emy of Arts and Sci ence (Bay ger et
al., 1914). In pub li ca tions deal ing with later ex ca va tions
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con ducted be tween 1929 and 1933, the mala co fauna was
not men tioned. How ever, the re main ing notes show that
dur ing the rins ing of de pos its a few mol lusc shells were
found, but they were not stud ied and were proba bly lost (S.
W. Al ex androwicz, 2003, 2004). The mol lusc fauna was
also re corded in fen soils of the Lu kavets Maly River near
the Gvizd vil lage, lo cated in Sta runia’s close sur round ings
(Ro gala, 1907; S. W. Al ex androwicz et al., 2005). So far,
pa pers by Ro gala (1907) and £om nicki (1908) are the only
stud ies of mala co fauna in Qua ter nary de pos its of Sta runia
and its clos est area (S. W. Al ex androwicz, 2003, 2004).
Even poorer is the knowl edge on the present- day mala co -
fauna in Sta runia, be ing lim ited only to su per fi cial ob ser va -
tions car ried out dur ing field work in the years of 2007 and
2008.

MA TE RIAL AND METH ODS

Plant macroremains

There were over 40 fully- cored bore holes made in the
study area, with a drill core di ame ter of 6–12 cm and reach -
ing the base of Qua ter nary sedi ments. Analy sis of plant
macrore mains was car ried out for ma te rial ob tained from
five study sites in the Ve lyky Lu kavets River val ley (Fig. 1).

Sam pling for analy sis of mac ro scopic plant re mains
was con ducted in a close as so cia tion with sam pling for pol -
len analy sis. Each sam ple for pol len analy sis was taken in
the mid dle of a 10 cm seg ment meant for mac ro scopic plant
re mains analy sis (Stachowicz- Rybka et al., 2009).

The sam ples, 150 ml in vol ume, were mac er ated us ing a 
10% KOH so lu tion and de ter gents (in case of silts su per -
satu rated with bi tu mens). Af ter boil ing the de pos its to a
pulp, the sam ples were wet- sieved on a sieve with the mesh
di ame ter of 0.2 mm. Ma te rial re main ing on the sieve was
sorted out un der a bin ocu lar low- power mi cro scope. All the
plant re mains quali fy ing for iden ti fi ca tion were seg re gated
and placed in a mix ture of glyc er ine, wa ter and etha nol in a
ra tio of 1:1:1, with an ad di tion of thy mol.

The found plant re mains: seeds, fruits, nee dles, and
other veg e ta tive parts were iden ti fied us ing keys, at lases
and other pub li ca tions (Velichkevich & Zastawniak, 2006,
2008; Beijerinck, 1947; Berggren, 1969; Kats et al., 1965;
Nilsson & Hjelmquist, 1967), as well as the ref er ence col -
lec tion of pres ent-day seeds and fruits and the fos sil flora
col lec tions from the Palaeobotanical Mu seum of the W.
Szafer In sti tute of Bot any of the Pol ish Acad emy of
Sciences in Kraków.

Well pre served re mains were de ter mined to the rank of
spe cies. Names of vas cu lar plants fol low Mirek et al.
(2002).

The ra dio car bon datings were per formed by the Poznañ 
Ra dio car bon Lab o ra tory (for de tails see Kuc et al., 2009).

Qual i ta tive and quan ti ta tive re sults are pre sented in di a -
grams plot ted with the POLPAL soft ware for Win dows
(Nalepka & Walanus, 2003; Walanus & Nalepka, 1999).
The dis tinc tion of zones was car ried out ac cord ing to the
pres ence of one or sev eral most nu mer ous or char ac ter is tic
taxa. The names of the zones given in Ta ble 1 orig i nate
from these taxa. Bound aries be tween the zones were in di -

cated on the ba sis of the ap pear ance, dis ap pear ance, in -
crease or de crease in the num ber of taxa of quantitative or
indicative significance.

Malacofauna

The stud ied ma te rial in cluded sam ples from drill cores.
The sam ples, about 0.5–0.7 kg each, rep re sented thick ness
in ter vals of 0.25 m. Al though they were taken from sev eral
drill cores, mol lusc shells pre served well enough to en able
spe cies de ter mi na tion were found only in a few. Lab o ra tory
pro cess ing of the ma te rial in cluded mac er a tion and wet-sie-
ving of sed i ment, fol lowed by a se lec tion of all in tact mol -
lusk shells and their frag ments qual i fy ing for iden ti fi ca tion.
The de ter mi na tion was car ried out with use of pub li ca tions
and com par a tive col lec tions. The de ter mined spe cies were
clas si fied to eco log i cal groups de fined by Ložek (1964) and 
S. W. Alexandrowicz (1987). In the ana lysed ma te rial, the
fol low ing groups are rep re sented: spe cies of open en vi ron -
ments (group 5 – O), euryecological (mesophile) snails typ i -
cal for hab i tats of me dium hu mid ity (group 7 – M), eury-
eco log i cal (mesophile) snails typ i cal for hu mid hab i tats
(group 8 – M), hygrophile taxa in hab it ing fens and swamps
(group 9 – H), and aquatic molluscs (group 10 – W). The re -
sults are com piled in the Malacological Spec trum of In di -
vid u als – MSI (Ložek, 1964; S. W. Alexandrowicz, 1987).
The ba sis of the palaeoclimatic in ter pre ta tion was the dis -
tinc tion of mol lusc spe cies groups, re flect ing their pres -
ent-day north ern range (Sparks, 1969; Kerney et al., 1983;
S. W. Alexandrowicz, 1987). Zoo geo graphic com po si tion
of the groups was de scribed on the ba sis of a pat tern pre -
sented by Ložek (1964) and S. W. Alexandrowicz (1987).
Ter nary di a grams il lus trate the en vi ron men tal changes in
the area of Starunia at the time when the dis cussed sed i -
ments were ac cu mu lated. Malacological anal y sis was car -
ried out for mol lusc shells and shell frag ments ob tained
from cores of six bore holes Nos 4, 5, 14, 22, 28 and 43 (Fig.
1). Un for tu nately, lithological prop er ties of the sed i ments,
par tic u larly a very low con tent or lack of cal cium car bon ate, 
cre ated con di tions strongly un suit able for the pres er va tion
of spec i mens that could be in dis put ably de ter mined to spe -
cies or even gen era. Among sev eral dozen of ob tained sam -
ples, only 7 did con tain spec i mens qual i fied for de ter mi na -
tion. In a few other sam ples there oc curred a heavily
crushed shell ma te rial, the de ter mi na tion of which was im -
pos si ble. The whole ana lysed fauna in cludes 20 mol lusc
spe cies: 14 land snails, 3 aquatic snails and 3 bi valves. Ad -
di tion ally, there also ap peared cal cium plates pro duced by
un shelled snails ar bi trarily named Limacidae. In all analy-
sed samples, a total of almost 250 specimens was determi-
ned. The number of taxa in particular samples fluctuated
from 3 to 13, and the number of specimens from 8 to 121,
respectively.

DE SCRIP TION OF SED I MENTS AND
ZONES OF PLANT MACROREMAINS

A de tailed de scrip tion of sed i ment from sec tions se -
lected for anal y sis of plants macroremains, as well as the
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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 and malacological stud ies
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Ta ble 1

De scrip tion of Lo cal Macrofossil As sem blage Zones L MAZ

Local Macrofossil
Assemblage Zones L
MAZ

Depth (m) Zone description

Borehole 4'

Star 4'/I
Batrachium

5.10-4.35 Single fruits of Batrachium sp., Poaceae and Typha sp. seeds are recorded

Star 4'/II
Betula nana

4.35-3.60
The only zone with fruits and scales of Betula nana and single fruits of Betula sp. present. From the bottom
to the top the participation of Poaceae sp. seeds increases. Mire plants: Eleocharis palustris and
Schoenoplectus tabernaemontani appear

Star 4'/III 
Schoenoplectus-
Eleocharis

3.60-3.45

Aquatic plants are represented by Potamogeton filiformis and Zannichellia palustris. Among mire plants,
Eleocharis palustris and Schoenoplectus tabernaemontani reach their highest values. Poaceae reach their
maximum values in the whole section. At the top, the Caryophyllaceae are recorded for the first time and
Typha sp. appears again

Star 4'/VI
Eleocharis-Poaceae

3.45-2.55
The frequency of mire plant remains decreases, aquatic plants disappear. Values for Poaceae sp., Eleocharis
sp. and Typha sp. are considerably lower than in the preceding zone

Star 4'/V
Schoenoplectus-Typha

2.55-2.15
At the bottom, aquatic plants: Potamogeton filiformis and Zannichellia palustris, appear again. Typha sp.
reaches its highest values in the whole section. The participation of Poaceae and Eleocharis sp. increases
again

Star 4'/VI
Typha-Juncus

2.15-1.15
The number of diaspores decreases significantly. Single seeds of Typha sp., Plantago lanceolata and
Potentilla sp. are found

Star 4'/VII
Juncus

1.15-0.7
Dominance of Juncus cf. glaucus/effusus, Juncus sp. and Typha sp. seeds. Single fruits of Mentha sp. and
Carex sp. are also present

Borehole 22

Star 22/I
Betula nana-Eleocharis

5.90-4.80

The zone is characterized by the presence of very numerous Eleocharis palustris fruits, with a culmination in
the  middle part. The diaspores of Poaceae, Triglochin maritimum, Juncus sp. and Bidens tripartita also reach 
their highest values in this zone. Moreover, several aquatic and mire plants: Zannichellia palustris,
Potamogeton filiformis, Batrachium sp. and Schoenoplectus lacustris were determined

Star 22/II
Triglochin-Betula nana-
Poaceae

4.80-4.20
Betula nana reaches its maximum values. Seeds of Poaceae sp. and, Juncus sp., as well as seeds and fruits of
Triglochin maritimum, are still very numerous. Only single remains of aquatic plants: Zannichellia palustris
and Batrachium sp. were determined in the bottom section of the zone

Star 22/III
Juncus -Betula nana

4.20-3.40
The number of diaspores decreases significantly in all ecological groups. Juncus sp. still retains high values.
Plants of humid areas: Eleocharis palustris, Comarum palustre and Triglochin maritimum are still
represented relatively well

Star 22/VI
Juncus

3.40-2.80
The upper boundary of the zone is indicated by the last occurrence of Betula nana remains. Plant remains
frequency is very low. Only Juncus sp. seeds are quite numerous 

Star 22/V
Phragmites-Cenococcum

2.80-0.20
A zone with the lowest plant remains frequency in all ecological groups. The remains of Betula sect. Albae,
Abies alba and plants of humid habitats like Schoenoplectus lacustris, Stachys palustris and Eriophorum
vaginatum were determined

Star 22/VI
Poaceae-Juncus

0.20-0.00
The number of remains increases, particularly belonging to plant of humid habitats. Seeds of Poaceae sp.,
Juncus sp. and Chenopodium album as well as fruits of Taraxacum officinale reach high values

Borehole 28

Plant macroremains analysis covers samples from the depth between 640 and 50 cm. Only several samples from the top of the section contained plant
macrofossils of Juncus sp., Carex cespitosa, C. elata, Potentilla erecta, Plantago major and Phragmites australis that could be determined

Outcrop VL1

Star VL1\I
Cenococcum geophilum

3.15-2.35

The zone is characterized by the presence of numerous Cenococcum geophilum sclerotia at the top of the
section and a small number of plant macroremains. Remains of trees and shrubs: Betula nana, B. humilis,
Juniperus communis and Rubus idaeus are present. Single seeds of Viola palustris and fruits of Urtica dioica
are also found

Star VL1/II
Betula nana

2.35-2.05
The lower boundary of the zone is indicated by an increase in the number of Betula nana fruits, and the upper 
boundary - by their last occurrence. Carex sp. div. 2-sided reach their maximum number. Fruits of Betula
sect. Albae and Scirpus sylvaticus were also determined. No remains of mire and aquatic plants were found

Star VL1/III
Typha sp.

2.05-1.65
The zone of highest values for Typha sp. and Carex sp. div. 3-sided. Fruits of Betula sect. Albae represent
trees

Star VL1/ IV 1.65-0.95
Zone of the lowest frequency of remains. Single seeds of Juncus sp. and sclerotia of Cenococcum geophilum
are present 

Star VL1/V
Juncus-Lychnis
flos-cuculi

0.93-0.00
Zone characterized by an increase in the participation of remains of plants from humid and peat bog habi-
tats. Maximum values are reached by Juncus sp. and Poaceae sp. The only zone, in which Potentilla erecta,
Lychnis flos-cuculi as well as Ranunculus lingua (which represents an aquatic environment) are found



spa tial dis tri bu tion of Quarternary sed i ments in the Velyky
Lukavets River val ley, were pre sented by Soko³owski et
al.., (2009). The anal y sis of plant macroremains was car ried 
out for ma te rial ob tained from bore holes Nos 4’, 22 and 28
and out crops VL-1 and VL-3 (Fig. 1).

Bore hole No. 4’
Bore hole No. 4’ is lo cated in the NE part of the study

area (Fig. 1) and in cludes 4.35 m of or ganic sed i ments, from 
which 87 sam ples were taken. The ex am ined sed i ments rest
on Mio cene strata and are cov ered by a mine dump, 0.7 m
thick. The sec tion is rep re sented mainly by clayey mud with 
plant de tri tus, peat, biogenic mud, and mud sat u rated by bi -
tu men (Fig. 2). The con ducted anal y sis of bo tan i cal com po -
si tion al lows for a dis tinc tion of 7 phases in the de vel op -
ment of veg e ta tion – Star 4’ I–VII (Table 1).

Bore hole No. 22
Bore hole No. 22 is lo cated about 160 m to the SE from

the place of the rhi noc eros and mam moth find ing (Fig. 1)
and in cludes 5.80 m of or ganic sed i ments, from which 59
sam ples were taken. The ex am ined sed i ments are un der lain
by Mio cene strata and are cov ered by a mine dump, 30 cm
thick. The ex am ined sed i ments in clude: clayey mud with
plant de tri tus, peat mud, coarse-clastics sat u rated by bi tu -
men and peat in the top sec tion (Fig. 3A). The con ducted
anal y sis of bo tan i cal com po si tion al lows for a dis tinc tion of
6 phases in the de vel op ment of vegetation – Star 22 I–VI
(Table 1).

Bore hole No. 28
Bore hole No. 28 is lo cated clos est to the place of find -

ing of large mam mals (Fig. 1, Ta ble 1) and in cludes 6.1 m
of or ganic sed i ments, from which 34 sam ples were ana -
lysed. The ex am ined sed i ments are placed on Mio cene
strata and are cov ered by a mine dump, 30 cm thick. They
are com posed mostly of clayey mud and a peat (0.5 m thick) 
at the top of the sec tion. A gravel bed oc curs at the base of
the clayey de pos its. The anal y sis of bo tan i cal com po si tion
shows that there are al most no plant re mains, which could

be qual i fied for de ter mi na tion. A poor con tent of plant re -
mains made plot ting the di a gram and de tailed anal y sis of
the vegetation development phases impossible.

Out crop VL-1
Out crop VL-1 (Fig. 1), lo cated on the Velyky Lukavets

River left bank, is 3.0 m thick. From the seg ment of or ganic
sed i ments, 49 sam ples were taken for anal y sis. The base of
the sam pled out crop is marked by the river bed level,
whereas at the top a mine dump bed, about 2 m thick, oc -
curs. The con ducted anal y sis of bo tan i cal com po si tion al -
lows for a dis tinc tion of 6 phases in the de vel op ment of veg -
e ta tion – Star VL-1 I-VI (Fig. 3B, Table 1).

Out crop VL-3
From out crop VL-3 (Fig. 1), lo cated on the Velyky

Lukavets River right bank, 21 sam ples were taken from the
seg ment of min eral-or ganic sed i ments, 2.1 m thick. The
base of the core is marked by the river bed level, whereas
the top is marked by a gravel bed, sev eral centi metres thick.
Up the sec tion, a ca. 1.2 m thick bed of fen soil oc curs, with
soil de vel oped at the top (Soko³owski et al.., 2009). The
con ducted anal y sis of bo tan i cal com po si tion al lows for a
dis tinc tion of 4 phases in the de vel op ment of veg e ta tion –
Star VL-3 I-IV (Fig. 4, Table 1).

DE SCRIP TION OF MALACOFAUNA

Sam ples for malacological anal y sis were taken from
five bore holes Nos 4, 5, 14, 22 and 43 (Fig. 1).

From bore hole No. 4 one sam ple was taken from a
depth of 4 m, con tain ing a very poor fauna (with 3 spe cies
and 8 spec i mens). The group found here is com posed of two 
aquatic mol lusc spe cies: Galba truncatula (Müll.) and Pisi-
dium obtusale laponicum (Cless.), and a hygrophile land
snail taxon – Ver tigo genesii (Gred.). There also oc curred
quite nu mer ous, small frag ments of Ver tigo or Columella
shells, not qual i fy ing for de ter mi na tion. The group pre -
sented above is typ i cal for a very cold cli mate and strongly
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Ta ble 1 contined

Local Macrofossil
Assemblage Zones L
MAZ

Depth (m) Zone description

Outcrop VL3

Star VL3/I
Alnus incana-Alisma
plantago-aquatica/
lanceoloata

2.10-1.75 
The only zone, in which tree macrofossils occur. The presence of Alnus incana, A. glutinosa and Picea abies
was recorded. As an aquatic plant, Alisma plantago-aquatica/lanceolata was determined. There also occurred 
Polygonum hydropiper, Sparganium neglectum and Carex pseudocyperus

Star VL3/ II
Alisma plantago-
aquatica/lanceoloata

1.75-1.30
Alisma plantago-aquatica/lanceoloata is still highly numerous. Aquatic plants are also represented by
Sparganium neglectum and Polygonum hydropiper. At the top of the zone, the participation of Scirpus
sylvaticus increases 

Star VL3/III
Scirpus silvaticus-
Poaceae

1.30-0.50
The seeds of Alisma plantago-aquatica/lanceolata almost disappear. The participation of Scirpus sylvaticus,
Carex cf. divulsa and Ranunculus cf.  repens increases. After a decrease of Carex cf. divulsa there is an
increase of Juncus sp. The participation of Poaceae seeds is the highest in this zone 

Star VL3/IV
Poaceae-Plantago media

0.50-0.00
Increase of the content of remains of plants with lower humidity requirements. Diaspores of Sambucus sp.,
Plantago media and Taraxacum officinale, not recorded so far, were found. Oospores of Chara sp. appear as
representation of plants from aquatic habitats 



boggy hab i tats. It char ac ter izes an arctic tundra en vi ron-
ment.

In bore hole No. 5, in one sam ple taken from a depth of
2.3 m, a poor mol lusc group (with 4 spe cies and 27 spec i -
mens) was found. It was char ac ter ized by dom i nance of

aquatic spe cies typ i cal for shal low and pe ri od i cally dis ap -
pear ing pools: Galba truncatula (Müll.) and Anisus leuco-
stomus (Mill.). It is com pleted by land snail spe cies as so ci -
ated with open hab i tats of a di ver si fied hu mid ity: Pupilla
muscorum (L.) and Ver tigo angustior Jeffr.
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Fig. 2. Plant macrofossil di a gram for bore hole No. 4’



From bore hole No. 14 two sam ples were taken, in clud -
ing a quite abun dant mol lusc group. In the lower sam ple,
taken from a depth of 2.3 m, the mol lusc fauna is poor (7
spe cies, 25 spec i mens). It is char ac ter ized by nu mer ous oc -
cur rence of aquatic spe cies, Galba truncatula (Müll.) and
Ra dix peregra peregra (Müll.), which are ac com pa nied by
land, mainly hygrophile snails: Ver tigo antivertigo (Drap.)
and Succinea putris (L.). The up per sam ple (from a depth of 
2.0 m) abounds in mol lusc shells (13 spe cies and 121 spec i -
mens). The four most im por tant taxa found here are: Galba
truncatula (Müll.), Ra dix peregra peregra (Müll.) and Ani-
sus leucostomus (Mill.), as forms typ i cal for pe ri od i cal wa -
ter pools, and Pisidium casertanum (Poli.), as an euryecolo- 
gical bi valve spe cies. The group is completed by land snails.

Bore holes Nos 5 and 14 are lo cated close to each other
and they were sam pled at a sim i lar depth (Fig. 1). The mala- 
cofauna groups iden ti fied in the three sam ples de scribed
above have a sim i lar spe cies com po si tion and rep re sent a
sim i lar type of hab i tat. This in di cates the ex is tence, at least
in the north ern part of the study area, of a shal low and pe ri -
od i cally dis ap pear ing wa ter pool, sur rounded by open land
hab i tats with a quite high hu mid ity. A fact worth no tic ing is
also the total lack of cold-adapted species.

In bore hole No. 22, two sam ples taken from the top of
the sec tion (at the depths of 0.1–0.2 m and 0.2–0.3 m) con -
tained sim i lar mol lusc groups cov er ing a to tal of 8 taxa and
33 spec i mens. Malacofauna is dom i nated by land spe cies
typ i cal for open and rel a tively dry hab i tats: Vallonia pul-
chella (Müll.), Pupilla muscorum (L.), and Ver tigo pyg-
maea (Drap.). It is com pleted by mesophile spe cies of hab i -
tats show ing me dium hu mid ity. Aquatic forms are of ac ces -
sory im por tance. All spe cies in cluded in the pre sented
group oc cur in the pres ent-day area of Starunia. The group’s 
eco log i cal de scrip tion cor re sponds to the present-day en vi -
ronment.

In bore hole No. 43, a sam ple taken from a depth of 7.7
m con tained a poor fauna (with 6 spe cies and 15 spec i -
mens). The mol lusc group was rep re sented vir tu ally by only 
two eco log i cal groups: hygrophile spe cies, Ver tigo genesii
(Gred.) and Ver tigo geyeri Lindh., and aquatic forms typ i cal 
for ep i sodic pools, Galba truncatula (Müll.) and Pisidium
obtusale laponicum (Cless.). All the taxa iden ti fied in the
sam ple are char ac ter ized by a very high ther mal tol er ance
and are typ i cal for boggy en vi ron ments of po lar tun dra. The
mol lusc shells were ac com pa nied by small, un for tu nately
not qual i fy ing for de ter mi na tion, frag ments of bones, most
probably belonging to a large mammal.

OLDER MALACOLOGICAL DATA

The mol lusc group found by Rogala (1907) in the Maly
Lukavets River ter race in Gvizd vil lage con tained mainly
spe cies typ i cal for a cold cli mate, such as Succinea oblonga
Drap. or Columella columella (G.Mart.). The com po si tion
of malacofauna in di cates a hu mid tun dra hab i tat (S. W.
Alexandrowicz et al., 2005). A con sid er ably more abound -
ing group was de scribed by £omnicki (1908), who stud ied
mol lusc shells col lected from the mineshaft, in which the re -
mains of mam moth and first rhi noc eros were found. The de -

ter mined fauna in cluded as many as 28 spe cies (£omnicki,
1908; Bayger et al., 1914) rep re sented by nu mer ous spec i -
mens. Un for tu nately, dur ing later stud ies it came out that
the malacological ma te rial came from an old mine dump,
which was, at the end of the 19th cen tury, used to fill the
mineshaft. The ma te rial in cluded spe cies oc cur ring at that
time in the area of Starunia (Nowak & Panow, 1930; S. W.
Alexandrowicz, 2003, 2004). The cor rect ness of such an in -
ter pre ta tion is in di cated by an ex cel lent con di tion of the
shells (with col our and or ganic parts pre served), as was em -
pha sized by £omnicki (1908), as well as by the com po si tion 
of the group, in which an im por tant part was played by spe -
cies with very high ther mal re quire ments, like He lix
pomatia (L.), He lix lutescens Rossm., and oth ers (S. W.
Alexandrowicz, 2003, 2004). For these rea sons, this fauna
can be used only to es ti mate the com po si tion of those fauna
groups, which occurred in the area of Starunia more than
100 years ago.

DE SCRIP TION OF CHO SEN MOL LUSC
SPE CIES

Only sev eral out of 21 mol lusc taxa iden ti fied in the
analysed sam ples are of sig nif i cant im por tance for palaeo-
en vi ron men tal re con struc tion and strati graphi cal in ter pre ta -
tions.

Pisidium obtusale laponicum Cless. – a taxon of the
sub spe cies rank, con sid ered a spe cies by some au thors. At
pres ent, this bi valve is found only in north ern Eu rope, in
arc tic and sub arc tic ar eas. It is very com mon in the Late
Gla cial car bon ate lac us trine sed i ments and is vir tu ally ab -
sent from Ho lo cene de pos its (W. P. Alexandrowicz, 1999).
At pres ent, it in hab its small, shal low pools with stand ing
wa ter and lux u ri ant plant veg e ta tion. It also may, for a short
pe riod, survive in boggy land environments.

Galba truncatula (Müll.) (Fig. 5H-1) – a widely spread
holarctic spe cies. It is a snail with a broad eco log i cal tol er -
ance found in var i ous kinds of pools with stand ing wa ters.
Most of its typ i cal hab i tats are small, pe ri od i cally dis ap -
pear ing and dry ing over flow ar eas. In spite of be ing an
aquatic spe cies, it can sur vive in hu mid land biotopes, even
for a pe riod of sev eral months. Galba truncatula (Müll.) is
one of snails found most com monly in the Late Gla cial and
Ho lo cene de pos its. It is very of ten ac com pa nied by Anisus
leucostomus (Mill.) and Pisidium obtusale (Lam.), as well
as by hygrophile land spe cies such as Succinea putris (L.)
and Zonitioides nitidus (Müll.), and in de pos its as so ci ated
with cold pe ri ods also by Ver tigo genesii (Gred.) and Ver -
tigo geyeri (Lindh.).

Anisus leucostomus (Mill) (Fig. 5H-2) – a palaeoarctic
spe cies with a broad cli ma tic tol er ance. It is a form typ i cal
for small, heavily over grown aquatic pools, which can be
also found in boggy land biotopes. To gether with Galba
truncatula (Müll.) it forms a fau nal group char ac ter is tic for
ep i sodic wa ter pools. Anisus leucostomus (Mill.) is com -
monly found in Late Gla cial and Ho lo cene sediments.

Ver tigo genesii (Gred.) (Fig. 5LG-2) – a North Eu ro -
pean spe cies, char ac ter is tic for boggy and open biotopes of
a swamp type. Most fre quently, its pres ence is as so ci ated
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with the Late Gla cial. It is par tic u larly com mon in the
Younger Dryas, where it is usu ally ac com pa nied by Ver tigo
geyeri Lindh. and Columella columella (G. Mart.). In Ho lo -
cene sed i ments, it is a rel ict form oc cur ring very rarely. In
Scan di na via and lo cally in West ern Eu rope, a sig nif i cant
par tic i pa tion of Ver tigo genesii (Gredl.) is re corded in sed i -
ments of the Lower and even Mid dle Ho lo cene (Ložek,
1964; Limondin-Lozouet, 1992; Krolopp & Sümegi, 1993;
S. W. Alexandrowicz & W. P. Alexandrowicz, 1995a, b; W. 
P. Alexandrowicz, 1997, 1999, 2004).

Ver tigo geyeri Lindh. (Fig. 5LG-1) – a bo real-al pine
spe cies found in biotopes very sim i lar to the ones in hab ited
by Ver tigo genesii (Gredl.). Most fre quently, the two taxa
are found to gether and form a group, very char ac ter is tic for
the close of the Lat est Gla cial, re corded for nu mer ous sites
in the whole of Eu rope (Ložek, 1964; S. W. Alexandrowicz, 
1987; Limondin-Lozouet, 1992; Krolopp & Sümegi, 1993;
S. W. Alexandrowicz & W. P. Alexandrowicz, 1995a, b; W. 
P. Alexandrowicz, 1997, 1999, 2004).

Pupilla muscorum (L.) (Fig. 5LH-2) – a widely spread
holarctic taxon with a high ther mal tol er ance. It is found in
de pos its as so ci ated with the cold est gla cial phases (loesses)
as well as in sed i ments de pos ited in the cli ma tic op tima of
interglacials. At pres ent, it is one of snails most com monly
found in the whole of Mid dle Eu rope. Pupilla muscorum
(L.) is found at com pletely open sites, dry or of medium
humidity.

Vallonia pulchella (Müll.) (Fig. 5LH-1) – taxon of sim -
i lar eco log i cal va lence to de scribed above. It is found
mainly in Late Gla cial and Ho lo cene de pos its in dif fer ent
types of land sed i ments. The spe cies in ques tion is typ i cal
for open and rel a tively dry en vi ron ment. Malacocenoses
with large amount of Vallonia pulchella (Müll.) usu ally ac -
com pa nied by Vallonia costata (Müll.) and other cold-tol er -
ant land snails are re garded as char ac ter is tic for Late Gla cial 
and Early Ho lo cene sed i ments de pos ited in land, dry and
open en vi ron ments (Ložek & Thoste 1972; S. W. Alexan-
drowicz & W. P. Alexandrowicz, 1995a).

DE VEL OP MENT
OF PALAEOENVIRONMENT

Palaeobotanical and malacological stud ies, ra dio car bon 
dates (40,000 ±700 yrs BP, 43,000±1100 yrs BP), and a de -
tailed anal y sis of sed i ments of the Velyky Lukavets River
val ley in di cate that the de vel op ment of the val ley be gan in
the Early Weichselian or even in the Eemian Inter gla cial,
whereas the sed i men ta tion of clayey sed i ments oc curred in
the Mid dle Pleniglacial (Moershoofd interstadial) and was
con tin ued in the Hengelo/Denekamp interstadial, as well as
in the Late Gla cial and Ho lo cene (Stachowicz-Rybka et al.,
2009; Soko³owski & Stachowicz-Rybka, 2009; Kuc et al.,
2009).

Mid dle Pleniglacial

In the plant macroremains di a grams (Figs 2, 3 A, B, 4),
lo cal zones were dis tin guished and, on the ba sis of the lo cal
veg e ta tion de vel op ment phases, an at tempt was made to
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cor re late them with each other, as well as to as sess the strati -
graphi cal correlation.

In the Velyky Lukavets River val ley the old est sed i -
ments were doc u mented for drillings Nos 22 and 28. Un for -
tu nately, since hardly any mac ro scopic plant re mains were
found in drill ing No. 28, the only drill ing ma te rial re main -
ing for anal y sis was from No. 22 (Ta ble 1, Fig. 3A).

Both the quan tity and vari abil ity of plant macrore-
mains, de ter mined for the basal de pos its of sec tion 22 in the
Star 22/I-III zones, in di cate that the plant com mu ni ties of
that time, in all land hab i tats sur round ing the lake and in the
lake it self, were var ied and abundant.

The lac us trine pool was sur rounded in that pe riod
mostly by Betula nana (Fig. 6A, B, C, D), Salix sp., Betula
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Fig. 5. Shells of typ i cal snails from the Late Gla cial and Ho lo cene de pos its from Starunia. Spe cies typ i cal for Late Gla cial de pos its:
LG-1 – Ver tigo geyeri Lindholm, LG-2 – Ver tigo genesii (Gredler). Spe cies typ i cal for Ho lo cene de pos its: H-1 – Galba truncatula
(Müller), H-2 – Anisus leucostomus (Mil let). Spe cies typ i cal for Late Ho lo cene de pos its: LH-1 – Vallonia pulchella (Müller), LH-2
Pupilla muscorum (Linnaeus). Pho tos by W. P. Alexandrowicz
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Fig. 6. Macrofossils of plants from the Late Gla cial and Ho lo cene de pos its from Starunia. A, B – Betula nana, fruit; C, D – Betula
nana, fruit scale; E – Salix sp. leaf; F – Typha sp., seed; G – Ranunculus acris, fruit; H – Bidens tripatrita, fruit; I – Urtica dioica fruit; J –
Potentilla erecta fruit; K – Carex elata, fruit; L – Plantago ma jor, seed; M, N – Poaceae sp., fruit; O – Lycopus europaeus, fruit; P –
Batrachium sp., fruit; R – Vi ola palustris, seed; S, T – Zannichellia palustris fruit; U – Triglochin maritimum, seed; V – Triglochin
maritimum, fruit; W – Scirpus sylvaticus, fruit; Z – Eleocharis palustris, fruit. Pho tos by R. Stachowicz-Rybka and M. Ga³ka



humilis and, oc ca sion ally, tree birches (Betula sect. Albae).
There fore, the patches of tun dra veg e ta tion must have
played a sig nif i cant part in the land scape around the lake.

In the sed i ments sur round ing the rhi noc eros’s car cass,
Szafer (1930) de ter mined 14 plant spe cies, among which
Betula nana is worth par tic u lar con sid er ation, as a spe cies
oc cur ring very plen ti fully in the forms of fruits, scales, and
leaves. The spe cies gave name to de pos its (“clays with
Betula nana”) as so ci ated with beds, in which the dis cov er -
ies of large mam mals are lo cated. More over, Szafer (1930)
de ter mined a num ber of spe cies con firm ing the gla cial type
of the Starunia flora, such as Dryas octopetala, Salix reticu- 
lata, and Thalictrum alpinum. Out of the spe cies listed by
Szafer (1930), the only ones found in the cur rently ex am -
ined sed i ments were: Betula nana, B. humilis, and nu mer -
ous Carex species.

The re mains of Betula nana were re corded in sed i ments 
of all ex am ined sec tions apart from sec tion VL-3. Both the
ra dio car bon dates and suc ces sion of veg e ta tion sug gest that
the pres ence of the above-men tioned re mains in sec tions
VL-1 and 4’ should be as so ci ated with the cool ing of cli -
mate dur ing the Late Weichselian, be ing the time of oc cur -
rence of last the woolly rhi noc er oses and mam moths. The
old est sed i ments in clud ing the re mains of Betula nana were
dated to the Mid dle Pleniglacial and were found in sec tions
22 and 28. Geo logic sur vey and ra dio car bon datings (Soko-
³owski & Stachowicz-Rybka, 2009; Kuc et al., 2009) con -
ducted for ad ja cent sec tions are likely to in di cate a broader
range of the sediments of that age (Fig. 1).

In both the older and the cur rently ex am ined flora no
tree re mains were found, what in di cates a dom i nance of
open and woodless plant com mu ni ties. This is con firmed by 
palynological data (Stachowicz-Rybka et al., 2009). Un -
doubt edly, the dom i nant plant com mu ni ties in the land scape 
were tun dra and steppe com mu ni ties, the pres ence of which
was marked mostly by the oc cur rence of var i ous grass and
sedge spe cies. The Star 22/I and Star 22/II zones are char ac -
ter ized by the oc cur rence of ex cep tion ally nu mer ous grass
fruits. Among the lat ter, the pres ence of Puccinellia distans
(Fig. 6M, N) is worth em pha siz ing. It is a spe cies with an
ex cep tion ally high re sis tance for soil sa lin ity. It is as sumed
that 5–10 g of salt per 1 kg of soil is op ti mum for this halo-
phyte’s re quire ments. How ever, as it is stated by Koz³owski 
et al.. (2004), even with 73 g of so dium chlo ride per 1 kg of
soil the growth of the plant is still pos si ble. Puccinellia dis-
tans is found in Starunia at pres ent, sim i larly as Lepigonium 
salinum (cur rently Spergularia sa lina) men tioned among
the meadow flora by £omnicki (1914). To gether, they form
patches in ar eas of the high est sa lin ity (Moœcicki et al.,
2009).

In wet and eutrophic hab i tats, as well as in dry ing-up
wa ter side hab i tats, the therophyte phytocoenoses ap peared.
They are rep re sented by spe cies char ac ter is tic for var i ous
pres ent-day Bidentetea tripartiti units, like Bidens tripartita
(Fig. 6H) or Ranunculus sceleratus.

From the Mid dle Pleniglacial up to the pres ent day, the
area has been char ac ter ized by the pres ence of Triglochin
maritimum, which is not fre quently found in Qua ter nary
sediments (Stachowicz-Rybka, 2005) and is cur rently in
dan ger of with ex tinc tion. It grows in Eu rope, mainly on sea 

shores, but also in halophylic, boggy mead ows and tran si -
tion bogs. Out side Eu rope, it has es sen tially a circumboreal
dis tri bu tion (Davy & Bishop, 1991; Looman, 1976).

It is worth em pha siz ing that cur rently in Starunia the
spe cies is found in large num bers, form ing quite dense
stands in boggy ar eas (Moœcicki et al., 2009).

The reedswamp area was un doubt edly dom i nated by
Eleocharis palustris (Fig. 6Z) and Typha sp. (Fig. 6F),
which are found to gether in Phragmition com mu ni ties.
How ever, con sid er ing the fact that the re mains of Eleo-
charis palustris ap pear in very large quan ti ties in the bot tom 
sec tion of the zone and sud denly dis ap pear, it can be as -
sumed that they formed monospecies tran si tory com mu ni -
ties. Cur rently, plant com mu ni ties of that type oc cur as the
outer belt of reedswamp veg e ta tion. Highly nu mer ous fruits 
of this spe cies show that the bed rock must have contained a
lot of calcium carbonate.

Be cause of sa lin ity, aquatic com mu ni ties were dom i -
nated by Zannichellia palustris (Fig. 6S, T), which pre fers
ex tremely eutrophic or slightly sa line, stand ing or slow-flo-
wing wa ters. It grows at var i ous depths in lit to ral shal lows
of lakes and rivers. Its par tic i pa tion in youn ger parts of the
zone grad u ally de creases. Zannichellia palustris, to gether
with Potamogeton filiformis, which is also a halophylous
spe cies, could have formed plant com mu ni ties of a type
sim i lar to the pres ent-day Parvopotamo-Zannichellietum
(Matuszkiewicz, 2001).

In the group of spe cies char ac ter is tic for Weichselian
sites (Velichkewich & Zastawniak, 2006), Eleocharis palu-
stris and Potamogeton filiformis are dis tin guished as spe -
cies ap pear ing in the close or in the be gin ning of intergla-
cials, most of ten in the tun dra or woody tun dra land scape.
These spe cies, as well as other taxa in di cat ing cool cli mate,
were re corded in zones Star 22 I-III. The min i mum July
temperature for both Eleocharis palustris and Potamogeton
filiformis is 10°C (Kolstrup, 1980; Mamakowa, 1997). The
min i mum July tem per a ture for Betula nana is 7°C (Brink-
kemper et al., 1987), and for Triglochin maritimum – 8°C
(Lambracht et al., 2007). The tol er ance range of these taxa
in di cates that the Mid dle Pleniglacial min i mum tem per a ture 
in July amounted to at least 10°C and was com pa ra ble with
tem per a tures dom i nat ing in West ern Eu rope (Huijzer &
Vandenberghe, 1998). There fore, the sea son ally frozen
ground at Starunia was likely to be controlled by cold
climatic conditions.

Late Weichselian

The Late Weichselian (Alleröd and Youn ger Dryas)
sed i ments were doc u mented in sev eral zones of the ana -
lysed sec tions: Star 4’/I-V, Star 22/IV-V, and Star VL-1/
I-III (Figs 2, 3A, B).

The ba sin, the pres ence of which was con firmed by the
oc cur rence of aquatic flora, was at that time still sur rounded 
mainly by: Betula nana (Fig. 6A, B, C, D), Salix sp., Betula
humilis, and Juniperus communis, and oc ca sion ally by:
Betula sect. Albae and Picea abies, and in more hu mid hab i -
tats also by Alnus incana and Alnus sp. There fore, in the
land scape sur round ing the lake, an im por tant part must have 
been played by patches of tun dra veg e ta tion, which were
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grad u ally en tered by loose bo real for est com mu ni ties. Si -
mul ta neous oc cur rence of Cenococcum geophilum sclerotia 
in di cates an open char ac ter of the veg e ta tion sur round ing
the lake and an in crease in solifluction processes (£awry-
nowicz, 1983).

Her ba ceous com mu ni ties of land plants are char ac ter -
ized by the pres ence of ex cep tion ally nu mer ous grass seeds, 
as well as oc ca sional macrofossils of var i ous heliophilous
plant spe cies, such as: Caryophyllacae, Plantago lanceo-
lata, Vi ola palustris (Fig. 6R), and Potentilla erecta (Fig.
6J). This in di cates the main te nance of steppe-tun dra com -
mu ni ties in the landscape.

Star 4’/III and Star 4’/V zones are a pe riod of im prove -
ment in cli ma tic con di tions of the ba sin. The ba sin was col -
o nized by aquatic plants, like Potamogeton filiformis, Zan-
nichellia palustris, and Batrachium sp. In shal low bas ins,
up to sev eral dozen centi metres deep, there oc curred Scho-
enoplectus tabernaemontani, pre fer ring slightly salty wa -
ters. Swamp com mu ni ties were dom i nated by Eleocharis

sp., Typha sp., and Juncus sp. A char ac ter is tic fea ture of the
Starunia flora is a very poor fre quency of aquatic plant taxa, 
in clud ing cli ma tic in di ca tors. The rea son for such a con di -
tion could be the con stant and quite high wa ter sa lin ity, as
well as con tam i na tion with pe tro leum, penetrating from
Miocene strata in the bedrock.

The en vi ron men tal chem is try could be also ad verse for
the de vel op ment of molluscs. Malacofauna de ter mined for
the sec tions of drillings in the area of the Starunia mine are
poor, but ev i dently di ver si fied. The mol lusc group con sid -
ered to be the old est one was iden ti fied in sam ples taken
from bore holes Nos 4 and 43 (Fig. 1). It is typ i cal for boggy
hab i tats with pe ri od i cally re tained small wa ter pools (Fig.
7MSI). The dis cussed fauna cor re sponds to an as so ci a tion
de scribed by Rogala (1907) in Gvizd vil lage. The malaco-
coenoses, sim i lar when con sid er ing their struc ture and spe -
cies com po si tion, were de scribed from nu mer ous sites in the 
whole of Mid dle and North ern Eu rope, in clud ing sed i ments
dated with the 14C method (Ložek, 1964; S. W. Alexandro-
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Fig. 7. Tri-com po nent di a grams of the Late Gla cial and Ho lo cene malacofauna of Starunia. S – stra tig ra phy: KA BP – age in thou sands 
of years, LG – Late Gla cial, EH – Early Ho lo cene, AT – At lan tic Phase, SB – Subboreal Phase, SA – Subatlantic Phase, MSI – malaco-
log i cal spec trum of in di vid u als (based on Ložek, 1964 and S. W. Alexandrowicz, 1987); TD – ternary di a grams, E – ecological, O – open-
coun try spe cies, M – mesophile spe cies, H – higrophile spe cies, W – wa ter spe cies, NE – north ern ex tent of taxa, N3 – spe cies reach ing
62° north ern lat i tude, N4 – spe cies reach ing the North Po lar Cir cle, N5 – spe cies cross ing the North Po lar Cir cle, ZG – zoo geo graph i cal,
HP – wide spread spe cies, ME – Mid dle-Eu ro pean species, EO – European species of limited extent



wicz, 1987; Limondin-Lozouet, 1992; Krolopp & Sümegi,
1993; S. W. Alexandrowicz & W. P. Alexandrowicz,
1995a, b; W. P. Alexandrowicz, 1997, 1999, 2004, and
many oth ers). They are con sid ered to be in dic a tive groups,
typ i cal for the Late Gla cial. The co ex is tence of Ver tigo
genesii (Gred.) and Ver tigo geyeri Lindh. is char ac ter is tic
for the Youn ger Dryas (S. W. Alexandrowicz, 1987; Li-
mondin-Lozouet, 1992; W. P. Alexandrowicz, 1997, 2004). 
There fore, the discussed fauna is probably associated with
this cold phase of the Late Glacial.

Ho lo cene

The Ho lo cene sed i ments were doc u mented in sev eral
zones in all ana lysed sec tions: up per part of Star 4’/V, Star
4’/VI-VII, up per part of Star 22/V, Star 22/VI, up per part of
Star VL-1/III, Star VL-1/IV-V, and Star VL-3/I-IV (Figs 2,
3A, 3B, 4).

In the VL-3 sec tion, of Late Ho lo cene age (as in di cated
by the date of 1,275±30 years BP as well as by the lack of
cool cli mate in di ca tors), the plants grow ing in the shore area 
of the wa ter pool are very well rep re sented, par tic u larly in
the Star VL-3/I and VL-3/II zones (Fig. 4). Apart from
Alisma plantago-aquatica/lanceolata, there also grew Poly- 
gonum hydropiper, Sparganium neglectum, and Carex
pseudocyperus. The pres ence of these taxa in di cates a con -
stant in un da tion of the area or the ex is tence of a shal low wa -
ter pool, which was grad u ally shallowing and even tu ally
dis ap peared, as con firmed by the ap pear ance of Scirpus
sylvaticus, Carex cf. divulsa, Ranunculus cf. repens, and
Juncus sp. To wards the top of the VL-3 sec tion, the con tent
of diaspores of plants with lower hu mid ity re quire ments in -
creases. In the sed i ments of that pe riod the diaspores of
Sambucus sp., Plantago me dia (Fig. 6L), and Taraxacum
officinale, not recorded so far, were found.

The Ho lo cene sed i ments of sec tions 4’ and 22 con -
tained a few plant macrofossils, also in di cat ing the ex is -
tence of a shal low, pe ri od i cally dry ing up wa ter ba sin, with
a de vel oped belt of swamp com mu ni ties and peat bogs. The
youn gest malacocoenosis co mes from the top of the sec tion
of bore hole No. 22. The fauna found here con tains mainly
spe cies pre fer ring open land hab i tats, sim i lar to those ob -
served at pres ent (Fig. 7MSI). This group can be as so ci ated
with the Late Ho lo cene. Such an age in ter pre ta tion is con -
firmed by the group struc ture, com po si tion and lo ca tion in
the sec tion. This youn gest phase, cor re spond ing to the his -
tor i cal pe riod, is prob a bly associated with the fauna
described by £omnicki (1908).

The mol lusc group iden ti fied in sec tions of bore holes
Nos 5 and 14 does not con tain cold-adapted com po nents
and is char ac ter ized by a very high par tic i pa tion of spe cies
oc cur ring in shal low and ep i sodic wa ter pools (Fig. 7MSI).
It rep re sents a cli ma tic phase fall ing in the Ho lo cene. How -
ever, be cause of the lack of in di ca tor spe cies, ra dio car bon
datings and palynological data, de ter mi na tion of a more pre -
cise strati graphi cal range of the discussed group is impo-
ssible.

An anal y sis of tri-com po nent di a grams al lows for a de -
scrip tion of the changes in mol lusc fauna and nat u ral en vi -
ron ment in the area of the Starunia mine in the Late Gla cial

and Ho lo cene. Di a gram E (Fig. 7TD-E) pres ents changes in
the char ac ter of hab i tats. In the Late Gla cial, open and
boggy biotopes of a tun dra type dom i nated. This pe riod is
as so ci ated with the find ings of large mam mal fauna (S. W.
Alexandrowicz, 2004). In the Ho lo cene, in the area of Sta-
runia mine, a shal low, pe ri od i cally dry ing and dis ap pear ing
wa ter pool de vel oped. Be cause of poor malacological ma te -
rial, the re con struc tion of its range, de vel op ment and time of 
oc cur rence was im pos si ble. The dis ap pear ance of the above 
men tioned pool and the de vel op ment of rel a tively dry, open
land hab i tats is as so ci ated with the Late Ho lo cene. Di a gram
NE (Fig. 7TD-NE) il lus trates the groups’ ther mal tol er ance. 
Fau nas of the Late Gla cial con tain only those spe cies, which 
at pres ent oc cur to the north of the po lar cir cle. With the cli -
mate warm ing, the more im por tant were forms with higher
tem per a ture re quire ments. The pres ence of thermophylous
spe cies, such as He lix pomatia (L.) and He lix lutescens
Rossm., was re corded only by £omnicki (1908) in a fauna
oc cur ring here prob a bly in the 19th cen tury. Di a gram ZG
pres ents changes in the groups’ zoo geo graphic struc ture.
Groups as so ci ated with the Late Gla cial are char ac ter ized
by a con sid er able par tic i pa tion of North-Eu ro pean taxa and
cold-adapted boreal-alpine forms. The Holocene faunas are
composed only of species with broad geographic ranges
(Fig. 7TD-ZG).

CON CLU SIONS

The re sults of palaeobotanical and malacological stud -
ies in the Starunia area in di cate that:

1. the lack of tree re mains in the Mid dle Pleniglacial
flora in di cates dom i nance of open woodless com mu ni ties.
Un doubt edly, the land scape was dom i nated by tun dra com -
mu ni ties with Betula nana and steppe com mu ni ties, mark -
ing their pres ence with the oc cur rence of var i ous grass and
sedge species;

2. the zone of sed i ments con tain ing Betula nana re -
mains is widely spread through out the study area. It was
found in three sec tions (4’, 22 and VL-1) lo cated far from
each other. How ever, only in bore hole No. 22 the zone with
Betula nana can be clas si fied to the Mid dle Pleniglacial. In
both bore hole No. 4’ and out crop VL-1, the zone be longs to
the Late Weichselian;

3. the tol er ance range of spe cies be ing cool cli mate in -
di ca tors shows that the min i mum July tem per a ture in the
Velyky Lukavets River val ley in the Mid dle Pleniglacial
fluc tu ated be tween 7 and 10°C;

4. a char ac ter is tic fea ture of the Starunia flora is very
poor fre quency of aquatic plant taxa. The rea son for such a
con di tion could be the con stant and quite high wa ter sa lin -
ity, as well as con tam i na tion by pe tro leum pen e trat ing from
the Mio cene strata in the bed rock, or an ad verse cli mate,
par tic u larly in the Pleistocene;

5. from the Mid dle Pleniglacial up to the pres ent day,
the area has been char ac ter ized by the pres ence of spe cies
tol er at ing an in creased amount of NaCl in the en vi ron ment,
such as: Zannichellia palustris, Triglochin maritimum,
Schoenoplectus tabernaemontani, Puccinellia distans, and
Eleocharis palustris. Their oc cur rence should be as so ci ated
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with nat u ral ef flu ences of brines, de riv ing from Mio cene
strata in the bedrock;

6. the malacofauna iden ti fied in bore hole logs drilled in
the area of Starunia mine is poor, but ev i dently di ver si fied.
Three sig nif i cantly dif fer ent types of groups can be dis tin -
guished here. Par tic u lar types are char ac ter ized by both dif -
fer ent hab i tats and cli ma tic con di tions, what in di cates that
they are of different ages;

7. the se quence of mol lusc groups is quite typ i cal for
the en tire Mid dle Eu rope. Evo lu tion of hab i tats, be gin ning
with the Late Gla cial hu mid tun dra, through the Ho lo cene
lac us trine phase, ends with the Late Ho lo cene open and dry
biotopes.
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