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A his tory of land scape de vel op ment in the Rus sian part of the Neman Delta area dur ing the Ho lo cene, with an em pha sis on
the for ma tion of for ests and wetlands, is de duced based on pol len anal y sis, ra dio car bon dat ing, a field to pog ra phy sur vey,
and macrofossil anal y sis of peat de pos its in a coastal mire, the Koz’ye Bog. Sev eral 1,000–2,000-year time lags in
vegetational de vel op ment were re vealed here, though they have not been re corded for other land scapes in the Kaliningrad
Re gion and the ad ja cent ar eas in the south east ern Bal tic. The causes are still not com pletely clear, but they pre sum ably re -
lated to some of the re gional pat terns of cli mate de vel op ment and the sub mer gence of the area dur ing the sec ond Littorina
trans gres sion (7,500–7,000 cal. yr BP). It is es tab lished that cryophilic open tun dra-like veg e ta tion ex isted here not only in
Late Gla cial time (Youn ger Dryas) but up to the mid-Bo real (9,700–9,500 cal. yr BP). A tran si tion from the open land scapes
of the Late Gla cial to birch and then pine for ests oc curred here 9,700–8,700 cal. yr BP, whereas the ex pan sion of
thermophilic broadleaf spe cies of the nemoral (tem per ate) as so ci a tion (Quercus, Ulmus, Tilia, Corylus) was re corded only in
the pe riod 6,400–3,500 cal. yr BP. Peak ex pan sion of Alnus oc curred here only in the late Subboreal (3,500–2,700 cal. yr
BP), while in ad ja cent ar eas it reached its max i mum as early as the At lan tic. The gen eral veg e ta tion dy nam ics in this area
dur ing the Late Gla cial and the Ho lo cene could be re ferred to as a tran si tion from the dom i nance of pine for ests to a wide dis -
persal of al der carrs. This en vi ron men tal shift was caused not only by cli ma tic fac tors but prob a bly also due to the trans for -
ma tion of the hilly coastal ter race into a low-ly ing plain land scape af ter flood ing dur ing the trans gres sions of the Bal tic.
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INTRODUCTION

In ves ti ga tion of Ho lo cene palaeoenvironments is rel e vant
to un der stand ing re cent en vi ron men tal change, com monly as -
so ci ated with cli mate change and eco sys tem trans for ma tions,
since the main fea tures of pres ent-day land scapes were formed 
in the Ho lo cene.

The de vel op ment of the pres ent-day land scapes in the
Kaliningrad Re gion took place in sev eral stages that were
closely re lated to deglacial phases dur ing the tran si tion from the 
last Valdai (Weichselian) gla cial to the Ho lo cene. At the same
time, some young land scapes in the re gion are still in a stage of
ac tive for ma tion. In cluded among these is the deltaic low land of
the Neman River (Fig. 1B) which rep re sents a spe cific coastal
land scape area in the south east ern Bal tic Re gion (Timofeev
and Bogolyubova, 1998).

Dur ing the last cou ple of de cades, many pub li ca tions have
de tailed com pre hen sive high-res o lu tion stud ies of Ho lo cene
palaeo ge ogra phy and palaeoclimate in the south east ern sec tor 
of the Bal tic Re gion, mostly in Po land and Lith u a nia in clud ing
their coastal ar eas (e.g., Ralska-Jasiewiczowa et al., 2004;
KabailienÅ, 2006; DamuëytÅ, 2011; Apolinarska et al., 2012;
Ga³ka et al., 2014). Based on a large num ber of dated sam ples
and multi-proxy di a grams, the Ho lo cene de vel op ment of dif fer -
ent coastal ar eas in this re gion was es tab lished in de tail, in clud -
ing as regerds Bal tic sea-level fluc tu a tion and stra tig ra phy is -
sues. There are few sim i lar stud ies for the Kaliningrad Re gion.
Mean while, coastal la goons, lakes and peatlands in the along -
shore zone of the Rus sian sec tor of the south east ern Bal tic are
of great in ter est for palaeogeographic in ves ti ga tion, which
could add to the high-res o lu tion Ho lo cene palaeorecon struc -
tions of the whole Bal tic Re gion.

Our study is anal y ses pat terns of land scape for ma tion in the 
Neman Delta area (Fig. 1) af ter the last gla cial re treat, tak ing
into ac count their prob a ble cor re la tion with Bal tic sea-level os -
cil la tions. We fo cus on the re con struc tion of palaeovegetation
and palaeoecosystem de vel op ment in ferred from palynolo -
gical, macrofossil, ra dio car bon, and top o graph i cal data. We
dis cuss the com par i son be tween our re sults and the well doc u -
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mented re cords from sed i men tary de pos its of ad ja cent re gions
in the south east ern Bal tic.

MATERIAL AND METHODS

A large coastal raised bog, Koz’ye (Kaliningrad Re gion,
Rus sia, 55.25500°N; 21.39000°E), was cho sen as a study site
due to it be ing an un dis turbed eco sys tem which is lo cated in the 
north ern part of the Neman Delta close to the mouth of Neman
River and also to the shore of the Curonian La goon (Fig. 1B).
Ac cord ing to geo log i cal data (Timofeev and Bogolyubova,
1998), the 0-level of the bog’s peat bed lies ~2 m above the
level of the Curonian La goon (Fig. 2). The study area is con sid -
ered to be a key site for the re con struc tion of land scape for ma -
tion in this coastal zone. The palaeoinformation ob tained from
this site has been com pared with that of the right-bank area of
the Neman Delta (Bitinas et al., 2002; DamuëytÅ, 2011). This
pro vides an op por tu nity to de velop a com plete his tory of this
trans-bound ary area in the south east ern part of the Bal tic Re -
gion.

The Koz’ye raised bog oc cu pies an area of 1,400 ha within
a mo saic land scape sur rounded by var i ous hab i tats such as
flooded black-al der carrs, an cient dunes, floodplain mead ows
and fens which to gether com prise a ref er ence eco sys tem for
the Neman Delta area.

PEAT BED PROBING AND SAMPLING

Field in ves ti ga tions were made along an axis (transect line)
run ning across the whole mire area from east to west (Fig. 1C).
The sur vey in cluded the fol low ing op er a tions ac cord ing to stan -
dard tech niques (Minkina, 1939; Vleeshouwer et al., 2010): a
lev el ling pro ce dure to de ter mine the bog sur face to pog ra phy,
man ual peat bed prob ing to es ti mate the floor re lief of the bog
de pres sion, se lec tive cor ing of the peat bed and the col lec tion
of peat sam ples.

Lev el ling was car ried out us ing an H-10 level, ev ery 50 m.
Peat depths were mea sured man u ally us ing a Rus sian peat
corer fit ted with a probe cham ber (TBG-66 model) at 50 m in ter -
vals along the transect line un til the point of re sis tance (Fig. 2),
whereas the sites with an abrupt change in bog floor re lief were
probed ev ery 20 m.

The peat bed cor ing and re trieval of peat sam ples was car -
ried out us ing a Rus sian peat corer with a semi-cy lin dri cal sam -
ple cham ber (TBG-1 model) which is fit ted with a semi-cy lin dri -
cal cut ting blade to pro vide un dis turbed sed i ment mono liths.
Sam pling was car ried out at 10 cm in ter vals of the re trieved
core, with the ex cep tion of seg ments with a high de gree of het -
er o ge ne ity, in which case sam ples were taken at 5 cm in ter vals. 
We ob tained 11 cores 150–700 cm in length, pick ing out 346
sam ples from across the whole pro file of the bog site stud ied
(Fig. 2).
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Fig. 1. Sketch map of the study area

A – geo graphic lo ca tion of the Kaliningrad Re gion; B – types of land scape in the Kaliningrad Re gion (ac cord ing to the map by N.N.
Lazareva in: Orlionok, 2008); C – area of Koz’ye Bog with lo ca tion of the study transect line and bore hole sites (black cir cles)

https://gq.pgi.gov.pl/article/view/7280


RADIOCARBON DATING

The nu mer i cal age of the de pos its was de ter mined by ra dio -
car bon dat ing of sev eral peat ho ri zons in the deep est bore hole
Kz-C (55.25234°N; 21.40882°E) and the bot tom peat in the
cen tral bore hole Kz-08 (55.25213°N; 21.39477°E). We ob -
tained seven ra dio car bon dates for the bulk peat sam ples (incl.
fen, swamp, tran si tion mire and raised bog peat) which were
pro cessed us ing the con ven tional scin til la tion-count ing tech -
nique (LSC) in the Ra dio car bon Lab o ra tory of the In sti tute of
Ge og ra phy, Rus sian Acad emy of Sci ences (Mos cow, Rus sia,
lab o ra tory in dex “IGAN”). For the lower part of the core Kz-C,
we also re ceived two AMS ra dio car bon dates pro cessed in the
Poznañ Ra dio car bon Lab o ra tory (Adam Mickiewicz Uni ver sity,
Po land, lab o ra tory in dex “Poz”). The re sults of the ra dio car bon
dat ing are given in Ta ble 1.

The ra dio car bon dates ob tained were cal i brated us ing the
programme CALIB (ver sion 8.2 14ChronoCentre, Queens Uni -
ver sity Bel fast) by means of the cal i bra tion curve IntCal20
(Stuiver et al., 2020). The cal en dar age is pre sented as a mean
value within the con fi dence in ter val of the cal i bra tion curve +1s
(Ta ble 1).

The age model of the core was con structed by lin ear in ter -
po la tion be tween the cal i brated ra dio car bon dates.

Tak ing into ac count that some very closely lo cated peat ho -
ri zons were dated with dif fer ent, AMS and con ven tional, ra dio -
car bon tech niques and gave very dis crep ant dates (sam ples
4/5 and 7/8 in Ta ble 1), we have ex cluded the three lower 14C
con ven tional dates (5, 6 and 7 in Ta ble 1) from the in ter po la tion
pro ce dure due to their lower re li abil ity.

Based on the data of in ter po la tion, the age-depth model
was plot ted for Koz’ye Bog (Fig. 3) us ing OxCal soft ware v4.3.2
(Bronk Ramsey, 2017).

PLANT MACROFOSSIL ANALYSIS

Each of the 346 peat and gyttja sam ples were sub jected to
macrofossil anal y sis, which in cluded a study of the de gree of

peat de com po si tion and the bo tan i cal struc ture of the plant re -
mains. The es ti ma tion of the de gree of peat de com po si tion was 
ac com plished us ing both mi cro scopic and elutriation tech -
niques (Piavtchenko, 1963). In or der to de ter mine a peat type
and a peat-form ing plant com mu nity (thanatocoenosis), a bo -
tan i cal anal y sis of plant macrofossils in the peat was per formed
for each sam ple by microscopicy. Re mains such as rootlets,
frag ments of rhi zomes, leaves, stems, bark, epi der mis and
pieces of wood were iden ti fied to spe cies level us ing a range of
iden ti fi ca tion keys (Korotkina, 1939; Matyushenko, 1939;
Dombrovskaya et al., 1959; Katz et al., 1977). Lo cal macro -
fossil zones have been vi su ally de fined ac cord ing to the
compositional and dom i nance pat terns of the dif fer ent plant re -
mains. Based on the re sults of the macrofossil anal y sis of the
lon gest (7 m) core (Kz-C) a di a gram of vegetational suc ces -
sions (Fig. 4) was plot ted us ing C2 soft ware (Jug gins, 2014). A
lithostratigraphic cross-sec tion of Koz’ye Bog (Fig. 2) was gen -
er ated by cor re la tion of the macrofossil data from each of the 11 
peat cores, re trieved along the transect line, whilst tak ing into
ac count the mire floor re lief and bog sur face to pog ra phy.

POLLEN ANALYSIS

Pol len anal y sis was con ducted on 97 peat and gyttja sam -
ples col lected from ho ri zons (705–6 cm) of the core Kz-C re -
trieved from the deep est part of the bog. Sam ples were pro -
cessed ac cord ing to the Faegri-Iversen tech nique (1989) for
prep a ra tion of pol len/spore spec i mens. Spec i mens were mi cro -
scop i cally ex am ined un der 400-X mag ni fi ca tion for spe cies
iden ti fi ca tion fol low ing stan dard iden ti fi ca tion keys
(Kupriyanova and Alyoshina, 1972; Göttlich, 1990; Faegri and
Iversen, 1993; Beug, 2004; Nelle, 2008). We counted no less
than 400 ar bo real pol len grains in each sam ple.

The pol len di a gram (Fig. 5) was plot ted us ing C2 soft ware
(Jug gins, 2014). The per cent age of taxa was cal cu lated based
upon the to tal ter res trial pol len sum, ar bo real pol len (AP) plus
non-ar bo real pol len (NAP). Pol len from aquatic plants, spores
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Fig. 2. Lithostratigraphic cross-sec tion of Koz’ye Bog

The level of the Curonian La goon is given fol low ing cor re la tion with the scheme in Timofeev and Bogolyubova (1998)



and al gal coenobia (Pediastrum boryanum) were not in cluded
in the to tal pol len sum, and their fre quency val ues were cal cu -
lated in re la tion to the sum AP + NAP. To cal cu late pol len con -
cen tra tion in 1 cm3 of sed i ment, Lycopodium clavatum tab lets
were added to the sam ples prior to the mac er a tion (Stockmarr,
1971).

Lo cal pol len as sem blage zones (LPAZ) were vi su ally dis tin -
guished by AP and NAP in ter re la tion, tak ing into ac count their
ap pear ance and ex tinc tion in the di a gram, as well as the con -
sid er able fre quency change com pared to other spe cies. LPAZ
are de fined as in ter vals where the pol len of a spe cies reaches
peak con tent in a ho ri zon and where some spe cies ap pear / de -
cline (Boitsova, 1977).

CHRONOSTRATIGRAPHICAL CORRELATION

As re gards sub di vi sion of the Ho lo cene Ep och, we use def i -
ni tions ‘early’, ‘mid dle’ and ‘late’ Ho lo cene bas ing on the re -
cently adopted scheme of the In ter na tional Com mis sion on
Stra tig ra phy (Walker et al., 2018), which con sid ers global cli -
ma tic events. Nev er the less, we also match our data with the
tra di tional chronozones of the Blytt-Sernander clas si fi ca tion (in
Khotinsky, 1977; Mangerud et al., 1982). The lat ter is still in use
in Rus sian and Eu ro pean palaeo ge ogra phy and, in our opin ion, 
is better ap pli ca ble for de scrib ing the vari a tions of veg e ta tion at
lo cal or even re gional scale in the Bal tic Re gion. The units of
these sub di vi sions can be ap prox i mately cor re lated be tween
each other and with the scheme of Neustadt (1957), which also
uses the terms ‘early’, ‘mid dle’ and ‘late’ Ho lo cene (Ta ble 2).

All the lo cal zones and stages in the di a grams (Figs. 4 and
5) are matched with the Blytt-Sernander chronozones ac cord -
ing to the jux ta posed strati graphic scheme of KabailienÅ (2006)
and the scheme of the de vel op men tal stages of the Bal tic Sea
(in DamuëytÅ, 2011).

RESULTS

FIELD STRATIGRAPHY AND MACROFOSSIL CORRELATION 
OF THE CORES

Some pre lim i nary data on the stra tig ra phy of Koz’ye Bog,
based on the bo tan i cal com po si tion of the peat, was pub lished
ear lier (Napreenko-Dorokhova et al., 2017; Napreenko-Doro -
khova and Napreenko, 2018). Here we sum ma rise the data and 
add new de tail re flect ing our lat est re cords.

The anal y sis of the 11 field cores from the peat de pos its
shows that there are two dis tinct bas ins of the Koz’ye Bog peat,
each be ing sep a rated into sev eral mi nor ket tles (Fig. 2). The
un der ly ing sand de posit rises in the cen tre, form ing an in ner bar 
which is, ap par ently, a rem nant ridge from the an cient dunes.

The deep est point was re corded in the east ern large ket tle
at a depth 7 m from the sur face (4.5 m be low the wa ter level of
the Curonian La goon). Ac cord ing to the ra dio car bon dat ing, this 
ma jor ket tle con tains the old est peat de pos its and may be the
ge netic cen tre of the en tire mire.

The macrofossil anal y sis of the 346 peat sam ples en abled
us to de fine 17 bo tani cally in ferred peat units (Napreenko and
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No. Lab. no. Depth of sam pling
cm/core no. Dated ma te rial Dat ing method

Ra dio car bon age

(14C)

yr BP

Cal i brated age in ter val

for 1s, cal. yr BP

be gin ning–end    prob a bil ity

1 IGAN-4757 125–135/Kz-C
raised bog peat,

weakly de com posed
(bulk sam ple)

14C con ven -
tional 890 ±90

728–834             0.650

844–859             0.082

863–908             0.267

2 IGAN-4758 435–450/Kz-C
fen peat, highly de -

com posed
(bulk sam ple)

14C con ven -
tional 2,630 ±70

2,622–2,627        0.018

2,708–2,850        0.982

3 IGAN-5243 505–515/Kz-C
fen peat, mod er ately

de com posed
(bulk sam ple)

14C con ven -
tional 3,720 ±70

3,932–3,942         0.032

3,973–4,153         0.930

4,208–4,220         0.038

4 Poz-123134 605–607/Kz-C fen peat, 
highly de com posed

14C AMS 5,720 ± 40 
6,444–6,560         0.989

6,594–6,596         0.011

5 IGAN-5244 610–620/Kz-C
fen peat, 

highly de com posed
(bulk sam ple) 

14C con ven -
tional 6,600 ±80

7,429–7,515         0.741

7,535–7,566         0.259

6 IGAN-4762 655–670/Kz-C
fen peat, 

highly de com posed
(bulk sam ple) 

14C con ven -
tional 8,340 ±80

9,273–9,469         0.953

9,153–9,166         0.047

7 IGAN-4763 685–700/Kz-C
fen peat, 

highly de com posed
(bulk sam ple) 

14C con ven -
tional 8,760 ±80

9,654–9,897         0.833

9,559–9,571         0.031

9,602–9,649         0.135

8 Poz-123136 700–702/Kz-C fen peat, 
highly de com posed

14C AMS 10,320 ± 60

11,944–12,108     0.528

12,113–12,176     0.181

12,235–12,253     0.049

12,307–12,324     0.046

12,356–12,377     0.054

12,391–12,438     0.142

9 IGAN-4764 340–350/Kz-08 Tran si tion mire peat
14C con ven -

tional 3,650 ±60
3,891–4,007         0.703

4,031–4,083         0.297

T a  b l e  1

Ra dio met ric dat ing of the peat sam ples from Koz’ye Bog



Napreenko-Dorokhova, 2015), these 17 units be ing fur ther
clas si fied into 6 spe cific types of peat. The lat ter are listed in the
leg ends of Fig ures 2 and 4. The lithostratigraphic cross-sec tion
of Koz’ye Bog is based on the cor re la tion of these peat types,
which were ar ranged along the pro files of the 11 re trieved peat
cores (Fig. 2). When com bined with the ra dio car bon dat ing the
cross-sec tion il lus trates the main stages of mire de vel op ment
dur ing the Ho lo cene.

Most of the fen and tran si tion mire peat de pos its lie be low
the level of the Curonian La goon whilst the ma jor ity of the raised 
bog peat is above this level.

AGE-DEPTH MODEL

Fig ure 3 gives the age-depth model for the peat of the
Koz’ye Bog in the core Kz-C ac com pa nied by a plot of the peat
in cre ments. Four con ven tional dates for the up per peat sam -
ples and two AMS 14C-dates for the lower ho ri zons pro vide six
age ref er ence points for the whole peat bed. In spite of the fact
that the three dates: 7,472; 9,371 and 9,776 cal. yr BP, lie in the
vi cin ity of the curve, they are not in cluded in the cal cu la tions,
be ing less re li able.

The av er age ac cu mu la tion rate of the peat was very low
(0.2–0.4 mm/yr) dur ing of 9,000 year in ter val be tween
12,100–2,800 cal. yr BP, within the Late Gla cial to the be gin ning 
of the Late Ho lo cene. An abrupt shift to more ac tive peat ac cu -
mu la tion started from the be gin ning of the Subatlantic
chronozone (2,800 cal. yr BP), reach ing the rate of 1.6 mm/yr.

PLANT MACROFOSSIL DATA

Fig ure 4 shows the macrofossil dis tri bu tion through the 7 m
long peat core Kz-C from the deep est ket tle in the east ern part
of the mire. The eight macrofossil zones rep re sent the pat tern
of mire de vel op ment in the study area dur ing the Late Gla cial
and Ho lo cene time.

Macrofossil zone I (700–645 cm, 12,200–8,600 cal. yr BP).
The pre dom i nant plant macrofossils are the res i dues of a hy -
dro philic moss Drepanocladus sp. that reached >90%. The re -
mains of Phragmites aus tra lis, Menyanthes tri foli ata and Alnus
glutinosa are con tin u ously pres ent in the lower part of the zone
(5–30%), but dis ap pear to wards the mid dle. Carex lasiocarpa is 
pres ent in neg li gi ble amounts but rap idly in creases to wards the
top.

Macrofossil zone II (645–583 cm, 8,600–6,000 cal. yr BP).
This zone is de fined by a rapid de cline in the per cent age of
Drepanocladus (<5%). Phragmites aus tra lis and Carex
lasiocarpa be come the dom i nant taxa (30–50%). Alnus
glutinosa ap pears at the top of the pre vi ous zone and is re -
corded here at all lev els but in very low amount (<5%).

Macrofossil zone III (583–472 cm, 6,000–3,400 cal. yr BP).
Carex lasiocarpa be comes the dom i nant spe cies, reach ing
80–90%. The other fen spe cies (Drepanocladus, Phragmites
aus tra lis, Menyanthes tri foli ata and Alnus glutinosa) de crease
to ~1–5%. The plant res i dues rep re sented by the small est per -
cent ages (1–2%) are those of the tran si tion mire spe cies
Eriophorum vaginatum and Pinus sylvestris.

Macrofossil zone IV (472–382 cm, 3,400–2,350 cal. yr BP).
Minerotrophic spe cies (Phragmites aus tra lis, Menyanthes tri -
foli ata and Alnus glutinosa) are abun dant in the first half of the
zone but they de crease to wards the top. In the up per part,
Eriophorum vaginatum and Pinus sylvestris are dom i nant
(50–80%), and Sphag num spe cies (1–5%) ap pear.

Macrofossil zone V (382–134 cm, 2,350–800 cal. yr BP).
The dom i nant spe cies is Sphag num fuscum which makes up
80–95% of the plant res i due. Other spe cies of Sphag num are
in sig nif i cant. The per cent age of Eriophorum vaginatum var ies
from 2 to 15%.

Macrofossil zone VI (134–81 cm, 800–400 cal. yr BP) is
char ac ter ized by the dom i nance of hy dro philic taxa. Sphag num
balticum and S. cuspidatum are the pre dom i nant spe cies
(60–70%), the res i dues of S. angustifolium/S. fallax group be -
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Fig. 3. Age-depth model and a peat ac cu mu la tion curve (dashed line) for Koz’ye Bog

AMS-dates are marked in bold; see Ta ble 1 for de tails of ra dio car bon dates
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ing less nu mer ous (20–30%). Scheuchzeria palustris reaches
10%. The hum mock spe cies, Sphag num fuscum, dis ap pears
whereas Sphag num magellanicum shows an in crease at the
top of the zone.

Macrofossil zone VII (81–13 cm, 400–60 cal. yr BP) shows
a mix ture of hum mock and hol low bog Sphagna
(S. magellanicum, S. cuspidatum S. angustifolium/S. fallax)
dom i nat ing in this zone; to gether they ex ceed 90% of the res i -
dues. Scheuchzeria palustris reaches 5–7%.

Macrofossil zone VIII (13–0 cm, 60 cal. yr BP – pres ent).
The dom i nant spe cies are Sphag num magellanicum and S.
rubellum (55–80%). The pres ence of Baeothryon cespitosus is
an im por tant char ac ter is tic of this zone. The per cent age of the
S. angustifolium / S. fallax group and Scheuchzeria palustris
reaches 5–7%.

POLLEN DIAGRAM

The pol len di a gram (Fig. 5) was plot ted based on the data
from the deep est (7 m) peat core Kz-C of Koz’ye Bog span ning
a pe riod from the Late Gla cial to the lat est Ho lo cene. Fig ure 5
pres ents seven lo cal pol len as sem blage zones (LPAZ) iden ti -
fied as de scribed in Ma te rial and Meth ods.

LPAZ 1: Pinus–NAP (non-ar bo real pol len spe cies),
(703–660 cm, 12,200–9,700 cal. yr BP). This zone is quite
clearly sep a rated from the rest of the di a gram. Pol len from ar -
bo real spe cies dom i nates the gen eral com po si tion (75–80%).

Ar bo real spe cies are mainly rep re sented by the pol len of
Pinus (41–58%) and Betula sp. (20–43%), a small amount of
Salix sp. (1–3%) and a trace amount of Alnus, Corylus and
Picea. The per cent age of herb pol len is the high est among the
LPAZ, rang ing from 17 to 25%. The dom i nant taxa are Ar te mi -
sia, Chenopodiaceae, Polygonaceae, Cichorioideae, Silene.
Some Selaginella spores were also de tected. An im por tant
char ac ter is tic of this pol len zone is the high con tent of the green
fresh wa ter alga Pediastrum boryanum.

LPAZ 2: Betula (660–645 cm, 9,700–8,800 cal. yr BP). This
pol len zone is char ac ter ised by a vis i ble rise and peak value in
the per cent age of Betula pol len (<42%). This de clines at the
end of the zone with the si mul ta neous rise of the Pinus curve.
The sec ond im por tant fea ture is an ev i dent de crease in the per -
cent age of NAP pol len, which falls to as low as 2% at the top.

The amount of Alnus and Salix in creases up to 5%. Quercus
and Tilia are pres ent, but only in small amounts (1–2%).

LPAZ 3: Pinus–Alnus (645–601 cm, 8,800–6,400 cal. yr
BP). The lower bound ary of LPAZ 3 is de fined by a de crease in
the amount of Betula pol len (3–16%) and all non-ar bo real spe -
cies which co in cides with an in crease in the per cent ages of pol -
len from Pinus (50–86%) and Alnus (4–37%) and the ap pear -
ance of Polypodiales spores. Some changes are ev i dent from
the mid dle of the pol len zone, in par tic u lar, an in crease in the
per cent ages of Corylus pol len and Polypodiales spores, the ap -
pear ance of Tilia pol len and the ex tinc tion of Salix; how ever, the 
pro por tion of Picea pol len is still neg li gi ble. Based on the pol len
spec tra, LPAZ 3 may match the end of the Bo real and the be -
gin ning of the At lan tic chronozones, though the ra dio car bon
dates give a youn ger age for the up per part of this LPAZ.

LPAZ 4: Quercus–Tilia–Ulmus–Corylus (601–483 cm,
6,400–3,500 cal. yr BP). The lower bound ary of LPAZ 3 is
marked by a de cline in the Pinus pol len curve (14–50%), a si -
mul ta neous in crease in the per cent age of pol len from Tilia
(<4.5%), Ulmus (<8%) and Corylus (<7%), and the ap pear ance 
of Quercus pol len (<10%). There is a sub stan tial rise in the per -
cent age of Alnus pol len (20–40%), and the value of Picea also
in creases, es pe cially to wards the end of the pol len zone. LPAZ
4 can be cor re lated with the At lan tic and the first half of the
Subboreal chronozones.

LPAZ 5: Alnus–Picea (483–433 cm, 3,500–2,700 cal. yr
BP). The lower bound ary of this pol len zone is de fined by a con -
sid er able in crease in the per cent age of Alnus pol len (40–71%)
and a si mul ta neous de cline in the amount of pol len from
thermophilic tree spe cies of the nemoral as sem blage: Ulmus,
Quercus, Corylus and Tilia. When com pared with the other pol -
len zones, the per cent age of spruce (Picea) pol len is higher,
horn beam (Carpinus) pol len ap pears, sin gle pol len grains of
buckthorn (Frangula alnus) are found, and Polypodiales spores 
oc cur through out the whole pol len zone. Based on the pol len
spec tra, LPAZ 5 may be cor re lated with the sec ond half of the
Subboreal chronozone.

LPAZ 6: Carpinus – Picea (433–43 cm, 2,700–250 cal. yr
BP). The lower bound ary is de fined by a de crease in the per -
cent age of Alnus pol len and a si mul ta neous in crease in the pol -
len con cen tra tion of Betula, Corylus, Carpinus, Quercus,
Ericaceae (in clud ing Calluna) and some ter res trial her ba ceous
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No.

Age ac cord ing ICS 
sub di vi sion
[cal. yr BP]

(be fore AD 1950)

Sub di vi sion by the In ter na tional
Com mis sion on Stra tig ra phy, ICS

(Walker et al., 2018)

Blytt-Sernander chronozones
(DamuëytÅ, 2011)

[cal. yr BP]
(be fore AD 1950)

Neustadt se quence
(Neustadt, 1957)

[cal. yr BP]
 (be fore AD 1950)

1 4,200–pres ent Late Ho lo cene Subepoch
(Meghalayan Stage)

Subatlantic (SA1, SA2)

2,600-pres ent

Late Subboreal (SB2)
4,050–2,600

Late Ho lo cene (HL-4)

2,600–pres ent

Mid dle Ho lo cene (HL-3) – 
end of the pe riod

4,050–2,600

2 8,276–4,200 Mid-Ho lo cene Subepoch
(Northgrippian Stage)

Early Subboreal (SB1)

5,700–4,050

At lan tic (AT1, AT2)

8,600–5,700

Mid dle Ho lo cene (HL-3) – 

ma jor part of the pe riod

8,600–4,050

3 11,650–8,276 Early Ho lo cene Subepoch
(Greenlandian Stage)

Bo real (BO)

10,200–8,600

Preboreal (PB)

11,500–10,200

Early Ho lo cene (HL-2)

10,200–8,600

Older Ho lo cene (HL-1)

11,500–10,200

T a  b l e  2

Jux ta po si tions of the Ho lo cene sub di vi sion schemes
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plants (Cereales, Ar te mi sia). The per cent age of Picea pol len is
still high, pol len from Pinus, Tilia and Ulmus is com mon, and
sin gle buckthorn (Frangula alnus) pol len grains are also pres -
ent. This pol len zone matches most of the Subatlantic
chronozone.

LPAZ 7: Pinus–Picea–NAP (43–6 cm, 250 cal. yr BP –
pres ent time). This pol len zone matches the lat est Subatlantic
chronozone and il lus trates the ob vi ous anthropogenic im pact
dis tinctly iden ti fied by the con sid er able per cent age of herbs
(11%) that in clude ce re als (Secale-type) and synanthropic spe -
cies (Ar te mi sia, Chenopodiaceae), and the es sen tial in crease
in the value of Pinus and Picea. By con trast, the per cent age of
all nemoral ar bo real spe cies (Alnus, Ulmus, Tilia, Quercus,
Corylus, Carpinus) de clines by a great ex tent whilst the pol len
of Fagus dis ap pear. There is a de cline in the amount of Sphag -
num spores, which likely in di cates a de crease in the growth rate 
of peatland, in the last 100–150 years, caused by drain age.

DISCUSSION

MIRE FORMATION IN THE AREA OF THE KOZ’YE BOG

The macrofossil di a gram in di cates that the peat for ma tion
pro cess be gan dur ing the Youn ger Dryas chronozone
~12,100 cal. yr BP in a low-pro duc tiv ity pool dom i nated by hy -
dro philic bryophytes with a min i mal peat ac cu mu la tion rate
(macrofossil zone I). The large amount of Pediastrum
boryanum coenobia in the pol len di a gram (Fig. 5) in di cates the
ex is tence of a wa ter body dur ing this pe riod, while fur ther up the 
core, the amount of Pediastrum boryanum grad u ally de creases
and fi nally ceases with the si mul ta neous ap pear ance of Typha
latifolia pol len, in di cat ing the oc cur rence of shoal ing.

Res i dues from Carex lasiocarpa and Phramites ap peared
in the same pe riod on the macrofossil di a gram (Fig. 4), it is clear 
that aquatic com mu ni ties were re placed 8,600 cal. yr BP by
mesotrophic fen veg e ta tion dom i nated by Phragmites and
Carex. These in di ca tors re flect a pro cess of terrestrialisation
which oc curred in the ex ist ing wa ter body re sult ing in the for ma -
tion of a fen.

So, the pi o neer wet land stage lasted ~3,500 years and
spanned the end of the Late Gla cial and the whole early Ho lo -
cene (the Youn ger Dryas, Preboreal and Bo real).

Tus socky fen veg e ta tion (macrofossil zones II and III) was
dom i nant here dur ing a long pe riod of nearly 5,000 years which
spanned the en tire At lan tic and most of the Subboreal
chronozones (8,600–3,500 cal. yr BP). This phase was also
char ac ter ised by gen er ally low or ganic ac cu mu la tion.

Macrofossil zone IV shows that there was a rapid re place -
ment of the fen veg e ta tion by the tran si tion mire that ex isted
here dur ing an 800-year pe riod in the late Subboreal and the
early Subatlantic chronozones (3,500–2,300 cal. yr BP).

 Macrofossil zone V in di cates that there was rapid colo nis -
ation of the ter ri tory by Sphag num fuscum-dom i nated raised
bog com mu ni ties at 2,300 cal. yr BP. This led to a con sid er able
in crease in the peat ac cu mu la tion rate, which may have also
been af fected by cli ma tic fluc tu a tions in the Subatlantic.

The brief zones VI, VII and VIII re flect stages of veg e ta tion
suc ces sion and en vi ron men tal al ter ation which were in duced,
pre sum ably, both by nat u ral fac tors (the de vel op ment of the
bog mi cro- and meso-to pog ra phy, hy dro graphic con di tions and
cli ma tic changes) and anthropogenic in flu ence in the late
Subatlantic dur ing the last 800 years.

At the same time, the macrofossil di a gram does not re veal
any ob vi ous marks of an in un da tion or sub mer sion of the area
dur ing the Bal tic trans gres sions within the en tire study pe riod.

DEVELOPMENT OF THE LATE GLACIAL 
AND HOLOCENE ENVIRONMENTS

Based on the macrofossil anal y sis re sults, the lithological
cor re la tion of the peat cores, the pol len anal y sis and ra dio car -
bon dat ing of the Koz’ye Bog de pos its, sev eral stages can be
iden ti fied within the de vel op ment of the Late Gla cial and Ho lo -
cene en vi ron ments in the Rus sian part of the Neman Delta
area. Since the study area is lo cated in a coastal re gion, the
main sea-level os cil la tions of the Bal tic could, to a cer tain ex -
tent, have in flu enced the pro cess of veg e ta tion de vel op ment
and mire for ma tion which, in its turn, should be re flected in the
pol len spec tra, lithostratigraphic pro file and mire palaeo-suc -
ces sion di a gram (Figs. 2–4). These data are sum ma rised in a
fi nal chart (Fig. 6) in di cat ing main en vi ron men tal vari a tions re -
vealed in the stud ied area dur ing the Late Gla cial and Ho lo -
cene.

The Youn ger Dryas, Preboreal and Bo real chrono -
zones, 12,200–9,700 cal. yr BP (within LPAZ 1): an open
cryophilic land scape, a de layed re sponse to the global
early Ho lo cene warm ing. The pol len spec tra in di cate that a
sig nif i cant role was played by key cryophilic el e ments, which
were com mon in tun dra-like com mu ni ties in the Youn ger Dryas
chronozone. In par tic u lar, (1) a wide range of non-ar bo real
steppe-tun dra spe cies and an abun dance of their pol len (Ar te -
mi sia, Chenopodiaceae, Polygonaceae), (2) the pres ence of
light-de mand ing cryophilic el e ments (Saxifraga, Selaginella),
(3) a slight but dis tinct in crease in the per cent age of Salix pol -
len, and (4) the ab sence of thermophilic broad-leaved spe cies.
The pol len ar range ment in LPAZ 1 may re flect a cryophilic open 
land scape with scat tered patches of for est com mu ni ties.

These fea tures may have been a re sponse to the cli ma tic
shift within the gla cial stadial GS-1 in the North At lan tic (Al ley,
2000; Litt et al., 2001; Boussman and Vierra, 2012) caus ing se -
vere – cooler and drier – en vi ron men tal con di tions with a more
dis tinct cli ma tic continentality when com pared with the sub se -
quent Ho lo cene en vi ron ments. Sim i lar veg e ta tion traits were
pres ent in the ad ja cent Bal tic re gions in the Youn ger Dryas
(Ralska-Jasiewiczowa et al., 2004; KabailienÅ, 2006;
Apolinarska et al., 2012; Ga³ka et al., 2014; StanèikaitÅ et al.,
2015; Zernitskaya et al., 2019) as well as in most of Eu rope
(Neustadt, 1957; Gudelis, 1975; Lang, 1994; Litt et al., 2001)
and North Amer ica (Boussman and Vierra, 2012).

At the same time, most of these cli mate in di ca tors usu ally
show a dis tinct de crease or dis ap pear ance dur ing the tran si tion 
from the Late Gla cial to the Ho lo cene (11,650 cal. yr BP). Nev -
er the less, our dat ing and fur ther in ter po la tion give a broader
tem po ral in ter val for this stage (Fig. 5, LPAZ 1) and there fore
sug gests that this type of veg e ta tion was also com mon here at
a later time, at least up to the mid dle of the Bo real
(~9,700–9,500 cal. yr BP).

The ex is tence of the cold con di tions that af fected LPAZ 1
are also sup ported by the cor re spond ing plant macrofossil data
(Figs. 2 and 4, macrofossil zone I) which are mainly rep re -
sented by the rem nants of Drepanocladus, a hy dro philic moss
pre dom i nant in tun dra lake com mu ni ties. Ac cord ing to ear lier
data (Steffen, 1931; Benrath, 1934; Pobedimova, 1955; Bitinas
et al., 2002), hy dro philic bryophyte com mu ni ties con tain ing
Drepanocladus were wide spread in the south east ern Bal tic Re -
gion dur ing the Preboreal. Benrath (1934) sug gested a sim i lar
age for the bot tom ho ri zons of the peat bed in the east ern part
of the Koz’ye Bog (Bredschuller Moor). He in ferred that these
limnic gyttja de pos its with con sid er able humidification de vel -
oped via a paludification pro cess on the older morainic ter race
dur ing the Ancylus trans gres sion.

Our dat ing gives a time frame of 12,200–8,600 cal. yr BP for 
these peat de pos its (Fig. 4, macrofossil zone I), show ing that

Maxim Napreenko et al. / Geo log i cal Quar terly, 2021, 65: 32 9

https://gq.pgi.gov.pl/article/view/7280


they formed in the, pre sum ably, sim i lar en vi ron ments of a cold
and dry cli mate dur ing a long pe riod that spanned a ma jor part
of the Youn ger Dryas, the en tire Preboreal and the ini tial half of
the Bo real chronozones.

Thus, we may as sume the ex is tence of cryophilic tun -
dra-like or steppe-tun dra veg e ta tion, or at least frag ments of
such veg e ta tion, in this ter ri tory up to the mid-Bo real
(~9,700–9,500 cal. yr BP). How ever, other ar eas of the re gion
clearly show the spread of birch and pine for ests dur ing this
time (Napreenko-Dorokhova, 2015; Druzhinina et al., 2015;
Napreenko and Napreenko-Dorokhova, 2020). This also took
place in neigh bour ing re gions of north ern Po land (Ko³aczek et
al., 2013; Fi³oc et al., 2014; Ga³ka et al., 2014), Lith u a nia
(KabailienÅ, 2006; StanèikaitÅ et al., 2015) and Belarus
(Zernitskaya et al., 2019). The rea sons for the sup posed
palaeogeographic de lay are still un clear at pres ent.

Emphasising the con trast ing pol len se quences for the ar -
eas men tioned above, es pe cially for those sites lo cated in the
south east ern part of the Kaliningrad Re gion (Druzhinina et al.,
2015, 2020), we should, how ever, note that this area had al -
ready be come ice-free, dur ing the re treat of the ice sheet to the
line of the South-Lith u a nian end mo raines (Uœcinowicz, 1999;
Gaigalas et al., 2001; Kazakauskas and Gaigalas, 2004). As is
shown in these pa pers and based on the es ti mated ice sheet
re ces sion rate in this re gion of 50 m/yr (Lasberg and Kalm,
2013), this should have oc curred ~15,000 cal. yr BP, i.e. ~2,000 
years ear lier than in the Neman Delta area where fi nal
deglaciation was re corded not later than 13,600–13,300 cal. yr
BP (Rinterknecht et al., 2008; Lasberg and Kalm, 2013).
Hence, the veg e ta tion cover be gan to de velop much ear lier in
the south ern parts of the Kaliningrad Re gion while the north -
west ern ter ri to ries were still oc cu pied by the gla cier. This may
have been also among the pos si ble causes that have in flu -
enced the course of veg e ta tion de vel op ment in the study area.

Mean while, some sites lo cated in the area of the Last Gla ci -
ation ice re treat lim its of the North-Lith u a nian and Mid dle-Lith u -
a nian phases (Gaigalas et al., 2001; Kazakauskas and
Gaigalas, 2004) show pol len data sim i lar to ours. These are
pol len di a grams from the Lopaièiai Ket tle in the Samogitian Up -
land, NW Lith u a nia (KabailienÅ et al., 2015) and a small
peatland in the ero sional val ley be tween the Sheshupe and
Instruch rivers, in the north ern part of the Kaliningrad Re gion
(Bitinas et al., 2017). In par tic u lar, they show a high per cent age
of non-ar bo real xerophilic (steppe-tun dra) el e ments, such as
Ar te mi sia, Chenopodiaceae, Ephedra, Poaceae, up to the end
of the early Bo real (9,300–9,000 cal. yr BP). The Lopaièiai di a -
gram dem on strates also the dom i nance of Pinus up to 7,500
cal. yr BP (mid-At lan tic) and ex pan sion of broad-leaved trees
not ear lier than 7,000 cal. yr BP (late At lan tic). These facts may
also have been re lated to the late ice sheet re treat, and there -
fore to some prob a ble cli ma tic pe cu liar i ties of the sites lo cated
in the coastal re gions.

In spite of a great num ber of pa pers show ing a rapid shift in
the mean an nual and sum mer tem per a tures dur ing the Late
Gla cial–Ho lo cene tran si tion and their fur ther grad ual rise in the
early Ho lo cene, there are some stud ies that con sider the de -
layed warm ing dur ing this pe riod as a re sult of the re gional pat -
terns of cli mate evo lu tion in the south and east ern Bal tic (von
Grafenstein et al, 1999; Subetto et al., 2000; Wolfahrt et al.,
2007; Lauterbach et al., 2011). The au thors of these as so ci ated 
the later cli mate ame lio ra tion and re lated re sponse in the veg e -
ta tion changes with such fac tors as the cold tem per a ture of the
sur face wa ters of the Bal tic Ice Lake, the prox im ity of high-pres -
sure cells above North ern Eu rope as well as the re lated
easterlies of in creased strength, ex ten sive per ma frost, and
stag nant ice.

Tak ing into ac count the coastal lo ca tion of the study area,
all these fac tors might have had an im pact on the lo cal en vi ron -
ment, which, when com bined with the poor soils of the morainic
ter race, may have led to a per sis tence of cryophilic veg e ta tion
in the dune and morainic land scape in this area up to the sec -
ond half of the Bo real. Nev er the less, this ques tion re quires
more proxy data to be an swered.

The late Bo real and At lan tic chronozones, 9,700–6,400
cal. yr BP (within LPAZ 2 and 3):  grad ual warm ing, an in -
un da tion of the area, and the dom i nance of birch and pine
for ests. LPAZ 2 shows a clear de cline of NAP and an in crease
of AP, which dem on strates that Betula was wide spread. This
may in di cate a tran si tion from open cryophilic veg e ta tion to the
dom i nance of birch, pre sum ably within a for est-tun dra land -
scape. Ac cord ing to the afore men tioned ref er ences on the
palaeo ge ogra phy of the ad ja cent re gions, this change in the
pol len spec tra is typ i cal of the end of the Youn ger Dryas and
Preboreal in the 12,100–10,800 cal. yr BP in ter val. In our case,
cryophilic el e ments un der went a con spic u ous de cline in their
per cent age to tals within an in ter val 9,700–8,700 cal. yr BP
(Fig. 5) with a si mul ta neous rise in the amount of the ar bo real
pol len. This tran si tion in Koz’ye Bog oc curred in the last half of
the Bo real chronozone (Fig. 5), which re veals that there was a
time lag in the study area’s en vi ron men tal chro nol ogy of
~1,000–2,000 years when com pared to other Bal tic re gions
(Fig. 5, see com par i son of the pol len-in ferred and ra dio car -
bon-in ferred chronozone sub di vi sion).

The pol len curves within LPAZ 3 in di cate that this was when
pine for ests reached their max i mum ex tent, and that
broad-leaved for ests started to spread in the study area shortly
af ter this. This il lus trates that the cli mate was warm ing.

Si mul ta neously, a sub stan tial de crease in the num ber of
birch stands oc curred whilst the spread of the al der carr wood -
lands be gan. The lat ter, how ever, ac cord ing to the per cent age
of Alnus pol len (on av er age 20%), were not as wide spread as
in the Late Ho lo cene and oc cu pied only sep a rate flooded de -
pres sions. Nev er the less, dur ing the lat ter half of this stage, al -
der carrs de vel oped and ex panded to new ar eas in the study re -
gion. All these al ter ations are dem on strated by the con sid er able 
amount of Alnus pol len and Polypodiales spores in the pol len
di a gram (Fig. 5) as well as by the sed i men tary char ac ter is tics of 
the Phragmites fen peat (Figs. 3–5).

The bound aries of this stage com prise the pe riod of three
trans gres sions in the Bal tic ba sin (DamuëytÅ, 2011), which
were re lated to the global rise in the level of the World Ocean.
This is the fi nal stage of the Ancylus trans gres sion (A,
9,200–8,300 cal. yr BP) and two Littorina trans gres sions (L1,
8,300–8,000 cal. yr BP and L2, 7,500–7,000 cal. yr BP); the lat -
ter had an im por tant im pact on coastal re gions.

Ac cord ing to a num ber of geo log i cal data sets (Bitinas et al., 
2002; GelumbauskaitÅ, 2009; DamuëytÅ, 2011), the shore line
did not ex ceed the pres ent-day Bal tic sea level dur ing the
Ancylus and the first Littorina trans gres sions, but was 6–10 m
be low it (DamuëytÅ, 2011).

On the other hand, ac cord ing to the same sources (Bitinas
et al., 2002; Gelumbauskaite, 2009; DamuëytÅ, 2011), the rise
in the wa ter level ex ceeded the pres ent-day shore line po si tion
by sev eral metres dur ing the sec ond, the most pro nounced,
Littorina trans gres sion (L2, 7,500–7,000 cal. yr BP) which led to
the sub mer gence of a large area in the study re gion of the
Lower Neman low land. Based on the avail able car to graphic
data (DamuëytÅ, 2011), the coast line ex tended sev eral kilo -
metres east of the pres ent-day lo ca tion of Koz’ye Bog, hav ing
ex ceeded the cur rent shore line level by 3 m.

Our data may in di cate the pos si bil ity of such trans gres sion
events dur ing that pe riod.
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1. The peat bed con tains an ad mix ture of sand at two ho ri -
zons (615 cm and 613 cm) with an in ter po lated age of 7,000
and 6,900 cal. yr BP re spec tively, and then the struc ture of the
peat de pos its changed abruptly in (Fig. 5).

2. The peat de pos its con tain a con sid er able amount of mud
in this part of the core.

3. The pol len con cen tra tion in creases sharply in this part of
LPAZ 3 (from 12,000 up to 30,000–40,000 pol len grains per
cm3), fur ther more, poorly pre served pol len grains are fre quently 
found in the area, which are likely to have been re de pos ited
here.

4. The pol len di a gram (Fig. 5) shows that the curve peak of
the fen ferns (Polypodiales) matches this pe riod, i.e. the dom i -
nance of hygrophilic plants that were de pos ited in situ.

This may mean that the study re gion was par tially sub -
merged by sea-wa ter dur ing the sec ond Littorina trans gres sion, 
which may have led to the in ter rup tion of peat de po si tion in
Koz’ye Bog and ad di tion ally in flu enced a de lay in the ap pear -
ance of nemoral-as sem blage thermophilic spe cies (Quercus,
Ulmus, Tilia) in the pol len di a gram (Fig. 5). Their ex pan sion was 
re corded in the di a gram only at 7,500 cal. yr BP (Tilia) or 6,500
cal. yr BP (Quercus, Ulmus).

Thus, these trans gres sion-in duced fac tors, such as the
sub mer gence of the area and the high ground wa ter level, may
have con trib uted to the fact that thermophilic broad-leaved spe -
cies are re corded in this area 1,000–2,000 (and in some cases
3,000) years later than in other re gions of the south east ern Bal -
tic, where their ex pan sion had al ready started dur ing the early
At lan tic or even the late Bo real, 9,500–8,600 cal. yr BP,
(KabailienÅ, 2006; Koùaczek et al., 2013; Ga³ka et al., 2014;
Stanèikaitë et al., 2015; Napreenko and Napreenko-Doro -
khova, 2020). How ever, the re gional pe cu liar i ties which af -
fected the de vel op ment of the cli mate may also be con sid ered
as among the pos si ble causes.

The Late At lan tic and the ini tial half of the Subboreal
chronozones, 6,400–3,500 cal. yr BP (within LPAZ 4): the
max i mum ex tent of nemoral-as sem blage spe cies. The pol -
len data dem on strates an ex pan sion of de cid u ous for ests in the
Lower Neman low land that oc curred dur ing this pe riod. The
char ac ter of the pol len spec tra ar range ment shows a dis tri bu -
tion max i mum of de cid u ous for ests in the sur round ing veg e ta -
tion, in di cat ing the for ma tion of a warmer en vi ron ment fa vour -
able for dis persal of spe cies-rich tem per ate (nemoral)
broad-leaved com mu ni ties also known as Quercetum mixtum.

The wide spread dis tri bu tion of Alnus was fa voured by the
near-sea level lo ca tion of the ter ri tory and the area hav ing an
un du lat ing re lief with nu mer ous de pres sions. Ac cord ing to the
pub lished data (Steffen, 1931; Pobedimova, 1955), black al der
(Alnus glutinosa) spread in the re gion of the south east ern Bal tic 
coast in the late Bo real chronozone, dur ing the Ancylus trans -
gres sion. How ever, this pro cess oc curred in the north ern part of 
the Lower Neman low land at a much slower rate. So, even in
the At lan tic chronozone, the dis tri bu tion of Alnus did not reach
its max i mum there. This was also the case for the neigh bour ing
ter ri tory of Lith u a nia (Gudelis, 1975).

Un like the pre vi ous pol len zone, LPAZ 4 does not re veal
any clear in di ca tions of the im pact of the trans gres sion on the
vegetational de vel op ment pro cess. Al though there is a lo cal
peak of Alnus pol len that matches the peak value of the mire
fern spores (Polypodiales) at the very be gin ning of LPAZ 4; with 
the spo radic ap pear ance of Myriophyllum pol len, this may in di -
cate a short-term in un da tion of the area along the edge of the
peatland.

Dur ing the third Littorina trans gres sion (L3, 4,700–4,100 cal. 
yr BP), ac cord ing to avail able data (Bitinas et al., 2002;

DamuëytÅ, 2011; Kublitsky, 2016), the shore line only shifted
sev eral kilo metres eastwards from the pres ent-day po si tion and 
most likely reached the west ern mar gin of Koz’ye Bog. Bitinas
et al. (2002) pro posed that the large mires in the north ern part of 
the Neman Delta (Augstumal, Rupkalviai) were lo cated along
the coast line dur ing this pe riod, sur round ing a shal low wa ter
bay. Koz’ye Bog ap pears to be a con tin u a tion of this chain of
mires.

The fi nal part of LPAZ 4 cor re lates with the mid dle of the
Subboreal chronozone and the ini tial stage of the Post-Littorina
trans gres sion (PL, 3,700–2,400 cal. yr BP). The sea level of the 
study area was 3–4 metres lower than its pres ent level, which
should not have led to sub mer gence of the ter ri tory; how ever, in 
the north ern most parts of the delta, the sea level rose 2–4 m
(DamuëytÅ, 2011). The pol len di a gram (Fig. 5) shows a dis tinct
peak in the Polypodiales spore curve at these ho ri zons, to -
gether with an oc cur rence of Typha pol len, a plant of aquatic
hab i tats. There was also a cer tain amount of poorly pre served
Alnus pol len in the peat ho ri zons that matches the up per part of
LPAZ 4, while the to tal amount of Alnus pol len de creased
abruptly for a short time. These ob ser va tions may sug gest that
there was a short-term in un da tion of the ter ri tory.

As noted ear lier (Bitinas et al., 2002), the pro cess of
peatland de vel op ment dis tinctly in ten si fied in this re gion dur ing
the re gres sion of the Littorina Sea be tween the sec ond and
third trans gres sions (7,000–4,700 cal. yr BP). Nev er the less,
the peat ac cu mu la tion rate re mained rather low –
0.4–0.5 mm/yr (Fig. 3), prob a bly due to the si mul ta neous rapid
de com po si tion of the peat in re sponse to the milder cli mate and
higher ground wa ter ta ble, which im peded the tran si tion of the
mire into a raised bog. In this con text, it is more ap pro pri ate to
use the term “mire for ma tion” rather than “bog de vel op ment” as
used in Bitinas et al. (2002), since the mires in this re gion re -
mained at the fen stage, with the flora in clud ing Carex
lasiocarpa, up to the be gin ning of the Subatlantic chronozone
(2,300 cal. yr BP for Koz’ye Bog). It was only af ter this that the
rapid de vel op ment of raised bogs be gan (Napreenko-
Dorokhova et al., 2017; Napreenko-Dorokhova and Napre -
enko, 2018). De cid u ous for ests of the nemoral as sem blage
were dom i nant in the sur round ing ar eas dur ing the At lan tic and
the first half of the Subboreal chronozone. As we re ported ear -
lier (Napreenko-Dorokhova, 2015; Napreenko-Dorokhova et
al., 2017), the cli ma tic con di tions dur ing the ini tial half of the
Subboreal chronozone (5,700–4,000 cal. yr BP), es pe cially in
the coastal ar eas, were sim i lar to those in the At lan tic
chronozone. This be came an im por tant fac tor which pro moted
the ex is tence of de cid u ous for ests in the area. Nev er the less,
the pol len di a gram (Fig. 5) shows an ev i dent in crease in the
per cent age of spruce (Picea) pol len in the up per part of LPAZ 4. 
The first half of the Subboreal chronozone is con sid ered to be a
pe riod when the for ests were un der go ing grad ual re struc tur ing,
in short, there was a tran si tion from de cid u ous broadleaf for ests 
into spruce-broadleaf com mu ni ties in the study re gion, re sult ing 
in the for ma tion of a spe cific zonal veg e ta tion type which was a
char ac ter is tic fea ture of the South east ern Bal tic Re gion dur ing
the Late Ho lo cene and re mains so un til this day (Napreenko
and Napreenko-Dorokhova, 2020).

The late Subboreal, 3,500–2,700 cal. yr BP (within
LPAZ 5): a short-term in un da tion, the ex pan sion of al der
carrs. Ac cord ing to the pub lished data (Steffen, 1931;
Neustadt, 1957; Usinger, 1975; Göttlich, 1990; Lang, 1994;
Lata³owa and Knapp, 2006; Giesecke et al., 2017; Novenko et
al., 2018), the Subboreal chronozone was a time when the
range of spruce was ex pand ing, spread ing from East ern Eu -
rope; at the same time, beech for ests be came widely dis trib -
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Fig. 6. Sum mary chart in di cat ing the main Late Glacial and Ho lo cene en vi ron men tal vari a tions in the Koz’ye Bog area

Explanations as in Figure 5; the chronozones of the Blytt-Sernander clas si fi ca tion are given af ter Khotinsky (1977) and Mangerud et al. (1982)



uted in coastal re gions. The pol len di a gram (Fig. 5) shows that
beech (Fagus) did not spread in the study area, while spruce
(Picea) was in creas ing through out the ter ri tory of the north ern
part of the Lower Neman low land. There fore, it may be as -
sumed that spruce-broadleaf for ests were com mon here dur ing
the fi nal half of the Subboreal chronozone. Their struc ture was
sim i lar to the pres ent-day broadleaf-co ni fer for ests typ i cal of the 
cen tral part of the Kaliningrad Re gion which con tain spruce and
oak in the main can opy and an understorey of horn beam and
ha zel (Napreenko and Napreenko-Dorokhova, 2020).

At the same time, black al der (Alnus glutinosa) reached its
max i mal dis tri bu tion in the area; this was pre sum ably caused by 
the high ground wa ter ta ble and storm surges which may have
led to in un da tion of the ter ri tory. This fac tor, in turn, ac cel er ated
the mire for ma tion pro cess in this land scape area, hav ing fa cil i -
tated a wide dis tri bu tion of the al der carr eco sys tems. These
hab i tats are a dis tinc tive land scape fea ture of the Neman Delta
area.

Ac cord ing to the car to graphic re con struc tions (DamuëytÅ,
2011; Kublitsky, 2016), part of the study area re mained sub -
merged by the wa ters of a shal low, 1–2 m deep, la goon of the
Post-Littorina Sea that was in a stage of trans gres sion
(3,700–2,400 cal. yr BP). DamuëytÅ (2011) re ported that the
shore line was sev eral kilo metres east of Koz’ye Bog, though
the data from our in ves ti ga tions does not re veal any traces of
peat bed sub mer gence. As can be seen from the com po si tion
of plant macrofossils in the peat sam ples (Fig. 4, stage IV), by
that time, the pri mary mire ket tle con tained an al ready thick bed
of peat de pos its (~3 m), on which a tran si tion mire started to
form (Menyanthes, bark of Pinus). There was a change from
Carex peat to lig ne ous peat with Phragmites, while the rate of
peat ac cu mu la tion in creased slightly to 0.5 mm/year (Figs. 2
and 4) in the up per half of the pol len zone.

The Subatlantic chronozone, 2,700–250 cal. yr BP
(within LPAZ 6): spruce-broadleaf for est de vel op ment,
deltaic land scape for ma tion. The pat tern of the pol len spec -
tra within LPAZ 6 in di cates that wet al der com mu ni ties and
broadleaf-co nif er ous for ests were widely dis trib uted and were,
in spite of their struc tural changes, char ac ter ised by var ied spe -
cies com po si tions. On the whole, the veg e ta tion is sim i lar to
that of the pre vi ous pol len zone. The sites at higher lo ca tions
were dom i nated by mixed spruce-broadleaf com mu ni ties,
which are still com mon through out the en tire south east ern Bal -
tic re gion (Leontiev, 1955). How ever, when com pared with the
pre vi ous pol len zone, the com po si tion of these for ests were
changed to some ex tent since horn beam (Carpinus) be came
more sig nif i cant in this pol len zone, ap par ently, due to a de cline
of the role of other broadleaf spe cies.

There was an ex ten sive for ma tion of bogs and an in crease
in the per cent age of ericaceous pol len (Ericaceae incl. Calluna)
and the for ma tion of the Sphag num fuscum peat type (Fig. 5)
which in di cates that the mire was en ter ing the raised bog stage.
The peat ac cu mu la tion rate re mained rather high (up to
1.6 mm/yr), and the Sphag num peat lay ers ex ceeded the edges 
in some mire ket tles and merged to form a wider bog de vel op -
ment, hav ing formed a new nat u ral el e va tion within the sur -
round ing low land land scape (Fig. 2).

At the same time, the shore line of the Post-Littorina Sea re -
treated grad u ally, hav ing reached its cur rent po si tion
(DamuëytÅ, 2011). In the mid dle of the Subatlantic chronozone
(1,100–1,000 cal. yr BP), dif fer ent al lu vial pro cesses started to
sculpt the pres ent-day to pog ra phy of the delta (Bitinas et al.,
2002), lead ing to the de vel op ment of a land scape of coastal
deltaic low lands formed by al lu vial and mire de pos its. Wet al der
carrs and large mires were the dom i nant eco sys tems in this

land scape across large ar eas. The scat tered crests of an cient
mo raines and old dunes were oc cu pied by spruce-broadleaf
and pine for ests.

The lat est Subatlantic chronozone, ~250 cal. yr BP to
the pres ent (within LPAZ 7): hu man-in duced land scape
shifts. Since the sec ond half of the XVIII cen tury, sub stan tial
vegetational shifts, in duced by anthropogenic im pact, oc curred
both in the north ern and south ern parts of the Neman Delta
(Napreenko-Dorokhova and Napreenko, 2018). Ex ten sive land
use and clear-cut ting re sulted in a sub stan tial loss of broadleaf
and spruce-broadleaf for ests and, at the same time, caused an
in crease in ag ri cul tural ar eas and synanthropic hab i tats, as well 
as sec ond ary pine and birch stands, in both ter ri to ries.

In sum mary, as shown in the pol len di a gram for Koz’ye Bog, 
there is a clear trend of de cline in the per cent age of Pinus pol -
len from the Late Gla cial to the Late Ho lo cene, and a si mul ta -
neous in crease in the per cent age of Alnus pol len. The course of 
the pol len curves il lus trates that a struc tural change in the veg e -
ta tion cover of this land scape area oc curred, whereby the dom i -
nant pine for ests were re placed by black al der carrs. We be -
lieve that this trans for ma tion was a re sponse not only to
changes in the cli mate but also to geomorphological trans for -
ma tions in the land scape struc ture of the ter ri tory, in par tic u lar,
due to the ero sion of the hilly coastal ter race caused by trans -
gres sion dur ing the for ma tion of the Bal tic. This led to a for ma -
tion of a low coastal plain, the Lower Neman low land. These
find ings are suf fi ciently cor rob o rated by data on the Bal tic trans -
gres sions (Bitinas et al., 2002; DamuëytÅ, 2011).

Most of the Sphag num peat was formed no later than dur ing 
the last 2,300 years (see also the age-depth model and
macrofossil di a gram, Figs. 3 and 4). This shows that Koz’ye
Bog is, in gen eral, a rel a tively young geo log i cal ob ject. The de -
vel op ment of the mire took place dur ing a long pe riod of iso -
lated ket tles where the for ma tion of the mires may have had dif -
fer ent or i gins and, as can be de duced from the cross-sec tion
(Fig. 2), dif fer ent courses of veg e ta tion change. The for ma tion
of the en tire mire sys tem be gan only dur ing the pe riod when
Sphag num-dom i nated com mu ni ties were rap idly dis trib uted in
the Late Ho lo cene, when peat de pos its in the sep a rate ket tles
merged and formed an en tire peat bed that be came the ba sis of 
the large raised bog.

CONCLUSIONS

Our as sess ment of the data has en abled us to iden tify the
gen eral course of en vi ron men tal de vel op ment in the re gion of
the pres ent-day Lower Neman low land dur ing the Late Gla cial
and the Ho lo cene.

1. Dur ing the Youn ger Dryas, Preboreal and Bo real
chronozones (12,200–8,800 cal. yr BP), the gen eral land scape
to pog ra phy was rep re sented by a flat sandy ter race of the Bal tic 
Ice Lake, and then the Yoldia Sea and Ancylus Lake, with nu -
mer ous dunes and small terrestrialised pools in inter-mound
de pres sions. A vegetational tran si tion from cryophilic tun -
dra-like sparse com mu ni ties to pine and birch for ests oc curred
in the late Bo real time (9,700–8,700 cal. yr BP), with a tem po ral
de lay of »1000–2000 years. The per sis tence of se vere en vi ron -
ments and cryophilic veg e ta tion may per haps be ex plained by
some re gional pat terns of cli mate de vel op ment, the coastal lo -
ca tion of the ter ri tory and its top o graphic pe cu liar i ties. Nev er -
the less, this ques tion needs fur ther study.

2. Three trans gres sion events oc curred dur ing a pe riod
from the late Bo real to the late At lan tic chronozones
(8,800–6,400 cal. yr BP). The fi nal stage of the Ancylus trans -

Maxim Napreenko et al. / Geo log i cal Quar terly, 2021, 65: 32 13

https://gq.pgi.gov.pl/article/view/7280
https://gq.pgi.gov.pl/article/view/7280


gres sion (9,000–8,300 cal. yr BP) and the en tirety of the first
Littorina trans gres sion (8,300–8,000 cal. yr BP), did not lead to
a rise in the sea level above the pres ent-day shore line po si tion,
whereas the sec ond Littorina trans gres sion (7,500–7,000 cal.
yr BP) led to the in un da tion of a vast area.

The cli ma tic en vi ron ments were pre sum ably char ac ter ised
by cooler con di tions with grad u ally in creas ing mean an nual
tem per a tures. Pine for ests were pre dom i nant. The first
broadleaf com mu ni ties, in dic a tive of milder cli ma tic con di tions,
oc curred here later than in other parts of the south east ern Bal tic 
Re gion by 1,000–2,000 years. The pos si ble sub mer gence of
the ter ri tory and the re gional cli mate de vel op ment pat tern are to 
be con sid ered among the causes of this de lay. Al der carrs
started to de velop whilst mires in the inter-mound ket tles were
rep re sented by Phragmites-dom i nant com mu ni ties.

3. The ex pan sion of nemoral de cid u ous for ests was re -
corded dur ing the At lan tic and the early Subboreal
chronozones (6,400–3,500 cal. yr BP). They were dom i nant on
interfluve sites, while al der carrs oc cu pied top o graphic de pres -
sions. Dur ing the third Littorina trans gres sion (4,700–4,100 cal.
yr BP), it is very likely that the the coast line came close to the
west ern bound ary of Koz’ye Bog.

4. The late Subboreal chronozone (3,500–2,700 cal. yr BP)
saw the Post-Littorina trans gres sion (3,700–2,400 cal. yr BP)
which might have led to a brief in un da tion of the ter ri tory. The
high ground wa ter ta ble and storm surge events en cour aged the 
wide spread dis tri bu tion of al der carr hab i tats which be came
char ac ter is tic of this land scape area. The for ma tion of
spruce-broadleaf for ests be gan and large mire eco sys tems ac -
cu mu lated sub stan tial peat de pos its which pre vented their
flood ing with la goon wa ters and en abled them to en ter the
stage of tran si tion mires.

5. Dur ing the Subatlantic chronozone (2,700–250 cal. yr
BP), al der carrs were still wide spread, though a fur ther ex pan -
sion of mixed spruce-broadleaf for ests oc curred. How ever,

horn beam played a more sig nif i cant role in the struc ture of
these for ests than it did pre vi ously. Large mires en tered the
raised bog stage and merged into en tire bog mas sifs; this in di -
cates a high rate of Sphag num peat ac cu mu la tion (up to
1.6 mm/yr).

6. There were vegetational shifts and land scape trans for -
ma tions in duced by con sid er able hu man im pact in the lat est
Subatlantic chronozone (since the XVIII cen tury).

7. The de vel op ment of veg e ta tion in the study area can be
di vided into four main stages: (1) cryophilic tun dra-like veg e ta -
tion in the Late Gla cial and Early Ho lo cene; (2) the dom i nance
of pine for ests at the be gin ning of the mid-Ho lo cene; (3) the ex -
pan sion of nemoral de cid u ous for ests (Quercetum mixtum) and 
al der carrs in the mid-Ho lo cene; (4) the dom i nance of al der
carrs and spruce-broadleaf for ests dur ing the Late Ho lo cene.

The first two stages were re lated to the hilly land scape of the 
coastal ter race, but the to pog ra phy changed sig nif i cantly af ter
the trans gres sions of the Littorina Sea. This led to in un da tion of
the area and ero sion of the pre vi ous morainic re lief. The ter ri -
tory be came a flat coastal low land with sep a rate small el e va -
tions which en cour aged the wide spread ex pan sion of wet land
eco sys tems in this area.
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