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A pol len se quence of Holsteinian/Mazovian age known since the 1980s in Brus (West ern Polesie) is the sec ond site with a
plant macrofossil re cord in east ern Po land. High sed i men ta tion rates in a palaeolake that func tioned in this area have al -
lowed a de tailed cli mate re con struc tion that en abled to trace the Older and Youn ger Holsteinian os cil la tions and to out line
the wa ter-level changes in the wa ter body. Cli mate re con struc tions, based on full palaeobotanical anal y ses (pol len and
macroremains), were com pared with those from Nowiny ¯ukowskie (Lublin Up land), re veal ing re gional cli ma tic pat terns.
The two Holsteinian cli mate os cil la tions were cor re lated with those de tected in the Dethlingen sec tion of Ger many
(Koutsodendris et al., 2010), pro vid ing more in for ma tion on the spa tial scale of these events.

Key words: pol len anal y sis, macrofossil re mains anal y sis, Mazovian/Holsteinian Inter gla cial (MIS 11c), palaeo eco logi cal
and cli mate re con struc tion, E Po land.

INTRODUCTION

Cli mate re con struc tions of past interglacials are made with
dif fer ent ap proaches of which palaeobotanical and palaeo eco -
logi cal stud ies are of main im por tance as plants are very sen si -
tive to chang ing en vi ron men tal con di tions. The de tailed knowl -
edge of past interglacials, where no hu man im pact was ob -
served, is sig nif i cant in the con text of Ho lo cene cli mate chan -
ges. It is im por tant to dis tin guish nat u ral and anthropogenic
causes of tem per a ture changes, cir cu la tion of air masses, mar i -
time in flu ence and other fac tors for the need of fu ture sce nar ios
of cli mate changes. Interglacials have been in ves ti gated to ad -
dress the prob lem of cyclicity, global cir cu la tion mod els, so lar
forc ing, and re lated sub jects (de Beaulieu et al., 2001; Thomas, 
2001; Müller et al., 2005; Brauer et al., 2007; Tzedakis et al.,
2009; Tzedakis, 2010; Head and Gibbard, 2015 and ref er ences 
therein). Two of the most stud ied interglacials pre ced ing the
Ho lo cene warm ing have re ceived a par tic u lar in ter est. These
are the Eemian Inter gla cial that is cor re lated with Ma rine Iso -
tope Stage 5e (MIS 5e), and the Holsteinian Inter gla cial that is
cor re lated with MIS 11c (Lee et al., 2004; Head and Gibbard,
2015). The strati graphic po si tion of the Holsteinian Inter gla cial
(that is equiv a lent to the Hoxnian Inter gla cial in the Brit ish Isles,

and the Mazovian Inter gla cial in Po land) has been much de -
bated in the lit er a ture (among oth ers Reille et al., 2000; de
Beaulieu et al., 2001; Desprat et al., 2005; Nitychoruk et al.,
2005, 2006; Ash ton et al., 2008). How ever, in the lat est in ves ti -
ga tions the Holsteinian is cor re lated with Ma rine Iso tope
Stage 11c (MIS 11c) (Koutsodendris et al., 2010; Head and
Gibbard, 2015 and ref er ences therein). 

Re cently, much at ten tion has been paid to the Holsteinian
Inter gla cial be cause it rep re sents a long-last ing warm pe riod
with one dis tinct intra-inter gla cial cool ing called, af ter Koutso -
dendris et al. (2010), Older Holsteinian Os cil la tion (OHO), and
one, less ex pressed, called Youn ger Holsteinian Os cil la tion
(YHO). A high-res o lu tion pol len re cord from Dethlingen (north -
ern Ger many) has proved to be very use ful for es ti ma tion of the
du ra tion of both the events due to varved sed i men ta tion. The
Holsteinian has re cently been un der de tailed study, as MIS 11c
is con sid ered to be one of the clos est cli mate an a logue for the
Ho lo cene (Ruddiman, 2005; Tzedakis, 2010; Koutsodendris et
al., 2011, 2012, 2013).

The Holsteinian Inter gla cial has been in ves ti gated in many
palaeobotanical stud ies. Rich Holsteinian fos sil re cords are
known from the low lands of east ern Po land (Krupiñski, 2000;
¯arski et al., 2005). About 40 of them have been stud ied paly -
no logi cal ly re veal ing veg e ta tion dy nam ics and cli mate chan ges
(e.g., Brem, 1953; Sobolewska, 1977; Biñka and Nity choruk,
1995, 1996; Krupiñski, 2000; Pidek, 2003; Hryno wiecka -
-Czmielewska, 2010; Pidek et al., 2011; Hrynowiecka and Win -
ter, 2016). One of them is Brus in West ern Polesie (Fig. 1),
known since 1980 (Buraczyñski and Wojtanowicz, 1982). The
pol len and di a tom anal y sis en abled the re con struc tion of veg e -
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ta tion his tory and out lined the palaeoclimate changes as well as 
the evo lu tion of the palaeo lake with a high sed i men ta tion rate
(Pidek, 2003; Khursevich et al., 2003). A dis tinct intra-inter gla -
cial cool ing event is ex pressed in the Brus pol len di a gram by a
de crease of Taxus and a si mul ta neous in crease of Pinus pol len 
per cent ages. It re mains un clear whether this event was caused
by cli mate cool ing or dry ness, or a com bi na tion of both. The
same fea tures have been found in the Nowiny ¯ukowskie pro -
file. Au thors com pared events from Brus and Nowiny ¯uko -
wskie to the OHO event from Dethlingen (Koutsodendris et al.,
2012). Nowiny ¯ukowskie (Fig. 1) is the first long Holsteinian
pro file in the Lublin Up land (E Po land) with a com plete palaeo -
botanical re cord (pol len and macrofossil re mains; Hryno -
wiecka -Czmielewska, 2010). The Brus and Nowiny ¯ukowskie
pro files are sit u ated ~80 km apart in east ern Po land.

No plant macrofossils have been ana lysed so far in the Brus 
pro file to find any con fir ma tion of this cli mate os cil la tion and
rush plant com mu ni ties in the lake. 

The Youn ger Holsteinian Os cil la tion is less clear and oc -
curs in the youn ger part of the inter gla cial op ti mum. It is marked
by a rapid de cline of Carpinus pol len fol lowed by a dis tinct rise
of Abies per cent ages.

The cor re la tion of both the OHO and YHO events from
Dethlingen (Koutsodendris et al., 2012, 2013) with pol len and
macrofossil data from Nowiny ̄ ukowskie al lowed for align ment
of warm ing and cool ing trends within the Holsteinian Inter gla -
cial, as pre lim i nar ily de ter mined in the Nowiny ¯ukowskie
palaeo botanical re cord, us ing the cli mate in di ca tor method
(Hrynowiecka and Win ter, 2016).

Both os cil la tions are ob serv able in the pol len di a gram from 
Brus. Be cause of the high sed i men ta tion rates, the pol len di a -
gram of Brus has a higher res o lu tion than Nowiny ¯ukowskie,
pro vid ing more de tails on the na ture of these os cil la tions in
east ern Po land. This fact en cour aged the au thors to con duct
macrofossil anal y sis of the Brus fos sil lac us trine de pos its so
that it was able to sup port the re cord of cli mate os cil la tions in
more de tail by both palaeobotanical meth ods and sub se -
quently com pare it to Nowiny ̄ ukowskie. The aim of the study
is to trace sim i lar i ties and dif fer ences be tween both pol len and 
macrofossil data from Brus and Nowiny ¯ukowskie in E Po -
land. Spe cial at ten tion is paid to the OHO and YHO and their
com par i son with the Dethlingen pol len di a gram in north ern
Ger many in terms of trac ing the west-east continentality cli ma -
tic gra di ent. The study also tries to solve the prob lem how the
plant macroremains data sup port or re ject the ex is tence of the
OHO and YHO cli mate events in the Brus pro file.

MATERIAL AND METHODS

POLLEN ANALYSIS 

The pro file of lac us trine and peat de pos its from Brus is 21 m 
long (3.80–24.70 m b.g.l.). Palynological anal y sis was car ried
out on 106 sam ples, 18 of which come from the peat. The meth -
ods of lab o ra tory treat ment of pol len sam ples were de scribed in
Pidek (2003).

The palynological re sults are pre sented as a per cent age
pol len di a gram (Fig. 2) that was pre pared us ing the POLPAL
soft ware (Nalepka and Walanus, 2003). Pol len suc ces sion from 
Brus was di vided into 12 lo cal pol len as sem blage zones
(L PAZs) num bered from the bot tom up wards in the organo -
genic se quence (Pidek, 2003).

PLANT MACROFOSSILS ANALYSIS

The meth od ol ogy was de scribed in de tail by Hrynowiecka
and Szymczyk (2011) and Stachowicz-Rybka (2011). The
macro remains di a gram was drawn us ing the POLPAL soft ware
(Nalepka and Walanus, 2003).

A hun dred and ten sam ples were ana lysed, which were col -
lected from the same depths as the palynological ones. Sixty -six
taxa were de ter mined, in clud ing 14 trees and shrubs (9 de ter -
mined to the level of spe cies, sec tion – 2, fam ily – 2, and ge nus –
1), 13 ter res trial plants (all de ter mined to the spe cies level), 15
rush plants (13 to the spe cies level and 2 to the type level) and 16
aquatic plants (12 – to the spe cies, 1 – to the fam ily, and 3 – to the
ge nus), and 8 oth ers rep re sent ing fungi, bryo zoans, Clado cerans,
leaves, fishes, shells of mol lusc and fra g ments of in sects.

The counts were val o rized to avoid too much ex ten sion of
the di a gram (for graphic ex pla na tions see Fig. 3). De ter mi na -
tions were made i.a. by the use of at lases of plant re mains
(Velich kevich and Zastawniak, 2006, 2008).

The plant macrofossil suc ces sion was di vided into 11
macrofossil as sem blage zones (Fig. 3). The names of L MAZ
were cre ated in such a way that the names of aquatic plants and 
rushes were given in the first place and the name of ter res trial
plants in brack ets. 

De tails about the con tent of macroremains in each zone are 
de scribed in Ta ble 1.
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Fig. 1. Lo ca tion of the Brus and Nowiny ¯ukowskie sites



RESULTS AND INTERPRETATION 
OF PALAEOBOTANICAL INVESTIGATIONS

The veg e ta tion his tory de rived from both plant mi cro- and
macroremains is de scribed in chro no log i cal or der start ing from
the pol len spec tra rep re sent ing the Late Gacial of the Sanian 2
(=Elsterian Gla ci ation = MIS 12) through the whole Mazo -
vian/Holsteinian Inter gla cial suc ces sion, to the Early Gla cial of
the Liwiecian (=Saalian Gla ci ation = MIS 10). Within the inter -
gla cial, a tra di tional sub di vi sion is used (protocratic, meso -
cratic, telocratic pe ri ods). The OHO and YHO were sep a rately
dis tin guished within the mesocratic period. 

Veg e ta tion his tory re corded in this organogenic se quence
starts with open com mu ni ties of the Late Gla cial pre ced ing the
inter gla cial warm ing, and is re flected in the Br-1 NAP-Juni -
perus -Betula L PAZ (Fig. 2). Vast ar eas were cov ered by

steppe -like com mu ni ties es pe cially in drier hab i tats. Grass -
lands with ju ni per de vel oped on dry poor soils. Ex ten sive ar eas
were cov ered by var i ous tun dra com mu ni ties, as ev i denced by
con sid er able val ues of Cyperaceae pol len and rel a tively high
fre quen cies of Betula nana t. and Salix pol len. 

Tree birches were prob a bly scat tered or formed small
patches with ad mix ture of larch and pine. The very high val ues 
of re de pos ited pre-Qua ter nary sporomorphs in di cate in tense
soil ero sion pro cesses that oc curred due to a low plant cover.
The ter res trial re cord agrees with that based on plant macro -
fossils (BR MAZ 1). The zone bears only spo radic fos sils of
plants (Ta ble 1). The res er voir in Brus started func tion ing at
the end of the Sanian 2 (= Elsterian Gla ci ation), as a meso -
trophic and shal low lake, as ev i denced by the pres ence of
Nuphar, prob a bly sur rounded by peat bogs (Sphag num
leaves) and rushes with Carex sp. Sclerotia of Cenococcum
geophillum con firm the un sta ble soil cover. The catch ment
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Fig. 2. Sim pli fied pol len di a gram from Brus

Teloc. – telocratic phase



area was prob a bly poorly cov ered with veg e ta tion (Stacho -
wicz -Rybka, 2011).

Mac ro scopic re mains of Sphag num can be con sid ered
rem nants of the ini tial peat (Tobolski, 2000). Col o nies of Pedia -
strum kawraiskyi in di cate low tro phy of the lake at that time
(Jankovská and Komárek, 2000).

MAZOVIAN INTERGLACIAL 

PROTOCRATIC PHASE

Br-2 Betula L PAZ. Pi o neer birch for est oc cu pied open ar -
eas. Al der and ash started to grow on wet hab i tats. Grass com -

mu ni ties with abun dant ju ni per and patches of shrub tun dra still
per sisted in many places. The older part of the Br-2 L PAZ cor re -
lates with the BR MAZ 2 Chara–(Betula nana–Betula s. Albae).
Betula nana and B. humilis fruits in di cate that the cli mate was
cool (Ta ble 2). In the sur round ings of the palaeo lake, com mu ni -
ties with Betula s. Albae and Pinus sylvestris spread. The edges
were cov ered by a reed belt with Phra gmites aus tra lis. The res er -
voir was prob a bly still shal low, which fa cil i tated heat ing of the wa -
ter, al low ing oc cur rence of bryo zoans Cristatella mucedo that,
pre fer warm lakes with a wa ter tem per a ture ~11–16°C (�kland
and �kland, 2000). More over, they live in rel a tively clear wa ter
with at least an av er age con tent of CaCO3 (Bennike et al., 1994)
and pH >5.4 (�kland and �kland, 2000). Such wa ter pa ram e ters 
are con firmed by the oc cur rence of Chara (Ta ble 2), that is also
an in di ca tor of high CaCO3 con tent and higher pH. The ini tial
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Fig. 3. Sim pli fied macrofossil his to gram from Brus

c – cap sules, en – endocarps, ep. – ephippium of Daph nia, f – fruit, fsc – fruit scale, f&p – fruit and perianth, mgs – megaspores,  
o – oospore, s – seeds, sc – sclerotia, ws – wing of seed, spor. – sporangium, stat. – statoblasts of Bryozoa,

s&l – stem and leaves of Sphag num,  t – tegmen
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T a  b l e  1

De scrip tion of lo cal macrofossil as sem blage zones from the Brus pro file (L MAZ)

L MAZ Depth [m] Name of L MAZ De scrip tion of lo cal macrofossil as sem blage zones

BR 1 25.30 Spo radic plant
 fos sils

The zone is rep re sented by 1 sam ple. Spo radic fos sil macroremains. Only a frag ment of
Nuphar sp. seed, two-sided fruit of Carex, stalk of Sphag num sp., and sclerotium of
Cenococcum geophilum are de ter mined.

Up per bound ary of the zone is marked by the on set of nu mer ous oc cur rence of Chara,
Betula s. Albae, and Betula nana.

BR 2 24.50–24.0
Chara-(Betula
nana-Betula. s.

Albae)

The zone is rep re sented by 6 sam ples. Fruits of Betula s. Albae and B. nana are nu mer ous.
Betula humilis and Pinaceae (wings of seeds) are pres ent. Among hu mid hab i tat plants,
fruits of Urtica dioica are found. Swamp plants are rep re sented by seeds of Phragmites aus -
tra lis. Aquatic plants com prise nu mer ous oo spores of Chara. Nu mer ous are statoblasts of
Cristatella mucedo bryo zoan spe cies. Less fre quent are stalks of Sphag num sp., and
sclerotium of Cenococcum geophilum.

Up per bound ary of the zone is de ter mined by the dis ap pear ance of Chara oo spores and ap -
pear ance of Typha sp. tegmens.

BR 3 23.70–21.90
Typha-Phragmites
aus tra lis-(Betula s.

Albae)

The zone is rep re sented by 13 sam ples. Among trees and shrubs, the most nu mer ous are
fruits of Betula s. Albae (max i mum of oc cur rence), less fre quent are B. nana, B. humilis, and
Pinaceae. Re mains of plants typ i cal of wet and hu mid hab i tats are rep re sented by Urtica
dioica. Among swamp plants, Typha sp. and Phragmites aus tra lis are very nu mer ous and
ac com pa nied by a sin gle seed of Carex pseudocyperus. Aquatic plants are rep re sented by
fruit of Batrachium sp., oo spores of Chara, and stalks of Sphag num sp. Nu mer ous are also
sclerotia of Cenococcum geophilum and statoblasts of Cristatella mucedo.

Up per bound ary of the zone is marked by the dis ap pear ance of Phragmites aus tra lis seeds
and much less fre quent tegmens of Typha sp.

BR 4 21.80–19.0 (Betula s. 
Albae-Pinaceae)

The zone is rep re sented by 24 sam ples. Quite nu mer ous are re mains of Betula s. Albae and
Pinaceae trees. Betula nana and Alnus glutinosa oc cur spo rad i cally. Among swamp plants,
re mains of Typha sp., fruit of Eleocharis palustris, and fruit of Carex bohemica are only pres -
ent. Rare aquatic plant re mains are rep re sented by seeds of Caulinia mi nor, endocarp of
Potamogeton vaginatus, oospore of Chara, and stalk of Sphag num sp. There are still many
sclerotia of Cenococcum geophilum. Statoblasts of Cristatella mucedo ini tially dis ap pear
and then oc cur in higher fre quency.

Up per bound ary of the zone is marked by less fre quent Betula s. Albae fruits and more sys -
tem atic ap pear ance of Alnus glutinosa.

BR 5 18.90–15.60 (Pinaceae-Alnus
glutinosa)

The zone is rep re sented by 17 sam ples. Among tree re mains, the most nu mer ous are
Pinaceae and Alnus glutinosa. Much scarce are re mains of Betula s. Albae. Cap sules of
Populus tremula ap pears. There is high vari abil ity among the re mains of plants grow ing at
the res er voir’s edge, in clud ing: Urtica dioica, fruit of Rumex acetosella, R. hydrolapatum,
Ranunculus sceleratus, and seeds of Potentilla alba, Vi ola palustris and Hypericum
perforatum. How ever, swamp plant re mains are poorly rep re sented, in clud ing sin gle
macrofossils of Typha sp., Carex rostrata, C. gracilis and Scheuchzeria palustris. Among
aquatic plants, Sphag num sp. branches are com mon. Nuphar sp., Najas mi nor and N.
flexilis are also found. Statoblasts of Cristatella mucedo oc cur less fre quently.

Up per bound ary of the zone is drawn be low the abun dant ap pear ance of Najas ma rina
seeds.

BR 6 15.40–14.10

Najas ma rina-Najas
mi nor-Ranunculus

sceleratus-
(Pinaceae-Alnus

glutinosa)

The zone is rep re sented by 11 sam ples. There are still nu mer ous seeds of Alnus glutinosa
and Pinaceae. Among wet plants, fruits of Urtica dioica and slightly more nu mer ous
Ranunculus sceleratus are pre served. Swamp plant re mains are still spo radic and rep re -
sented only by Typha sp., Carex rostrata and two-sided Carex. Among aquatic plants, quite
nu mer ous are seeds of Najas ma rina, N. mi nor, and oo spores of Chara and Sphag num sp.
Sin gle statoblasts of Cristatella mucedo ap pear.

Up per bound ary of the zone is marked by con stant oc cur rence of Nuphar sp. and Nuphar lutea.

BR 7 13.70–12.30

Carex rostrata-Typha
-Schoenoplectus
lacustris-Cyperus

fuscus-Nuphar-Najas
ma rina-(Alnus

glutinosa-Urtica
dioica)

The zone is rep re sented by 7 sam ples. Of tree re mains, Alnus glutinosa and Pinaceae ap -
pear most of ten. Re mains of Betula s. Albae is def i nitely less fre quent. Cap sules of Salix sp.
is pres ent. Wet and hu mid hab i tat plants are nu mer ous and rep re sented by Urtica dioica,
quite of ten Ranunculus sceleratus, R. gailensis and fruits of Eupatorium cannabinum.
Sporangia of Thelypteris palustris and seeds of Stellaria nemorum are found. Swamp plant
re mains are very abun dant and represented by Carex rostrata, Typha sp., Schoenoplectus
lacustris and Cyperus fuscus. Less fre quent are Cladium mariscus, Carex pseudocyperus,
C. aquatilis and seeds of Comarum palustre. Among aquatic plants, nu mer ous are re mains
of Nuphar sp., N. luteum and Najas ma rina. In the up per part of the zone seeds of Lemna
trisulca of ten oc cur. Above, Nymphaea alba, Najas mi nor, Az ol la filikuloides and Chara ap -
pear.

Up per bound ary of the zone is de ter mined by a much smaller amount of most taxa.

BR 8 12.10–11.50
Typha-Schoeno -
plectus lacustris-
(Alnus glutinosa)

The zone is rep re sented by 4 sam ples. Among trees, Alnus glutinosa is still quite nu mer ous.
Taxus baccata and Tilia cordata ap pear. Urtica dioica and Ranunculus gailensis are spo -
radic, slightly more fre quent are sporangia of Thelypteris palustris. Swamp plant re mains
are still rep re sented by nu mer ous Typha sp. and Schoenoplectus lacustris. Less fre quent
are Carex rostrata, C. pseudocyperus, C. aquatilis, Cladium mariscus, and Eleocharis
palustris. Aquatic plant re mains are scarce and rep re sented only by Lemna trisulca.

Up per bound ary of the zone is marked by the dis ap pear ance of many taxa.

BR 9 11.10–10.30 (Alnus glutinosa -
Urtica dioica)

The zone is rep re sented by 3 sam ples. Among tree re mains, only fruits of Alnus glutinosa
oc cur sys tem at i cally. Re mains of Pinaceae, Rubus ideaus and Sambucus nigra are pres -
ent. Ter res trial plants are rep re sented only by still nu mer ous Urtica dioica and Potentilla
alba, and fruits of Mantha aquatica. A only few re mains of swamp plants (Typha sp., Carex
rostrata) are pres ent. Aquatic plants are ab sent.

Up per bound ary of the zone is marked by the fre quent oc cur rence of Typha sp.



bogs de vel oped (Sphag num leaves). Nu mer ous were sclerotia
of Cenococcum geophilum – an ectomycorrhizal fun gus, which
is com mon also now a days and proves in tense solifluction pro -
cesses (Krauss et al., 1965; Fernandez et al., 2013).

In the older part of the zone, di a toms ap pear. At the be gin -
ning of the Mazovian/Holsteinian Inter gla cial, the wa ter level
was still low, which fa cil i tated the heat ing of wa ter and the de -
vel op ment of nu mer ous di a tom spe cies (their num ber in -
creased from 72 to 187; Khursevich et al., 2003). Epiphytic
cold-wa ter spe cies ini tially dom i nated, like Fragilaria lapponica.
Then, many eco log i cal groups of di a toms de vel oped, but
mostly pre fer ring cold wa ters. Among them, the most nu mer ous 
were plank tonic spe cies, e.g. Cyclotella krammeri and C.
schumannii that point to a wa ter-level rise (Ta ble 2). This is con -
firmed by nu mer ous oo spores of Chara in this part of the pro file, 
which in turn in di cate the oligo- to mesotrophy of wa ter con di -
tions (Fig. 3; BR MAZ 2).

Br-3 Betula–Pinus–Larix L PAZ. The in creas ing pro por -
tion of pine in for ests at that time is re flected by high val ues of
Pinus sylvestris t. pol len. These birch-pine for ests were of bo -
real type. Larch was a rel a tively com mon com po nent of the for -
ests. Grass com mu ni ties with abun dant ju ni per shrubs and
patches of tun dra com mu ni ties with Betula nana and wil low
shrubs still per sisted in the land scape. The pro por tion of spruce 
in the for ests in creased. Al der woods de vel oped on wet ter
places prob a bly with ash ad mix ture. Ash and elm were also
pres ent in wet de cid u ous for ests. The her ba ceous veg e ta tion of 
these com mu ni ties is re flected by the pol len of, among oth ers,
Urtica and Filipendula, and the creeper Humulus lupulus.

The youn ger part of Br-2 L PAZ and the older part of
Br-3 L PAZ cor re spond with BR MAZ 3 Typha–Phragmites aus -
tra lis–(Betula s. Albae). The catch ment of the lake was still cov -
ered with tree-birches and pine for est. Typha oc curred in the
reed belt, which in di cates an av er age July tem per a ture not
lower than 13°C in the case of T. latifolia (Isarin and Bohncke,
1999) and 14°C in the case of T. angustifolia (Iversen, 1954;
Kolstrup, 1979, 1980). It prob a bly formed a belt of rushes with
Phragmites aus tra lis. At the same time, Betula nana and B.
humilis per sisted on the peat bogs sur round ing the lake, which,
in com bi na tion with the oc cur rence of Sphag num leaves, in di -
cates the for ma tion of bogs. Cristatella mucedo still oc curred in
sig nif i cant quan ti ties, which, in the ab sence of other in di ca tors,
sug gests rel a tively con stant pa ram e ters in the lake (tem per a -
ture, con tent of CaCO3, and pH). The end of this zone and the
older part of the BR MAZ 4 was prob a bly marked by a wa -
ter-level rise in the res er voir.

In the youn ger part of the protacratic pe riod the res er voir
con tin ued to shal low, and a wide belt of rushes with Phragmites
aus tra lis and Typha latifolia (Fig. 3; BR MAZ 3) al lowed for in -
ten si fied de vel op ment of epiphytic di a tom spe cies, like Fragil -
aria construens and F. brevistriata. How ever, plank tonic spe -
cies, like C. schumannii, also con tin ued to oc cur nu mer ously in
the lake. In con nec tion with the shallowing, the trophic lev els
may have grown. Then, a sud den de crease in the amount of di -
a toms in the youn ger part of the BR 3 di a tom zone (Ta ble 2) in -
di cates un fa vour able con di tions for their de vel op ment in the
lake – a de crease in wa ter level (Khursevich et al., 2003).

Br-4 Pinus–Alnus–Picea–/Fraxinus/ L PAZ. In creas ing
val ues of Picea pol len in di cate that the im por tance of this tree in 
the for ests be came greater. Quercus may have en tered not
only riverine com mu ni ties of ash and elm, but also ap peared on
more fer tile hab i tats in the pine for ests. Corylus prob a bly oc -
curred in the mar gins of these for ests. In the ex pand ing al der
for ests, ash and spruce may have oc curred as an ad mix ture.
Ash-elm riverine for ests spread in new ar eas, as is ev i denced
by the ris ing pol len val ues of Fraxinus (max. 2.2%), and by the
con tin u ous curve of Ulmus. Celtis ap peared as well. Tak ing into 
ac count that both Ulmus and Fraxinus are the low pol len pro -
duc tiv ity trees (Pidek, 2013), such a pro por tion of their pol len
points to a great role of ash-elm riverine com mu ni ties.

Rel a tively high pol len fre quen cies of Salix and Juniperus,
and the spo radic oc cur rence of Betula nana t. pol len grains in di -
cate that di verse open com mu ni ties still ex isted. How ever, their
role in the land scape was less im por tant.

The youn ger part of Br-3 L PAZ and Br-4 L PAZ cor re sponds
to BR MAZ 4 (Betula s. Albae–Pinaceae). Among the com mu ni -
ties grow ing on the lake shores, birch and pine for ests dom i nated 
the catch ment. In the older part of the zone the wa ter level was
dras ti cally re duced, as in di cated by the dis ap pear ance of rushes
and Sphag num, and by a marked re duc tion in the oc cur rence of
Cristacella mucedo, which fur ther sug gests changes of wa ter
con di tions and an av er age July tem per a ture >10°C (Birks, 2000;
Eide et al., 2006). In the youn ger part of the zone, the con di tions
prob a bly sta bi lized due to a wa ter-level in crease. The amounts of 
C. mucedo statoblasts in creased and Chara ap peared again.
The trun cheons (Typha latifolia) and reed rushes dis ap peared,
which con firms a higher wa ter level. The palaeobasin was very
shal low. The lit to ral silty zone al lowed for the de vel op ment of
swampy veg e ta tion with Eleo charis palustris and Carex bohe -
mica (Stachowicz-Rybka, 2011).

The fi nal phase of the protocratic pe riod, cor re lated with BR
4 L PAZ, was char ac ter ized by the nu mer ous and vari able oc cur -
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Tab. 1 cont.

L MAZ Depth [m] Name of L MAZ De scrip tion of lo cal macrofossil as sem blage zones

BR 10 9.90–9.40
Typha–(Betula nana

–B. humilis–B. s.
Albae)

The zone is rep re sented by 3 sam ples. Quite nu mer ous re mains of Betula s. Albae, B. nana
and B. humilis ap pear again. In ad di tion, Alnus glutinosa and Populus tremula are pres ent.
Wet hab i tat plants are still rep re sented by Urtica dioica, Ranunculus sceleratus and R.
gailensis. In swamp hab i tats, nu mer ous are Typha sp. and Carex rostrata; Cladium
mariscus also ap pears. Aquatic palnts are rep re sented only by sin gle re mains of Nuphar
sp., N. luteum, Batrachium sp., Potamogeton dorofeevi, P. filiformis and Myriophyllum
verticillatum. Fairly nu mer ous sclerotia of Cenococcum geophilum also ap pear.

Up per bound ary of the zone is de ter mined by the pres ence of nu mer ous Chara and
Callitriche autumnalis.

BR 11 8.80–3.50 Callitriche
autumnalis–Chara

The zone is rep re sented by 21 sam ples. Macroremains of Betula nana, B. humilis and
Pinaceae undiff. are sparse. Ter res trial plants are rep re sented by sin gle re mains of Urtica
dioica, Rumex acetosella, Ranunculus sceleratus and Mentha aquatica. Megaspores of
Selaginella helvetica are pres ent. Among swamp plants, Carex rostrata is more fre quent.
Typha sp., Eleocharis palustris, Carex gracilis, Comarum palustre and Cyperus glomeratus
oc ca sion ally ap pear. Aquatic plants are rep re sented by very nu mer ous seeds of Callitriche
autumnalis, oo spores of Chara, and rel a tively fre quent fruits of Batrachium sp. Stalks of
Sphag num sp. are also fre quent. Nu mer ous are sclerotia of Cenococcum geophilum. Sin gle 
statoblasts of Cristatella mucedo ap pear.



rence of di a toms (mainly from the gen era Cyclotella, Fragil aria
and Am phora) and Pediastrum that in di cate meso- to eutro phic
con di tions, but also un sta ble wa ter con di tions (Khursevich et al.,
2003; Ta ble 2). On the other hand, the de vel op ment of Alnus
upon wet hab i tats at that time might have changed the ground -
wa ter level and trophic con di tions, which sup ports the no tion for
instable wa ter con di tions as in ferred by the di a toms. The max i -
mum num ber of di a toms (at depths of 20.5 m and 19.5–19.9 m)
seems to cor re spond with two dis tinct max ima of al der in the pol -
len di a gram (Khursevich et al., 2003; Fig. 2).

MESOCRATIC PHASE

Br-5 Alnus–Picea–Pinus L PAZ. The mesocratic phase
of the inter gla cial is marked by a dis tinct trans for ma tion of for -
est com mu ni ties re flected in the Br-5 and Br-6 L PAZs. Bo real
pine-birch for ests trans formed into mixed for ests, in which
birch al most dis ap peared, the pro por tion of pine de creased,
and spruce be came dom i nant. Quercus prob a bly oc curred as
an ad mix ture in these com mu ni ties. Al der for ests, ash-elm
and al der-ash riverine for ests oc cu pied more and more ex ten -
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T a  b l e  2

Sum mary of L PAZ (Pidek, 2003), L DAZ (Khursevich et al., 2003) and L MAZ show ing wa ter level, 
tro phy and pH changes at the Brus site
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sive ar eas through out this zone. The com po si tion of the
riverine com mu ni ties be came even richer in the youn ger part
of the zone, with lime play ing an im por tant role. 

Br-6 Taxus–Alnus–Picea L PAZ. Rapid rise of Taxus pol -
len val ues pro vides ev i dence of the dom i nant role of yew in for -
est com mu ni ties. From wet al der for ests, yew could have ex -
panded to other for est com mu ni ties. Dry-ground com mu ni ties
with Carpinus, Quercus and Corylus started to de velop. The
tree layer was prob a bly com posed of horn beam and oak with
an ad mix ture of lime, spruce and sin gle fir trees. Ha zel spread
in mar gins and clear ings of fer tile dry-ground for ests. 

The Br-5 and Br-6 L PAZs cor re spond to BR MAZ 5
(Pinaceae–Alnus glutinosa). In the older part of the zone, the
res er voir was char ac ter ized mostly by meso- to eutrophic con -
di tions, as in ferred by the pres ence of Najas flexilis that op ti -
mally oc curs in mesotrophic wa ters. Nu mer ous statoblasts of
Cristatella mucedo in di cate a con stant CaCO3 con tent and pH
>5.4 (�kland and �kland, 2000). In the youn ger part of the
zone, the trophic state in creased, as ev i denced by the ap pear -
ance of Najas ma rina and Nuphar, and thermophilic Najas mi -
nor that op ti mally oc curs in strongly eutrophic wa ters (Thiébaut, 
2008; Stachowicz-Rybka, 2011). How ever, the res er voir should 
be clas si fied as meso/eutrophic. Si mul ta neously, the de crease
in wa ter pH should elim i nate C. mucedo. The rea son for the de -
crease in pH was a mo saic of bogs, in clud ing the ones with
Scheuchzeria palustris. The de crease in pH can also be
caused by the neigh bour hood of al der bog with Alnus glutinosa, 
Urtica dioica and Vi ola palustris and patches of tran si tional
mires. In a shal low lit to ral zone, rushes with Typha sp. and
sedge com mu ni ties with Carex rostrata and C. gracilis ap -
peared. Rumex acetosella and Potentilla alba in di cate the vi cin -
ity of dry, open com mu ni ties (Stachowicz-Rybka, 2011).

At the be gin ning of the mesocratic pe riod the wa ter of the
lake was warm and eutrophic, which is con firmed by di a tom
spe cies, like Aulacoseira granulata, A. ambigua and Stephano -
discus niagarae var. insuetus (Khursevich et al., 2003). How -
ever, di ver sity of di a tom spe cies was greater. Plank tonic spe -
cies, like Cyclotella krammeri, C. cyclopuncta and ex tinct C.
comta var. lichvinensis (the in di ca tor of the Mazovian/Hol -
steinian Inter gla cial; Khursevich et al., 2003) were nu mer ous
and con firm the rise in wa ter level (Ta ble 2). Eutrophisation and
high wa ter tem per a ture is also sug gested by the abun dant
pres ence of Chlorophyta, such as Pediastrum boryanum var.
boryanum, P. boryanum var. cornutum, P. boryanum var.
pseudoglabrum and P. du plex var. rugulosum (Pidek, 2003). 

OLDER HOLSTEINIAN OSCILLATION (OHO)
WITHIN THE MSOCRATIC PHASE

Br-7 Pinus–Carpinus–Abies–/Picea/ L PAZ. A sud den
de crease in Taxus pol len val ues fol lowed by a con sid er able rise 
in Pinus sylvestris t. val ues (up to 42%), and a fall in the per -
cent ages of Picea, Alnus, Fraxinus and Ulmus in di cate a con -
sid er able re duc tion of yew stands and ar eas cov ered by wet for -
ests. This was prob a bly caused by a cli mate change to wards
much more con ti nen tal and per haps also colder con di tions dur -
ing the OHO. The on set of this os cil la tion is marked by a re duc -
tion in tem per ate trees and ex pan sion of pine. Ac cord ing to the
varve chro nol ogy of the Dethlingen core (Koutsodendris et al.,
2011, 2012) this pe riod lasted ~90 years. 

Sub se quently, pol len val ues of Quercus in creased si mul ta -
neously with the Carpinus and Corylus val ues, pro vid ing ev i -
dence of the de vel op ment of mixed pine-oak for ests and the ex -
pan sion of fer tile dry-ground horn beam-oak for ests with ha zel.
These com mu ni ties may be cor re lated with the re cov ery phase

in the sec ond part of the OHO, which lasted ~130 years in
Dethlingen (Koutsodendris et al., 2011, 2012). Lime, spruce and
fir might have oc curred as an ad mix ture in these com mu ni ties. 

A dy namic ex pan sion of Abies started in the youn ger part of
the Br-7 L PAZ, in which its pol len val ues reached 19–20%. At
that time, Abies could have formed fir for ests prob a bly with a
spruce ad mix ture. The very rapid in crease in Abies per cent -
ages may be the re sult of in creased hu mid ity of air and soil
(Tinner and Lotter, 2006; Pidek et al., 2013).

The cold Older Holsteinian Os cil la tion in the Brus palaeo -
lake was marked by the de vel op ment of aquatic flora and rush
veg e ta tion and abun dant growth of hy dro phytes with float ing
leaves, like the wa ter fern Sal vin ia natans, which cov ered the
lake sur face (Pidek, 2003). This en hanced eutrophication,
which is also con firmed by the dom i nance of Najas mi nor and
Najas ma rina, and the dis ap pear ance of mesotrophic Najas
flexilis (Fig. 3; BR MAZ 6). The in creased num ber of epiphytic
di a toms (var i ous taxa of Fragilaria, Cymbella ehrenbergii and
Martyana martyi) at the ex pense of the plank tonic ones, in di -
cate a low er ing of the wa ter level (Khursevich et al., 2003; Ta ble 
2). Abun dant oc cur rence of Pediastrum sim plex var. sim plex
also con firms the eutrophic con di tions in the lake. The youn ger
part of the zone is marked by the first oc cur rence of nympheids
(Pidek, 2003), con firm ing the low wa ter level and tak ing away
light for di a toms, the amount of which de creased con sid er ably
in the fol low ing zone. 

Br-8 Abies–Carpinus–Alnus L PAZ. The role of fir was im -
por tant in the mixed for ests at the be gin ning of the zone, but
later Carpinus took over. Dry-ground oak-horn beam for ests
with lime spread over vast ar eas, while the spa tial ex tent of fir
for ests was re duced. New rise in the val ues of Alnus, and the
slight in crease in Taxus per cent ages prob a bly pro vide ev i -
dence of re peated ex pan sion of al der and yew. 

The pol len data are in agree ment with the macrofossil re -
cord of BR MAZ 6 Najas ma rina–N. mi nor–Ranunculus scele -
ratus–(Pinaceae–A. glutinosa). The eutrophic state of the lake
is in di cated by the dom i nance of Najas mi nor and Najas ma rina
(Thiébaut, 2008) and the dis ap pear ance of mesotrophic Najas
flexilis. Najas ma rina re quires an av er age wa ter tem per a ture in
July higher than 15°C (Lotter, 1988). The belt of rushes re -
mained in the ves ti gial form with C. rostrata. It is also pos si ble
that peat bogs may have dis ap peared (dis ap pear ance of re -
mains). The re mains of Alnus glutinosa, Urtica dioica and
Ranunculus sceleratus in di cate a wa ter-level rise and the pres -
ence of un cov ered, pe ri od i cally flooded shores, typ i cal for al der
carrs.

Br-9 Abies–Corylus–Quercus–/Carpinus/ L PAZ. Fir for -
ests oc cu pied again more ex ten sive ar eas (Abies pol len up to
30%). These were prob a bly fir for ests with spruce and only a
small ad mix ture of other trees. The val ues of Carpinus de -
creased con sid er ably, af ter which Abies com mu ni ties spread
again over dif fer ent hab i tats. This spread cov ers the cli mate op -
ti mum as so ci ated with the high est tem per a tures and mar i time
cli mate. Pol len val ues of Corylus and Quercus reached their
ab so lute max ima in di cat ing the spread ing of dry-ground for -
ests, in which oak was pre dom i nant, and horn beam with lime
ac counted for a small ad mix ture. A re peated spread of ash-elm
riverine for ests is man i fested by the ris ing pol len val ues of
Fraxinus, Ulmus and Taxus.

The cli mate op ti mum was also marked by a slight in crease
in wa ter level, as in ferred by the in crease of plank tonic di a toms,
like Aulacoseira ambigua and A. granulata. Both these taxa, as
well as sev eral benthonic (e.g., Navicula oblonga, Am phora
libyca and Anomoeoneis sphaerophora) and epiphytic di a toms, 
like Cymbella ehrenbergii and Epithemia ze bra, in di cate warm
wa ters (Ta ble 2; Khursevich et al., 2003).
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BR MAZ 7 Carex rostrata–Typha–Schoenoplectus lacu -
stris–Cype rus fuscus–Nuphar–Najas ma rina–(A. glutino sa–Urti -
ca dioica) – older part. The de vel op ment of al der carr is ev i -
denced by fre quent ap pear ances of fruits of Alnus glutinosa,
Salix and Urtica dioica, and sporangia of Thelypteris palustris. It
was prob a bly a com mu nity sim i lar to the mod ern Carici elon -
gatae–Alnetum s.l. (Matuszkiewicz, 2001). Pe ri odic low er ing of
the wa ter lev els un cov ered the edges of the lake, where Ranun -
culus sceleratus and ex tinct R. gailensis were grow ing; these
taxa are char ac ter is tic of swampy and pe ri od i cally flooded
shores of highly eutrophic res er voirs (Stachowicz-Rybka, 2011).
The ex pan sion of C. rostrata and Schoenoplectus lacustris, with
a fre quent oc cur rence of Typha, sug gests a strong de crease in
wa ter level, which is also con firmed by a sig nif i cant rep re sen ta -
tion of Nympheids. They were ac com pa nied by tol er ant shal low
wa ter taxa, such as Lemna trisulca, Az ol la filiculoides and Sal vin -
ia natans, char ac ter is tic for shal low and warm res er voirs of the
Mid dle Pleis to cene (Mamakowa and Velichkevich, 1993;
Stacho wicz -Rybka, 2011). The res er voir was eutrophic/meso -
trophic, as in di cated by the strong rep re sen ta tion of Najas ma -
rina seeds (Thiébaut, 2008). In the fi nal stage of this zone, the pH 
was prob a bly lower (dystrophisation), as sug gested by the ap -
pear ance of, i.a., Comarum palustre. The com plete dis ap pear -
ance of Cristatella mucedo might sug gest a de crease in pH at
that time, too. Al ter na tively, the de crease of the lat ter spe cies
can be at trib uted to the spread ing of Nympheids, which re duced
the amount of light in the wa ter col umn.

Br-10 Abies–Alnus–Carpinus–/Filicales/ L PAZ. The
max i mum of Abies pol len val ues (43%) in di cates the spread ing
of fir on di verse hab i tats, and the very high per cent ages of
Alnus (up to 44%) dem on strate that fir and al der com mu ni ties
pre dom i nated in this zone. These sug gest a higher ground wa -
ter level. 

The deg ra da tion of both riverine and dry-ground for ests,
and prob a bly al der carr for ests, is ob serv able in the mid dle of
the zone. It is ev i denced by the con tin u ous fall in the pol len val -
ues of Corylus, the tem po ral de crease in Carpinus, Quercus,
Alnus and Ulmus per cent ages, the si mul ta neous in crease in
Pinus sylvestris t. and Taxus fre quen cies, and the con tin u ous
rise in Abies val ues. This zone may re flect changes in flu enced
by the Youn ger Holsteinian Os cil la tion (Koutsodendris et al.,
2013; Fig. 4).

The very high per cent ages of Filicales monolete spores
through out Br-10 L PAZ, par tic u larly in its mid dle part (YHO),
could be due to the al der com mu nity oc cur ring near the lake.
How ever, it is also very prob a ble that a high pro por tion of ferns
oc curred in the fir for est. The rise in the pol len val ues of Pinus
sylvestris t. and Picea in the youn gest part of the zone re sulted
prob a bly from the in creased pro por tions of pine and spruce in
fir for est com mu ni ties due to soil im pov er ish ment and acid i fi ca -
tion, which could have elim i nated some Abies at that time.

Multi-spe cies dry-ground for ests with pre dom i nant Quercus 
still sur vived, and the role of Carpinus slightly in creased. Pol len
of Pterocarya, which typ i cally oc curs in the last part of the
Holsteinian cli mate op ti mum, can be re lated to the sur vived
patches of elm-ash riverine for ests. Pol len of Pterocarya was
found also in the Dethlingen pro file in Ger many (Koutsodendris
et al., 2010) and in many sites of the Mazovian Inter gla cial de -
pos its in Po land, e.g. in Olszewice (Sobolewska, 1956), Go -
œciê cin (Œrodoñ, 1957), W³odawa (Stachurska, 1957), Ossów -
ka and Grabanów (Krupiñski, 1995). 

Rapid rise in the pol len val ues of Cyperaceae from the be -
gin ning of the zone can be re lated to her ba ceous veg e ta tion of
al der carrs and mires over grow ing the lake. The Br-10 L PAZ
cor re sponds to three macrofossil zones (BR MAZ 7 – youn ger
part, BR 8 and BR 9).

BR MAZ 7 Carex rostrata–Typha–Schoenoplectus lacu -
stris–Cyperus fuscus–Nuphar–Najas ma rina–(A. gluti no sa–Ur ti -
ca dioica) – youn ger part. A de crease in pH is con firmed by the
ap pear ance of Cladium mariscus in the youn ger part of the zone. 
This spe cies oc curs to day most fre quently in mesotrophic and
shal low res er voirs and less fre quently in oligo- and dystro phic
ones (Piêkoœ-Mirkowa and Mirek, 2006). In the fi nal phase of the
zone, Lemna trisulca ap peared fre quently, which tol er ates shal -
low-wa ter and mesotrophic con di tions (Thiébaut, 2008). There
was also Az ol la filiculoides, which is char ac ter is tic for shal low
and warm res er voirs of the Mid dle Pleis to cene (Mamakowa and
Velichkevich, 1993; Stachowicz -Rybka, 2011). The fre quent oc -
cur rence of Cyperus fuscus may in di cate the ex is tence of pe ri od -
i cally dry ing places. 

Sev eral di a tom gen era (e.g., Fragilaria, Anomoeoneis,
Navicula, Neidum, Am phora, Rhopalodia and Nitzschia) pro -
vide ev i dence for over grow ing and shallowing of the lake
(Khursevich et al., 2003). The in creas ing num ber of epiphytic
di a toms in di cates growth of the macrophyte zone and con firms
the shallowing of the lake. In the fi nal stage of the zone, a drop
in pH (dystrophisation) could have hap pened as sug gested by
the ap pear ance of, i.a., Comarum palustre, dis ap pear ance of
Cristatella mucedo (Fig. 3; BR MAZ 7), and the de crease in
both di a toms and Pediastrum.

The fol low ing macrofossil zone BR MAZ 8 Typha sp.–S.
lacustris–(A. glutinosa) cor re lates with the mid dle part of the
Br-10 L PAZ and re flects the ex is tence of a meso tro -
phic/eutrophic lake sur rounded by an al der carr (fruits of Alnus
glutinosa, nitrophilous Urtica dioica and Thelypteris palustris)
with very shal low and eutrophic wa ters (Thiébaut, 2008). This is 
con firmed by the pres ence of Lemna trisulca and the dom i -
nance of rushes with Typha, Carex rostrata and Schoenople -
ctus lacustris. The dis ap pear ance of the ma jor ity of rush and
aquatic plants may in di cate a cli ma tic changes re lated to the
YHO. The dis ap pear ance of di a toms and green al gae at that
time was ev i dently as so ci ated with the fi nal stage of shallowing
of the lake.

BR MAZ 9 (A. glutinosa–U. dioica). Sub se quently, as the
wa ter level con tin ued to de crease, wetlands may have been the 
only hab i tats that re mained. The al der carr hosted nitrophilous
spe cies, e.g. Sambucus and Rubus. The end of the inter gla -
cial’s mesocratic phase was char ac ter ized by the al most com -
plete dis ap pear ance of aquatic and swamp plants (Fig. 3;
BR MAZ 9).

TELOCRATIC PHASE

Br-11 Pinus–Larix L PAZ. Strong trans for ma tion of the for -
ests oc curred in the last part of the inter gla cial. Pine com mu ni -
ties with larch and birch spread and prob a bly en croached on the 
hab i tats of all other for est com mu ni ties. Al der carrs, fir com mu -
ni ties, and patches of multi-spe cies mixed for ests still re sisted
the ex pan sion of pine. In the youn ger part of the zone, pine for -
ests with birch and larch oc cu pied al most all hab i tats. These
changes pro vide ev i dence for a con sid er ably cooler and more
con ti nen tal cli mate.

The con sid er able in crease in the NAP val ues (up to 31%) in
the youn ger part of the zone in di cates that the role of open com -
mu ni ties be came im por tant. The rise in the spore per cent ages
of Sphag num in di cates that peat bogs spread, too. 

The Br-11 L PAZ cor re sponds to BR MAZ 10 Ty -
pha sp.–(Be tu la nana–B. humilis–B. s. Albae), which re flects a
slight wa ter-level rise, al though the res er voir re mained shal low.
Nympheids, Batrachium and sig nif i cant amounts of P. borya -
num var. boryanum ap peared again (Khursevich et al., 2003).
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Fig. 4. Com bined per cent ages of se lected groups of taxa: “Pi o neer trees”, in clud ing Pinus and Betula; “Tem per ate taxa”, in clud -
ing: Abies, Acer, Carpinus, Corylus, Fraxinus, Picea, Quercus, Taxus, Tilia and Ulmus; “Thermophilic taxa”, in clud ing: Buxus,
Celtis, Frangula, Hedera, Ilex, Ligustrum, Pterocarya, Viburnym, Viscum and Vitis; AP – Ar bo real Pol len, NAP – Non-Ar bo real
Pol len



The belt of rushes was formed mainly by Typha and C. rostrata, 
but none was as im por tant as in the pre vi ous zones. Al der carr
still over grew the edges of the res er voir, how ever, Betula com -
mu ni ties also played an im por tant role in this hab i tat. The oc -
cur rence of patches of peat bogs is con firmed by fruits and fruit
scales of Betula nana and B. humilis. The lake was mesotrophic 
at that time as in di cated by the pres ence of Myriophyllum
verticillatum (Thiébaut, 2008), Cladium mariscus, and Pota -
mogeton filiformis. The wa ter was cool and highly trans par ent,
rich in CaCO3, with pH >7 (pres ence of P. filiformis, Lang,
1994). Rel a tively nu mer ous scleroids of Cenococcum geo -
phillum in di cate the on set of cli mate de te ri o ra tion (Fer nandez et 
al., 2013). 

EARLY LIWIECIAN (=SAALIAN) GLACIATION

Br-12 NAP–Betula nana–Salix–/Juniperus/ L PAZ. A de -
crease in the fre quen cies of all trees and the si mul ta neous rise
in the per cent ages of Ar te mi sia and Poaceae (both to a max i -
mum >20%) as well as Cyperaceae (max. 50%) in di cate that
for ests were re placed by open com mu ni ties. Sin gle pine trees
could have en tered into the com po si tion of birch-larch patches,
but it seems that at least part of Pinus sylvestris t. pol len grains
in open land scape may have been de rived from dis tant ar eas.
In open land scapes, bisaccate pol len grains of pine can be eas -

ily trans ported over tens or more kilo metres (Rous seau et al.,
2008). The oc cur rence of re de pos ited sporomorphs in di cates
lack of for est cover, which en hanced soil ero sion. The
Br-12 L PAZ cor re sponds to BR MAZ 11 Callitriche autu -
mnalis–Chara. In this zone, the wa ter level con tin ued to rise al -
low ing for the de vel op ment of com mu ni ties with Chara and
Cristacella. In con trast, how ever, the pres ence of Callitriche
autumnalis and Batrachium in di cate still rel a tively shal low wa -
ters. The belt of rushes was in re gres sion at that time and cov -
ered mainly by Typha and com mu ni ties with Carex rostrata.
Peat bogs de vel oped again, as in di cated by nu mer ous stems
and leaves of Sphag num. Nu mer ous ephippia of Daph nia in di -
cate de te ri o ra tion of cli ma tic con di tions, which forced rep re sen -
ta tives of Cladocerans to pro duce sur vival forms. The wa ters of
palaeolake cooled down, as ev i denced by a sig nif i cant amount
of Pediastrum kawraiskyi and Botryococcus pila (Pidek, 2003),
which are in di ca tors of cold and oligotrophic lake wa ters
(Jankovská and Komárek, 2000).

DISCUSSION

The Holsteinian Inter gla cial is con sid ered the lon gest and
warm est Pleis to cene ter res trial inter gla cial in cen tral Eu rope
(Müller, 1974; Krupiñski, 2000; Raynaud, 2005; Kühl and Litt,
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T a  b l e  3

Wa ter-level changes cor re la tion based on macrofossil data from the sites of Brus (BR L MAZ, Polesie Re gion – this pa per)
and Nowiny ¯ukowskie (N¯05 L MAZ, Lublin Up land, Hrynowiecka and Szymczyk, 2011; Hrynowiecka and Obidowicz, 2011)
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2007; Head and Gibbard, 2015 and ref er ences therein). It
lasted 15–18 ky in the ter res trial do main (Müller, 1974; Kühl
and Litt, 2007; Koutsodendris et al., 2010) or even 25–30 ky in
the ma rine do main (Head and Gibbard, 2016 and ref er ences
therein). The Holsteinian is char ac ter ized by a unique pat tern of 
veg e ta tion suc ces sion in cen tral Eu rope, start ing from bo real
birch and pine for ests, fol lowed by spruce and al der ex pan sion
with ad mix ture of ash and elm. The pat tern of cli mate ame lio ra -
tion in the Polesie re gion, based on in ves ti ga tions of the Brus
re cord, is sim i lar to the pat tern re con structed for the Holsteinian 
based on Nowiny ¯ukowskie (Hrynowiecka-Czmielewska,
2010; Hrynowiecka and Win ter, 2016) and other pol len data
from Ossówka, Bia³a Podlaska, Woskrzenice (e.g., Krupiñski,
1984–1985, 1995; Krupiñski and Lindner, 1991; Biñka and
Nitychoruk, 1995, 1996) and Wilczyn (Biñka et al., 1997; Szy -
ma nek, 2013). This pat tern agrees also with that ob tained from
Ger man pro files (e.g., Eissmann, 2002; Diehl and Sirocko,
2007; Koutsodendris et al., 2010). The be gin ning of the
Holsteinian Inter gla cial is re corded in the tree suc ces sion of bo -
real el e ments in di cat ing high sea son al ity (Ta ble 2). How ever,
the pres ence of Typha latifolia in the lake sug gests that the July
tem per a ture at the very be gin ning of the inter gla cial was not
lower than 14°C. The pres ence of macrofossils of Typha
latifolia seems to sup port the opin ion of Szafer (1953) that the
re sponse of aquatic plants to the cli ma tic warm ing dur ing the
protocratic pe riod is faster than the re ac tion of ter res trial plants,
and es pe cially trees. Both the Brus and Nowiny ̄ ukowskie fos -
sil lakes started their ex is tence as oligotrophic, shal low post -
glacial lakes (Ta ble 3).

The sub se quent stage of veg e ta tion de vel op ment is mar -
ked by the rapid spread of yew com mu ni ties. It is es pe cially
im por tant for palaeoclimate con sid er ations, as the east ern
bound ary of the mod ern ex tent of Taxus baccata is in line with
the limit of mar i time cli mate in flu ence (West, 1962; Œrodoñ,
1975). The wa ter level in creased con sid er ably in both the fos -
sil lakes (Ta ble 3). The sub se quent dra matic fall in Taxus pol -
len per cent ages in the pol len di a gram (Fig. 2) sug gests par tic -
u larly low win ter tem per a tures (Geyh and Müller, 2005, 2007)
and is fol lowed by the sud den re gres sion of thermophilous
trees ac com pa nied by the de crease in spruce and al der, and
the dis tinct spread of pine. The in crease in Pinus per cent ages
is very dis tinct in the Brus pro file and sug gests that the cli mate
be came more dry and con ti nen tal. This drier and colder cli ma -
tic os cil la tion is re corded in many sites of the Mazovian Inter -
gla cial in Po land, e.g. in Goœciêcin (Œrodoñ, 1957), Krêpiec
(Janczyk -Kopi kowa, 1981), Bia³a Podlaska, Ko ma rno, Ossó -
wka (Kru piñski, 1984–1985, 1995; Krupiñski and Lindner,
1991), Woskrzenice and Kali³ów (Biñka and Nitychoruk, 1995,
1996), and Konieczki (Nita, 1999). It can be also found in other 
sites in Eu rope north of 50° lat i tude. Ac cord ing to Koutsoden -
dris et al. (2012), the rea son for that was the stron ger in flu ence 
of the Si be rian High in East ern Eu rope, which re sulted in the
drop of both tem per a ture (mainly win ter tem per a ture) and
mois ture avail abil ity. This re gres sion phase, named OHO, oc -
curred at ~6000 ±500 years (cal cu la tions based on varved
sed i ments of the Dethlingen pro file) af ter the on set of the
Holsteinian re for es ta tion (Koutsodendris et al., 2012). The
cited au thors con clude that the over all pic ture of the OHO, in -
clud ing the rea sons of its oc cur rence, seem to re sem ble the
8.2 ky cli mate event in the Ho lo cene.

Koutsodendris et al. (2012, 2013) stressed also the chan -
ges in di a tom com mu ni ties in the Dethlingen pro file dur ing the
OHO. The as sem blages were dom i nated by Fragillaria spp.
and other ben thic di a toms. The same fea ture is ob serv able in
the Brus di a tom as sem blages, where dif fer ent epiphytic Fra -

gillaria spe cies dom i nate dur ing the Br-7 LPAZ (Khursevich et
al., 2003), which cor re lates with the OHO. Sub se quently, the di -
a tom as sem blage changed con sid er ably, with sig nif i cant de -
crease in plank tonic spe cies of di a tom taxa.

The Holsteinian Inter gla cial cli mate op ti mum, which de vel -
oped af ter the re gres sion phase of the OHO, is ex pressed by
the en croach ment of fir and horn beam into the for ests ac com -
pa nied by nu mer ous plant in di ca tors of warm and hu mid cli -
mates. The Br-8–Br-10 L PAZ from the Brus di a gram and N¯05 
8 L PAZ from the Nowiny ¯ukowskie di a gram (Hrynowiecka -
-Czmielewska, 2010) ev i dence peak op ti mum cli mate con di -
tions as so ci ated with the spread of multi-spe cies com mu ni ties
of fir, and dry-ground and riverine thermophilous for ests. Var i -
ous for est com mu ni ties and thermophilous shrubs, which oc -
curred in east ern Po land in this inter gla cial in ter val, were char -
ac ter ized by the pres ence of taxa in di cat ing warm (mean July
tem per a ture >20°C; Ta ble 2) and hu mid cli mate, e.g. Buxus,
Ligustrum, Viscum and Vitis.

Cli mate of the last part of the inter gla cial (zones
Br-10 L PAZ and the youn ger part of N¯05 8 L PAZ subzone
8e) is well-char ac ter ized by the pres ence of thermophilous
Ptero carya and Buxus in for est com mu ni ties. In both the Brus
and Nowiny ̄ ukowskie palaeobotanical data, they tes tify to in -
creased cli mate hu mid ity (Zagwijn, 1996; Granoszewski,
2003) and high tem per a tures. The same cli ma tic sig nif i cance
has the wa ter fern Az ol la that was pres ent in the Brus
palaeolake in the youn ger part of the BR MAZ 7, so the lake
must have been warm and eutrophic. The Brus and Nowiny
¯ukowskie pol len di a grams show the oc cur rence of changes
at that time, which may be re lated to the YHO event. They are
marked by strong oce anic cli mate in flu ence (Ta ble 2; cen tral
part of the zones Br-10 L PAZ and N¯05 8c L PAZ). This is re -
flected in Brus es pe cially in the Abies ex pan sion, huge amount 
of ferns, and the in creased pro por tion of Cyperaceae. In West -
ern Eu rope, the cli mate con di tions were dryer than the OHO.
Koutsodendris et al. (2010, 2013) con sider it as the ef fect of
ris ing sum mer tem per a ture and de creas ing amount of pre cip i -
ta tion. Hrynowiecka and Win ter (2016) stress that, in
Dethlingen, the YHO is not re lated to the ex pan sion of Abies
af ter the Carpinus de cline, in con trast to the Brus and Nowiny
¯ukowskie sites. 

The rise in Pinus sylvestris t. and Larix val ues, and the si -
mul ta neous de crease in the fre quen cies of all thermophilous
taxa in the Br-11 L PAZ pro vide ev i dence of cli mate cool ing and
dry ing. How ever, the oc cur rence of Pterocarya in the mid dle
part of the Br-11 L PAZ in di cates that the cli mate was rel a tively
warm at first, and a mixed multi-spe cies for est with pre dom i nant 
fir sur vived the first phase of grad ual cool ing. It can be sup -
posed that the mean tem per a ture of the warm est month was
de creas ing from ~17 to ~10°C at the on set of the next pol len
zone (Br-12 L PAZ and N¯05 12 L PAZ), which marks the be -
gin ning of the Liwiecian/Saalian Gla ci ation.

CONCLUSIONS

Macrofossil data from the lac us trine de pos its of the Brus
pro file (E Po land) re veal a typ i cal palaeolake suc ces sion of the
Mazovian/Holsteinian Inter gla cial, which started de vel op ing as
early as the Late Gla cial of the Sanian 2/Elsterian Glaciation.

The palaeolake in Brus was shal low and oligotrophic dur ing
the early inter gla cial in ter vals and be came a large meso -
-eutrophic wa ter res er voir to wards the cli mate op ti mum. Dur ing
the op ti mum the palaeolake was over grown by reed/swamp
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veg e ta tion, and al der carrs de vel oped on its mar gins. At the be -
gin ning of the Liwiecian/Saalian Gla ci ation, the lake be came
again a shal low mesotrophic reservoir.

The macrofossil suc ces sion is in line with pol len data and
en ables com par i son with the com plete palaeobotanical re cord
(both pol len and macrofossil data) of Nowiny ¯ukowskie, which
is sit u ated ~80 km away in east ern Po land.

The high sed i men ta tion rate in the Brus pro file (21 m of lac -
us trine and peat de pos its) en abled trac ing the OHO and YHO
cli ma tic events that are also re flected in the Nowiny ¯ukowskie
palaeobotanical data. 

The palaeobotanical re cord of the OHO and YHO agrees
with that from Dethlingen (N Ger many; Koutsodendris et al.,
2012, 2013), con firm ing the wide dis tri bu tion of both these cli -
mate os cil la tions in the low lands of cen tral-east ern Eu rope.
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struc tive com ments. The ed i tors of Geo log i cal Quar terly are
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