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Fluvio-lac us trine de pos its from a bor ing core drilled at Domuraty, NE Po land have been ex am ined by pol len and di a tom anal y ses. These
stud ies al low char ac ter iza tion of the de vel op ment of veg e ta tion in a long pol len se quence, and of palaeoenvironmental changes in the
for mer ba sin based on quan ti ta tive and qual i ta tive changes in di a tom as sem blages along the pro file stud ied. The pol len re cord shows a
se quence of phases with for est com mu ni ties sep a rated by phases of open veg e ta tion. It dem on strates the im pact of rapid, of lesser cli mate
changes, as well as cli ma tic fluc tu a tions on ter res trial eco sys tems. The age of the suc ces sion can be re lated to the Cromerian Com plex
Stage s.l. (early Mid dle Pleis to cene). 
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INTRODUCTION 

In the strati graphi cal sub di vi sion of the Pleis to cene of Po -
land, seven interglacials have been dis tin guished (Ber, 2005,
2006; Lindner et al., 2004, 2006). Five of these: the
Augustovian (Cromerian I), Ferdynandovian (Cromerian
III/IV, Voigtsted), Mazovian (Holsteinian), Zbójnian
(Dömnitz) and Eemian interglacials have been rec og nized on
the ba sis of palynological data and have been doc u mented by
com plete pol len suc ces sions. Their palynological char ac ter is tic 
show dif fer ent pat terns of vegetational de vel op ment
(Janczyk-Kopikowa, 1991a). The strati graphi cal po si tion of
the de pos its of these interglacials have been es tab lished by
lithological and petrographic anal y sis and by thermo -
luminescensce (TL) dat ing of as so ci ated tills and of other
glacigenic de pos its as well as by geo log i cal set ting. Di a tom
suc ces sions have been re ported from the de pos its of the
Augustovian (Marciniak, 2004; Khursevich et al., 2005),
Ferdynandovian (Khursevich et al., 1990; Marciniak, 1991a,
b; Marciniak and Lindner, 2003), Mazovian (Marciniak, 1998;
Khursevich et al., 2003) and Eemian (Kaczmarska, 1976;
Marciniak and Kowalski, 1978; Marciniak, 1994) interglacials.

The Lubavian (Schöningen) Inter gla cial is rep re sented by
an in com plete pol len suc ces sion very sim i lar to the Eemian
pol len suc ces sion (Janczyk-Kopikowa, 1991a) and its strati -
graphi cal po si tion is still de bated. The Ma³opolanian (Cro -
mer II) Inter gla cial has been de ter mined only by faunistic data
(G³azek et al., 1976) re corded in cave clays at Kozi Grzbiet and
by dat ing of mam mal bones us ing the FCL/P method (Lindner,
1984; Lindner et al., 2004). The palynological data re corded in
lake de pos its at £owisko  (Kolbuszowa Up land; Stuchlik and
Wójcik,  2001) and from the Jasionka sec tion near Rzeszów
(Lindner, 1984) prob a bly rep re sent this inter gla cial. This doc u -
men ta tion is frag men tary, and the pol len succession, could not
be cor re lated with any known inter gla cial suc ces sion.

SITE DESCRIPTION

Geo log i cal sur vey ing of the Sztabin sheet of the De tailed
Geo log i cal Map of Po land at 1:50 000 scale in cluded drill ing a
bore hole at Domuraty. This bore hole was drilled on the north -
ern slope of the Sokólskie Hills, about 0.5 km SE of the pres ent
Biebrza River bed (Fig. 1). 



The thick ness of Qua ter nary de pos its in the Domuraty
bore hole, that rest on up per Cre ta ceous rocks (Campanian),
makes up 225.6 m (Fig. 2). Lac us trine-flu vial-swamp de pos its
oc cur in the depth range from 137.2 to 97.2 m. This se ries of
de pos its is un der lain by a thick unity of till ap par ently be long -
ing to the Narevian Gla ci ation and it is over lain by four tills
which can be cor re lated with the Liviecian Gla ci ation, the older 
stadial of the Odranian Gla ci ation, the youn ger stadial of the
Wartanian Gla ci ation, and the older stadial of the Vistulian
Gla ci ation (Lisicki, 2003; Lisicki and Win ter, 2004; Win ter
and Lisicki, 2005).

The de pos its ex am ined are rep re sented by fine-grained
sands, silty sands, clayey silts with peat in ter ca la tions and
sandy silts with a fos sil flora (Fig. 2). 

MATERIALS AND METHODS

De pos its from the depth in ter val 118.9–114.3 m have been
ana lysed by means of pol len and di a tom anal y ses. Both meth ods
pro vided in sight into en vi ron men tal changes and also elu ci dated
the re la tion ships be tween ter res trial events and events in the lake. 

POLLEN ANALYSIS

85 sam ples in ves ti gated by pol len anal y sis were cov ered  with
10% HCl and af ter that boiled in 10% KOH. To re move the min -

eral frac tion the sed i ments were treated with heavy liq uid and  than 
sub jected to the  Erdtman’s acetolysis method. At least 250 pol len
grains were counted per sam ple. The cal cu la tion of per cent ages is
based on the to tal terrestial pol len sum (AP+NAP) ex clud ing pol -
len of aquatic plants, spores, and re worked sporomorphs.
Sporomorphs of pre-Qua ter nary age  were con sid ered as re -
worked. Varia were rep re sented by in de ter min able pol len, fre -
quently very deteriarated Pine pol len, and crum pled  and bro ken
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Fig. 1. Lo ca tion of the Domuraty sec tion

Fig. 2. Lithological pro file of the stud ied de pos its

Glaciations: A — Narevian; C — Livecian; O — Krznanian; W —
Wartanian; B — Vistulian



pol len grains. The pres ence of  these and of dinoflagellate cysts
sug gests redeposition con nected with ero sion.

Re sults of the pol len anal y sis were plot ted us ing the
POLPAL programme (Walanus and Nalepka, 1996). 

DIATOM ANALYSIS

51 sam ples were taken for di a tom anal y sis from the
depth in ter val 128–111m. How ever, di a toms were found
only be tween 118.9 and 114.3 m. The sam ples were cleaned
us ing hy dro chlo ric acid and hy dro gen per ox ide. Af ter wash -
ing with wa ter, sam ples were treated with heavy liq uid (KJ
and CdJ2) fol low ing the stan dard pro ce dure which sep a rates
di a tom valves from min eral sed i ment by cen tri fug ing. The
cleaned valves were mounted in Elyashev’s an i line-form al -
de hyde and ob served with a Zeiss-Jena Amplival light mi -

cro scope with an oil im mer sion ob jec tive (100´,
NA = 1.25). The re sults, af ter count ing about 500 di a toms
per sam ple, are pre sented in a di a tom di a gram, con structed
us ing the TILIA com puter programme.

A clas si fi ca tion of di a toms pro posed by Round et al. (1990) 
has been used in the pa per. Tax o nomic trans for ma tions and
data on di a tom ecol ogy given in many mono graphic re ports
(Krammer and Lange-Bertalot, 1986, 1988, 1991a, b;
Lange-Bertalot and Metzeltin, 1996; Bukhtiyarova, 1999;
Lange-Bertalot, 2001) were taken into con sid er ation.

RESULTS

POLLEN ANALYSIS

The pol len di a gram from Domuraty sec tion has been di -
vided into 22 lo cal pol len as sem blage zones L PAZ (Fig. 3).
De scrip tion of each zone is given in Ta ble 1. 

The pol len se quence re corded here is dis con tin u ous, but
within it can be dis tin guished sev eral warm/wet and cold/dry
stages. 

The se quence from Domuraty started with a cold stage doc -
u mented by a pol len spec trum  from 129.05 m depth. It shows a 
high per cent age of Pinus pol len, re de pos ited mio cene pol len,
pol len of thermophilous taxa and dinoflagellate cysts. 

The be gin ning of I warm stage Do I (Do 1–6 L PAZ)
shows high pro por tions of Betula spe cies ac com pa nied by
Larix and Picea. This trees formed a pi o neer for est. The pres -
ence of Hippophaë,  Juniperus and Salix pol len sug gests
patches of shrub tun dra veg e ta tion. Open com mu ni ties of her -
ba ceous plants with Poaceae, Cyperaceae, Ar te mi sia and
Chenpodiaceae also existed.

The spread of  Pinus and Alnus for ests was a sig nal of cli -
ma tic ame lio ra tion. De cid u ous, thermophilous trees such as
Tilia cordata typ, Quercus and Ulmus oc curred, but with low
per cent ages. This in di cates that de vel op ment of mixed for est
cor re sponds to the cli ma tic op ti mum of this stage. Sub se -
quently a ma jor ex pan sion of Picea cor re lated with a de crease
of Alnus, Pinus and thermophilous trees sug gest the pres ence
of a post-tem per ate conifer forest  of taiga type.

The vegetational fea tures of a cold stage Do I/II (Do 7–8
L PAZ) is char ac ter ized by de for es ta tion and in creas ing NAP
val ues. An ex pan sion of herb pol len can be re lated to high
value of Poaceae and a slight in crease of Ar te mi sia and
Cyperaceae. Nev er the less the rel a tively high per cent age of
Betula pol len sug gests the pres ence of birch for est with patchy
Poaceae–Cyperaceae com mu ni ties. Steppe el e ments such as
Ar te mi sia and Chenopodiaceae may in di cate steppe veg e ta tion. 
The oc cur rence of Betula nana and Ericaceae pol len in di cates
the pres ence of tun dra.

A sharp in crease in Pinus pol len in di cates the be gin ning of
tem per ate stage II (Do 9 L PAZ). This stage Do II (Do 9–12
L PAZ) is char ac ter ized by the dom i na tion of pine in for est com -
mu ni ties. The veg e ta tion has mixed for est char ac ter with Betula,
Picea and Alnus. Very low fre quen cies of de cid u ous trees point
to cool cli ma tic con di tions, though over all the floristic com po si -
tion doc u ments an interstadial type of veg e ta tion.

The veg e ta tion of the cold pe riod Do II/III (Do 13 L PAZ) 
is dom i nated by non-ar bo real taxa such as Poaceae,
Cyperaceae and Ar te mi sia, as well as by Betula. This cold stage 
can be at trib uted to deforastation  in di cated by  the ex pan sion of 
herb plants. The higher per cent ages of Betula pol len may be
con nected with the de vel op ment of very patchy birch for est.

The on set of warm stage III (Do III — Do 14–18 L PAZ)
is in di cated by a sharp ex pan sion of Pinus and very fast re-im -
mi gra tion of the themophilous taxa Quercus, Ulmus and
Corylus into the area. This stage is char ac ter ised by a spread of
Carpinus, that had not been pres ent  in the lo cal veg e ta tion un til 
this stage. This par tic u lar fea ture in di cates de vel op ment of a
tem per ate mixed for est dom i nated by Pinus, Quercus,
Carpinus with the oc cur rence of Ulmus, Corylus and Acer. The 
early re-oc cur rence of thermophilous de cid u ous trees and the
pres ence of Carpinus sug gest that the cli ma tic op ti mum of
stage III oc curred very early and also that the refugia for these
trees must have per sisted close by. Warm cli ma tic con di tions
are in di cated by the pres ence of Buxus, Ligustrum and
Sambucus, as well as by Trapa pol len. 

Within this stage a short-lived rise in Quercus and Ulmus
cor re spond ing with a decrease in Carpinus and Abies pol len
im plies the de vel op ment of a mixed oak for est. These changes
in pol len data cor re late with a change in de pos its that doc u ment 
cli ma tic os cil la tion ex pressed by much drier cli ma tic con di -
tions. A par al lel in crease in fre quen cies of Picea and to a slight
ex tent in Abies pol len dur ing the cli ma tic op ti mum may in di -
cate that cli ma tic con di tions as re gards tem per a ture should be
as signed to a warm interstadial or a cool interglacial. 

Tran si tion to next cold stage III/IV (Do 19 L PAZ) is
shown by a short-lived spread of Pinus fol lowed by a broad
peak of Alnus and the re ap pear ance of NAP. The per cent age of
her ba ceous es pe cially Cyperaceae and Poaceae, pol len shows a 
sharp rise point ing to a marked open ing of the land scape caused 
by cli ma tic cool ing. The pol len re cords in di cate that tun dra
and, to a smaller de gree, steppe veg e ta tion de vel oped. The
more fa vour able cli mate con di tions in warm stage IV  (Do
20–21 L PAZ) are in di cated by a de cline of non-ar bo real pol -
len and a spread of Pinus. The rel a tively high per cent age of
NAP sug gests  open Pinus–Betula for est.
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Fig. 3. Domuraty  — pol len di a gram
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Lo cal pol len as sem blage zones L PAZ Depth [m] De scrip tion of L PAZ

Do 22 Cyperaceae 101.2– 98.0 Dom i na tion of NAP, high max i mum of Cyperaceae pol len
(max. 47%) as so ci ated with Poaceae and Ar te mi sia.

Do 21 Pinus–NAP 101.8–101.2 Pinus and Picea pol len val ues fall, rise in NAP rep re sented
by Poaceae, Cyperaceae and Ar te mi sia.

Do 20 Pinus–Picea–Betula 108.75–103.1 Dom i na tion of AP, mainly Pinus, Betula, Alnus and Picea. 

Do 19 Poaceae–Cyperaceae–Salix 113.0–111.0
Rise in NAP, particulary Poaceae (8.2–27.2%). Cyperaceae
(9.7–34.0%) and Ar te mi sia. In crease in Salix val ues to 3.9%

(max.). 

Do 18 Pinus–Betula–Alnus 113.4–113.1 De cline of Alnus, Picea, Abies, Carpinus and Quercus pol -
len. In crease of Pinus and slightly of Betula val ues. 

Do 17 Carpinus–Alnus–Abies

Do 17b

 Alnus 114.8–113.5

The high est val ues of Carpinus (max.7.1%). In crease in
Picea and Abies as well as thermophilous taxa. Do 17a with

rel a tively high pro por tions of NAP (20%) and Picea. Do
17b with max i mum val ues of Alnus (45.6%).Do 17a Picea–Carpinus–NAP

Do 16 Quercus–Ulmus 115.0–114.9 Max i mum val ues of Quercus (13.9%) and Ulmus (6%).
Carpinus and Picea pol len dis ap peared.

Do 15 Picea–Carpinus–Quercus 115.4–115.2

AP val ues per sist high. Quercus, Ulmus, Tilia cordata type
and Corylus per cent ages rise, max i mum value of Carpinus

(6.6%). The con tri bu tion of Alnus, Picea and Abies reach up
16.7%, 9.2% and 2.4%. Pol len of Vi bur num and Sambucus

is pres ent.

Do 14 Pinus 115.7–115.5 Dom i na tion of Pinus, as so ci ated with Betula.

Do 13
Poaceae–Cyperaceae–Betula

Do 13b

Poaceae–Ar te mi sia–Betula

117.2–115.9

High val ues of NAP, and Pinus share dis tinct. This zone is
di vided into two subzones: older Do 13a Cyperaceae–Picea
marked by high pro por tion of Cyperaceae (32.6%) and de -
creas ing in val ues of Picea and Do 13b Poaceae–Ar te mi -
sia–Betula. This zone is char ac ter ised by an in crease in
Poaceae and Ar te mi sia (4.3–11.2%), as well by Betula

(23.5–28.1%).

Do 13a Cyperaceae–Picea

Do 12 Pinus–Picea–NAP 118.8–117.4

Still Pinus, Betula, Alnus and Picea pre vail among trees,
NAP rises. Herbs at tend great va ri ety, and are dom i nated by
Poaceae (5.4–17.1%) and Cyperaceae (4.8–7.9%) with Ar te -

mi sia, Apiceae, Brassicaceae, Thalictrum, As ter typ,
Anthemis typ and oth ers.

Do 11 Betula–Pinus–Alnus 120.25–118.8 Pinus, Betula, Alnus and Picea pre vail in AP.
Thermophilous el e ments in low per cent ages.

Do 10 Fraxinus–Betula 120.43 Sharp in crease in Fraxinus (20%) and slight in Betula.

Do 9 Pinus–Picea–Calluna vulgaris 122.3–120.8
Al ter nat ing per cent age of Pinus (47–71.6%), Betula

(5.1–19.4%) and Alnus (3.5–11.7%). Pol len of Quercus,
Ulmus, Tilia cordata typ and Corylus is re corded.

Do 8 Ar te mi sia–Poacae 122.75 Dom i na tion of NAP, an in creas ing in Ar te mi sia (10.2%) and 
max. share of Poaceae (45.8%). 

Do 7 Betula–Salix–Ericaceae 123.0 Betula pol len val ues fall (29%), max i mum value of Salix
(3.6%) and Ericaceae (2.2%). Betula nana pol len is pres ent.

Do 6 Picea–Abies 127.5–127.4
An de crease Quercus, Tilia cordata typ, Ulmus and Corylus
pro por tions. High val ues of Picea (48.5%) and max. share of 

Abies (1.5%). 

Do 5 Alnus–Quercus–Tilia 127.8–127.6

In the zone AP dom i na tions, Alnus reaches high val ues,
above 42%, more abun dant pol len of thermophilous taxa

Quercus (5.8%), Tilia cordata typ (max. value 5.5%), Ulmus 
(2.7%) and Corylus ( up to 6%). Pol len of Acer and Tilia
platyphyllos is pres ent. The pro por tion of Picea is dis tinct

(13%).

Do 4 Pinus–Picea 128.0 An abrupt rise of Pinus (86.3%) and slight Picea (9.5%).

Do 3 NAP–Betula–Larix 128.1 This zone is marked by an in crease in Betula (28.7%) and
Picea (8.7%). Max i mum val ues of  Larix (4.8%).

Do 2 Pinus–Betula 128.15 A de crease in Betula precetange to 10%, Pinus val ues in -
crease to 68%, NAP falls, Ar te mi sia dis ap pears.

Do 1 Betula–Hippophaë–Juniperus 128.5–128.3
This zone cor re sponds to the max i mum val ues of Betula
(46.7%), Hippophaë (3.5%) and Juniperus (2.3%). Larix

and Picea up to 4.5% and 2.9% re spec tively.

T a  b l e  1

De scrip tion of the lo cal pol len as sem blage zones from Domuraty sec tion



The fol low ing stadial stage (Do 22 L PAZ) is char ac ter ized 
by high per cent ages of herb pol len that in di cates de for es ta tion
re sulting from the severe cli mate de te ri o ra tion. 

DIATOM ANALYSIS

The di a tom flora stud ied from the pro file at Domuraty con -
sists of 133 spe cies and intraspecific taxa be long ing to 45 gen -
era, 23 fam i lies, 11 or ders and 3 classes. Qual i ta tive and quan -
ti ta tive changes in spe cies com po si tion al low dis tinc tion of 7
lo cal di a tom as sem blage zones (L DAZ D-1–D-7) in the di a -
tom di a gram (Fig. 4) re flect ing chang ing palaeo eco logi cal and
sed i men tary con di tions in the an cient ba sin.

The first, sparce di a toms (21 taxa) ap peared in the depth in -
ter val 118.9–118.6 m (L DAZ D-1). This zone is dom i nated by
spe cies of Staurosirella of ten oc cur ring at tached to sand grains. 
The most com mon taxon is Staurosirella sp. 1 (up to 6.8%).
The epiphytic spe cies  Pseudostaurosira brevistriata and the
plank tonic spe cies Stephanodiscus sp. aff. S. raripunctatus are
pres ent in small quan tity. The palaeobasin was of oliogotrophic 
type and shal low at the initial stage of its development.

The next L DAZ D-2 (118.6–117.2 m) is rec og nized by  in -
crease in the fre quency and di ver sity of di a toms (to 50 taxa).
This di a tom zone con tains two subzones. Subzone D-2a
(118.6–118.1 m) is de fined by the high est val ues (72–74.4%)
of the fresh wa ter epithytic diatom Fragilariforma hungarica in 
the pro file. Subzone D-2b (118.1–117.2 m) is dis tin guished not 
only by a con sid er able con tent of the Fragilariforma men -
tioned above (to 54–66%), but also by the max i mum amounts
of the cold-wa ter brack ish plank tonic spe cies Fragilariforma

heidenii (up to 31%), as well as of the fresh wa ter epiphytic taxa 
of Staurosirella pinnata et var. lancettula (13.3%) and
Punctastriata ovalis (8%). The above data in di cate the im -
prove ment of palaeo eco logi cal con di tions in the an cient ba sin
(a slight rise of wa ter level and in flux of min eral mat ter) at this
stage. The palaeobasin was oligotrophic, as be fore. L DAZ D-1 
and L DAZ D-2 cor re spond to L PAZ  Do 12 Pinus– Pi -
cea–NAP. 

L DAZ D-3 (117.2–116.5 m) is marked by a sharp de crease
in the per cent age of all eco log i cal di a tom groups, and only to
the end of this zone does the abun dance of di a toms again in -
crease by vir tue of the epiphytic taxa (Martyana martyi — up to 
47%, Cocconeis pediculus — 5.6% and C. placentula with va -
ri et ies — 4.2%). At this depth in ter val fos sil chrysophyte cysts
pre fer ring gen er ally cold wa ter were found in great num ber.
This sug gests gen eral changes in lac us trine or lac us trine-flu vial 
biota caused by en vi ron men tal (pri mar ily cli mate) shifts, in
agree ment with the re sults of palynological in ves ti ga tions
(L PAZ Do 13a Cyperaceae–Picea) obtained by Winter.

L DAZ D-4 (116.5–115.6 m) is iden ti fied by the max i mum
tax o nomic di ver sity of di a toms in this pro file (up to 90 spe cies
and intraspecific taxa) and by the abun dance of many plank tonic
and some ben thic/epiphytic taxa. This di a tom zone in cludes two
subzones. Subzone D-4a (116.5–116.1 m) is dom i nated by var i -
ous plank tonic taxa of Stephanodiscus (S. rotula — to 17%, S.
niagarae var. insuetus — to 8%, S. parvus — to 10%,
Stephanodiscus sp. aff. S. raripunctatus — 2.8%) and Fragilaria 
cf. capucina — to 13%, as well as by ben thic spe cies of
Tryblionella angustata (8.6%), Am phora libyca (4.4%),
Cymatopleura solea (2.8%), and the epiphytic spe cies
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Fig. 4. Di a tom suc ces sion and the sed i men tary re cord from the Domuraty sec tion



Fragilariforma hungarica (to 30%). Subzone D-4b
(116.1–115.6 m) dif fers by the prev a lence not only of Stephano -
discus rotula (14.2%) and Fragilaria cf. capucina (to 12%), but
also of cer tain plank tonic  spe cies of Aulacoseira (A. ambigua
— to 10.4% and A. granulata — to 9.8%). Pro por tions of ben -
thic and epiphytic di a toms de creased. The con stant pre dom i -
nance of plank tonic taxa in L DAZ D-4 re flects a higher wa ter
level of the palaeolake at this stage than in the pre vi ous one. The
ap pear ance and a gen er ally high con tent of the tem per ate
warm-wa ter taxa of Aulacoseira men tioned above to gether with
some cold-wa ter di a tom spe cies in subzone D-4b tes tify to a
meso-oligotrophic or even mesotrophic re gime in the fos sil lake.
Di a tom subzones D-4a and D-4b cor re spond to L PAZ Do 13b
Poaceae–Ar te mi sia–Betula  and L PAZ Do 14 Pinus.

L DAZ D-5 (115.6–115.1 m) is char ac ter ized by the ab so -
lute max i mum of the epiphytic spe cies Pseudoaulacosira
brevistriata (as much as 55%) and of the plank tonic taxon
Fragilaria cf. capucina (as much as 35%) in this pro file. More -
over, Staurosirella pinnata et var. lancettula shows a sec ond
peak (up to 13%). The di a tom as sem blage de scribed sug gests a
low er ing of  wa ter level in the an cient lake in the com par i son
with the pre vi ous stage. This di a tom zone cor re sponds to
L PAZ Do 15 Picea–Carpinus–Quercus.

The next L DAZ D-6 (115.1–114.5 m) is marked by de -
crease in  the amount of di a toms, es pe cially to the end of this
zone. The quan ti ties of many spe cies rep re sented by
Staurosira, Synedra, Gomphonema, Achnanthes, Sellaphora
and other taxa are in sig nif i cant. The val ues of  Pseudoaulaco -
sira brevistriata abruptly re duce to 12–0.4%, and only
Aulacoseira ambigua has a max i mum oc cur rence in the pro file
(17.2%) at the be gin ning of  this zone. The changes noted in the 
di a tom com po si tion are in dic a tive of shallowing and ap par -
ently eutrophication of the an cient lake. L DAZ D-6 cor re -
sponds to L PAZ Do 16 Quercus–Ulmus and partly to L PAZ
Do 17 Carpinus–Alnus–Abies.

De pos its, cor re spond ing to L DAZ D-7 (114.5–114.3 m),
con tain a very poor di a tom flora (14 taxa) with few valves of
Aulacoseira, Synedra, Martyana, Epithemia, and so on. The
palaeolake re mained shal low.

Hence, the di a tom suc ces sion re vealed in the lac us trine-flu -
vial-swampy deposits from the pro file at Domuraty can be rep -

re sented as fol lows: Staurosirella, Pseudostaurosira ®

Fragilariforma, Staurosirella, Punctastriata ® a small num -

ber of di a toms ex cept Matryana and Cocconeis® 
Stephanodiscus, Aulacoseira, Fragilaria cf. capucina,

Fragilariforma, Tryblionella, Am phora ® Pseudostaurosira,

Fragilaria cf. capucina ® Aulacoseira, Pseudostaurosira ® a 
very low fre quency of di a toms. Gen er ally, this di a tom suc ces -
sion re flects lake changes from a not very deep, oligotrophic
ba sin (L DAZ D-1–L DAZ D-3) to a lake of me dium depth and
meso-oligotrophic or mesotrophic type (L DAZ D-4–L DAZ
D-5), and fi nally to a shal low and slightly eutrophic lake
(L DAZ D-6 — partly L DAZ D-7).

DISCUSSION

The Domuraty se quence is a long pol len se quence re cord -
ing al ter na tions of for est and open veg e ta tion com mu ni ties in
re sponse to climate changes.

The in ter pre ta tion of the Domuraty pol len se quence in
terms of the veg e ta tion de vel op ment is dif fi cult due to the lack
or scarcity of pol len in the sand lay ers, which could be re lated
to flu vial ac tiv ity (Win ter and Lisicki, 2005). Nev er the less the
gen eral pat tern of vegetational change is clear.

The two stages Do I and Do III are as so ci ated with warm
cli mate con di tions which led to the ex pan sion of de cid u ous for -
ests with Quercus, Tilia cordata and Ulmus dom i nat ing, as
well as Corylus in stage Do I, and also with the par al lel pres -
ence of Carpinus, Picea and Abies in Do III. The char ac ter is tic
fea ture of Do III is the con tin u ous pres ence of Az ol la
filiculoides. The first stage Do I was briefly in ter rupted by a
rapid spread of Picea be fore the on set of stadial con di tions. The 
pre vail ing bo real pol len taxa of stages Do II and Do IV sug -
gests that they rep re sent cold interstadials. 

In Po land inter gla cial pol len succesions of the
Augustovian (Janczyk-Kopikowa, 1996; Ber et al., 1998;
Win ter, 2001; Lisicki and Win ter, 2004; Ber, 2005) and the
Ferdynandovian interglacials (Janczyk-Kopikowa, 1975;
Janczyk-Kopikowa, 1991b; Mamakowa, 2003; Pidek, 2003)
rep re sent com plex se quences with re cords of gla cial?/inter -
gla cial cy cles (per haps, cold/warm cy cles), within each of
which Carpinus ap pears to be char ac ter is tic only dur ing the
sec ond inter gla cial. Com par i sons have been made be tween
these pol len suc ces sions. The pol len re cords from Domuraty
show a sim i lar pat tern of veg e ta tion de vel op ment and ap pear -
ance of Carpinus. The lack of Carpinus pol len in older
interglacials and its pres ence in the youn ger ones is char ac ter -
is tic of Augustovian and Ferdynandovian se quences, as well
as of the Domuraty suc ces sion. In the Domuraty se quence the
dif fer ent be hav iour of Picea, which in creases with Carpinus
and other thermophilous trees, is dis tinct. More over the Abies
pol len curve par al lels that of Carpinus.

The vegetational suc ces sion of the warm stages of the
Domuraty se quence in di cates a cli mate shift to cooler con di -
tions re flected by more open char ac ter of the for est and lower
pro por tions of thermophilous taxa. More de tailed in spec tion of
the first warm phase Do I shows very sub stan tial dif fer ences
be tween it and the first inter gla cial of the Ferdynandovian suc -
ces sion. The main ones are: a con tin u ous Picea pol len curve at
the be gin ning of Do I, very low pro por tions of thermophilous
trees and the ab sence of Celtis, Ilex, Buxus, Taxus and Vitis pol -
len. The Domuraty se quence does not in clude the  Abies phase
ob served in di a grams of the Ferdynandovian suc ces sion. The
pol len se quence from Domuraty is more sim i lar to the
Augustovian than to the Ferdynandovian one. 

There fore the pol len re cord in di cates that Domuraty suc -
ces sion can not be cor re lated with Augustovian and
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Ferdynandovian pol len se quences. The Augustovian and
Ferdynandovian interglacials are at trib uted to the early Mid dle
Pleis to cene in Pol ish stra tig ra phy (Ber et al., 1998; Lindner and 
Astapova, 2000; Lisicki and Win ter, 2004; Ber, 2005; Win ter
and Lisicki, 2005; Lindner et al., 2006; Fig. 5). 

The strati graphi cal po si tion of the Augustovian Inter gla cial
has been de ter mined by palaeomagnetic stud ies (Ber, 2000). The 
de pos its in ves ti gated were de pos ited at the Matu yama–Bruhnes
mag netic po lar ity re ver sal. Based on this re sult the sec ond warm
stage/inter gla cial of the Augustovian Inter gla cial could be cor re -
lated with Ma rine Iso tope Stage 19, and the first one with Ma rine 
Iso tope Stage 21, i.e. with the Cro mer I (Waardenburg Inter gla -
cial ) of Dutch stra tig ra phy (Zagwijn, 1985, 1996). 

On the ba sis of the palaeomagnetic stud ies, de pos its be -
long ing to the Ferdynandovian Inter gla cial have been placed in 
Bruhnes chronozone (Krzyszkowski et al., 1996). Lindner et
al. (2004) at trib uted the first warm stage/inter gla cial of the
Ferdynandovian pol len suc ces sion  to MIS 15 ( Cromerian III
Inter gla cial), and the sec ond one was re ferred to MIS 13
(Cromerian IV Inter gla cial). 

Lindner et al. (2004) sug gest that the Ma³opolanian Inter -
gla cial cor re sponds to the MIS 17. There fore the com po si tion
of the pol len flora and the gen eral pat tern of the veg e ta tion de -
vel op ment in the Domuraty sec tion in di cate also its re la tion to
the early Mid dle Pleis to cene and it could be a palynological
equiv a lent of the Ma³opolanian Inter gla cial (Lindner et al.,
2000; Kacprzak et al., 2002; Win ter et al., 2005; Lindner et al.,
2006). Nev er the less the lack of chro no log i cal con trol of the

pol len-bear ing de pos its makes chronostratigraphical cor re la -
tion dif fi cult. 

In Po land, de pos its at trib uted to the Ma³opolanian Inter gla -
cial have been rec og nized at £owisko (Stuchlik and Wójcik,
2001). The frag men tary pol len suc ces sion rep re sents   the de -
cline of a warm pe riod char ac ter is tic of inter gla cial suc ces -
sions, and  a con sid er able part of this suc ces sion is re ferred to 
gla cial con di tions. Be cause of the lack of Carpinus it might be
cor re lated with the fi nal part of the warm stage Do I (Do 5
L PAZ) dis tin guished  in the Domuraty pol len di a gram.

The se quence from Domuraty ap pears to share a great sim i -
lar ity with Göttingen, Otto-Strasse (Grüger, 1996) in terms of
the char ac ter of the pol len flora and the palynological re cord of
warm/cold cy cles. In the pol len flo ras from both pro files ex otic
el e ments are rep re sented only by Az ol la filiculoides. The
vegetational de vel op ment of Do I re sem bles that re corded in
GOS II (the sec ond warm pe riod) at Göttingen. In both pe ri ods
Picea is a very im por tant for est com po nent, and Carpinus is
ab sent. For est phase Do III could be cor re lated with GOS III.
The sim i lar ity is ex pressed by the oc cur rence of Carpinus pol -
len and massulae of Az ol la filiculoides a wa ter fern. 

In terms of the chronostratigraphical po si tion the
Göttingen, Otto-Strasse se quence, on the ba sis of palynological 
in ves ti ga tions and palaeomagnetic stud ies, has been as cribed to 
the Cromerian Com plex Stage s.l. (Grüger, 1996).

The Cromerian Inter gla cial III from Rosmalen has been dis -
tin guished in the Cromerian Com plex Stage of the Neth er lands
(Zagwijn, 1996). De spite some dif fer ences, the dom i nance and
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de vel op ment of veg e ta tion are sim i lar for this inter gla cial and the 
Do III warm stage. Both suc ces sions are char ac ter ized by the oc -
cur rence of Carpinus and Picea pol len from the be gin ning of
these stages, rel a tively high per cent ages of Carpinus and Picea
pol len and low val ues of thermophilous trees. 

COMPARISON OF THE DOMURATY 
DIATOM SUCCESSION

A com par a tive anal y sis of di a tom suc ces sions re vealed in
the pro files at Domuraty and Komorniki showed the fol low ing
shared pe cu liar i ties. In the pro file at Komorniki two in ter vals
with a rel a tively high con tent of plank tonic spe cies of the gen -
era Stephanodiscus and Aulacoseira, cor re spond ing to L DAZ
K-2 and L DAZ K-6, are pres ent (Khursevich et al., 2005),
while in the pro file at Domuraty only one in ter val with an in -
creased per cent age of those (L DAZ D-4 — the lower part of
L DAZ D-6) has been noted. More over, the plank tonic spe cies 
Fragilaria cf. capucina is abun dant in L DAZ D-4–L DAZ D-5  
in the Domuraty pro file. The cold-wa ter lit to ral plank tonic spe -
cies of Fragilariforma heidenii that pre ferred brack ish wa ter
(Krammer and Lange-Bertalot, 1991a) gen er ally rather high
val ues in L DAZ K-4 and L DAZ K-6b at Komorniki, and in
L DAZ D-2 and L DAZ D-4a at Domuraty.

Among the Aulacoseira taxa, both spe cies A. ambigua and
A. granulata are char ac ter is tic of these pro files. How ever, in
the pro file at Komorniki spores of Aulacoseira be long ing ap -
par ently to sev eral spe cies of this ge nus were oc curred in great
num ber in subzone K-6d. In the pro file at Domuraty
Aulacoseira spp. rep re sented by spores were not numerous.

Spe cies of Stephanodiscus are more di verse in the pro file at 
Komorniki as com pared with that at Domuraty. Both pro files
con tain the fol low ing com mon taxa of Stephanodiscus: S.
niagarae var. insuetus and S. rotula (with some mor pho log i cal
pe cu liar i ties), Stephanodiscus sp. aff. S. raripunctatus, as well
as the small spe cies S. hantzschii, S. parvus and S. minutulus.
But cer tain un iden ti fied, ap par ently new di a tom rep re sen ta -
tives, such as Stephanodiscus sp. 1 (small spec i mens with thin
areolation of valves) and Stephanodiscus sp. 2 (large spec i -
mens with nar row fas ci cles of areolae), found in the di a tom
suc ces sion at Komorniki (Khursevich et al., 2005), are ab sent
from that at Domuraty.

Ben thic/epiphytic spe cies in di a tom suc ces sions of both
pro files are rep re sented mainly by the dom i nant taxa
Fragilariforma hungarica, Staurosirella pinnata et var.
lancettula, Staurosirella sp. 1 (small spec i mens with short
coarse striae and oval ax ial area), Pseudostaurosira
brevistriata, Punctastriata ovalis, Martyana martyi,
Tryblionella angustata and some other mem bers. They are
abun dant in those lo cal di a tom as sem blage zones which re flect
a not very deep, oligotrophic type of an cient ba sin. Ad di tion -
ally, three un iden ti fied, ap par ently new spe cies of
Staurosirella,  char ac ter ized by dif fer ent shapes of valves and
their ends, dif fer ent shapes of the ax ial area and by the char ac -
ter of api cal pore fields, as well as one un iden ti fied spe cies of
Pseudostaurosira, were found in the pro file at Komorniki.
More over, some in ter me di ate forms be tween Staurosira and

Staurosirella (on the struc ture of areolar striae) oc curred in the
lac us trine-swamp-flu vial se quence at Komorniki.

On the whole, the tax o nomic com po si tion of di a toms from
the pro file at Domuraty dif fers by lesser di ver sity as com pared
with that at Komorniki (133 taxa in  the Domuraty pro file
against 216 spe cies and intraspecific taxa in the Komorniki
pro file). This may be caused by the di lu tion of di a tom valves
with sandy ma te rial at Domuraty, or by palaeoenvironmental
con di tions af fect ing the de vel op ment of di a toms. 

Di a tom suc ces sions from the Komorniki and Domuraty
pro files are sim i lar in many as pects as shown above (the pres -
ence of many com mon dom i nant spe cies be long ing not only to
Stephanodiscus and Aulacoseira, but also to Fragilariforma,
Staurosirella, Pseudostaurosira, Punctastriata and Martyana).
Among ex tinct mem bers of di a toms, re corded in both pro files,
Stephanodiscus niagarae var. insuetus (with some mor pho log -
i cal pe cu liar i ties), Stephanodiscus sp. aff. S. raripunctatus and
Staurosirella sp. 1 should be noted. But the as sem blage of ap -
par ently ex tinct spe cies in the di a tom suc ces sion at Komorniki
is more di verse, and is rep re sented also by sev eral un iden ti fied
mem bers of Stephanodiscus, Staurosirella and Pseudostauro -
sira noted above. This is in dic a tive of an older age of the di a -
tom flora from Komorniki, be long ing to the Augustovian Inter -
gla cial (Khursevich et al., 2005), in the com par i son with that
from Domuraty.

On the other hand, suc ces sions of di a toms at Komorniki
and Domuraty es sen tially dif fer from di a tom suc ces sions
known from many pro files of the Ferdynandovian Inter gla cial
in Po land (Khursevich et al., 1990; Marciniak, 1990;
Marciniak and Lindner, 2003) and of the Byelovezhian Inter -
gla cial in Belarus (Khursevich and Loginova, 1986;
Velichkevich et al., 1997; Khursevich, 1999). First of all, ab -
sent from the lac us trine-swamp-flu vial se quences from both
pro files stud ied are stenochronous taxa of the Byelovezhian/
Ferdynandovian Inter gla cial, such as Cyclotella reczickiae,
Stephanodiscus determinatus, S. styliferum and S. peculiaris
var. ferdynandoviensis. The lat ter is known from pro files at
Ferdynandów (Przyby³owska-Lange and Khursevich, 1991)
and Popio³y (Marciniak and Lindner, 2003) in Po land. As far as 
the nom i nate va ri ety of Stephanodiscus peculiaris is con -
cerned, this taxon was first de scribed from the pro file of the
Byelovezhian Inter gla cial at Krasnaya Dubrova in the ter ri tory
of Belarus (Khursevich, 1987), and later it was found in other
co eval pro files not only in Belarus, but also in Rus sia and Po -
land (Khursevich et al., 1990; Antsiferova, 1991; Marciniak
and Lindner, 2003). 

Fur ther more, the ab sence of the ap par ently ex tinct
Stephanodiscus raripunctatus, orig i nally de scribed from the
Byelovezhian Inter gla cial lac us trine de pos its at Krasnaya
Dubrova (Khursevich and Loginova, 1986; Khursevich, 1999)
is char ac ter is tic of the Komorniki and Domutary pro files.
Stephanodiscus sp. aff. S. raripunctatus, re vealed in the
Komorniki and Domuraty se quences, dif fers from the typ i cal S. 
raripunctatus (Khursevich, 1999: 594, fig. 33) by the pres ence
of valves with a strongly con cave or con vex cen tral area which
is com monly structureless, as well as in the num ber of areolae
and hyaline strips (or costae) in 10 mm on the valve sur face. 

Some mor pho log i cal pe cu liar i ties of Stephanodiscus
niagarae var. insuetus in the Komorniki pro file have al ready
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been noted by Khursevich et al. (2005). Stephanodiscus rotula
abun dantly rep re sented in both pro files stud ied, is dis tin -
guished by the spe cific ex ter nal ex pres sions of mar ginal
fultoportulae on the valve man tle.

An in sig nif i cant par tic i pa tion of the Cyclotella spe cies is
also dis tinc tive fea ture of di a tom suc ces sions from the lac us -
trine-swamp-flu vial se quences at Komorniki and Domuraty as
com pared with those known from many pro files of the
Byelovezhian Inter gla cial in Belarus and the Ferdynandovian
Inter gla cial in Po land. Only the long-lived taxa Cyclotella
atomus, C. meneghiniana and C. distinguenda were in fre quent
in the sed i men tary re cords ob tained from both stud ied sec tions, 
while gen er ally high val ues show many Cyclotella mem bers,
in clud ing the ex tinct C. comta var. pliocaenicus, C. comta var.
lichvinensis and C. reczickiae var. diversa, in the de pos its of
the Byelovezhian/Ferdynandovian Inter gla cial. The extinct
Cyclotella taxa men tioned above be long to those do minating
also in the Al ex an drian Inter gla cial se quences of Belarus
(Loginova, 1979; Khursevich and Fedenya, 1998; Khursevich,
1999), and some of these (C. comta var. pliocaenicus and C.
comta var. lichvinensis) are typ i cal of the pro files of the
Mazovian Interglacial from Poland (Marciniak, 1998).

The di a tom suc ces sions at Komorniki and Domuraty are
sim i lar in the abun dance of plank tonic spe cies of
Stephanodiscus and Aulacoseira, as well as in the small
amounts of Cyclotella with the suc ces sion of di a toms stud ied in 
the Mogilevian Inter gla cial de pos its from the Krasnaya
Dubrova pro file (the bore hole 13B) in Belarus (Khursevich et
al., 1990). Nev er the less the tax o nomic com po si tion of di a toms
in the Komorniki se quence is char ac ter ized by the pres ence of
cer tain im por tant, ap par ently ex tinct spe cies of Stephanodicus
(in par tic u lar, sev eral un iden ti fied taxa of this ge nus noted
above, and Stephanodiscus sp. aff. S. raripunctatus — the lat -
ter is pres ent also at Domuraty) which are ab sent both from the
di a tom as sem blages of the Byelovezhian/Ferdynandovian and
the Mogilevian interglacials. The same is also char ac ter is tic
of some small, un iden ti fied Staurosirella and Pseudo -
staurosira rep re sen ta tives, as well as of cer tain in ter me di ate
forms be tween Staurosira and Staurosirella found in the
pro file at Komorniki. The  abun dant oc cur rence of
Fragilariforma heidenii and F. tumida is typ i cal of both di a -
tom suc ces sions stud ied.

Thus, a com par a tive anal y sis of di a tom suc ces sions re -
vealed in the lac us trine-swamp-flu vial se quences at Komorniki 
and Domuraty showed that they be long ap par ently to dif fer ent

age in ter vals. Ac cord ing to geo log i cal, palynological,
diatomological and malacological in ves ti ga tions, the de pos its
of this se quence in the Komorniki pro file pro ceeded mainly in
the Augustovian Inter gla cial (Ber, 2000, 2005; Khursevich et
al., 2005). The re sults of palynological and petrographic stud -
ies of the lac us trine-flu vial-swamp suc ces sion in the Domuraty
sec tion sug gest its ac cu mu la tion ap par ently dur ing on
interstadial not con nected with the Augustovian and
Ferdynandovian interglacials (Win ter and Lisicki, 2001, 2005;
Lisicki and Win ter, 2004). With re gard to the com pli cated
char ac ter of the pol len suc ces sion and the un cer tain strati -
graphic po si tion of the tills the se quence from Domuraty may
ten ta tively be re lated to the Ma³opolanian Inter gla cial of the
early Mid dle Pleis to cene (Win ter and Lisicki, 2005).

The data de rived from di a tom anal y sis also in di cate that the
di a tom suc ces sion from the pro file at Domuraty ap par ently oc -
cu pies a tran si tional po si tion be tween the Augustovian and
Ferdynandovian interglacials. But it is sim i lar to the
Augustovian suc ces sion of di a toms stud ied from the
Czarnucha (Marciniak, 2004) and Komorniki sec tions
(Khursevich et al., 2005), and is dis tinct from the
Ferdynandovian di a tom suc ces sion in Po land (Khursevich et
al., 1990; Marciniak, 1990; Marciniak and Lindner, 2003) and
from both the Byelovezhian and the Mogilevian Inter gla cial
suc ces sions in Belarus (Khursevich and Loginova, 1986;
Velichkevich et al., 1997; Khursevich, 1999).

As a re sult of the new palaeobotanical in ves ti ga tions the
Domuraty se quence might be re garded as a new warm stage in 
the Pleis to cene. In con clu sion palynological and di a tom data,
as well as through the strati graphi cal po si tion of tills un der ly -
ing and over ly ing the de pos its ex am ined, their strati graphi cal
po si tion could be as signed  to the Cromerian Com plex Stage
sit u ated in the up per part of the early Pleis to cene and the
lower part of the Mid dle Pleis to cene suc ces sion (Gibbard and
Van Kolfschoten, 2004). The chronostratigraphical po si tion
of the Domuraty se quence as the time equiv a lent of the
Ma³opolanian Inter gla cial could sup port Müller’s opin ion
(1986) that this com plex con tains more warm stages than pre -
vi ously rec og nized.
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