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Palaeo bio logi cal data, sup ple mented by new 14C dates in con junc tion with palaeobotanical and lithological in for ma tion, have 
al lowed re con struc tion of Mid dle Weichselian (MIS 3) en vi ron men tal fluc tu a tions in the south ern East ern Bal tic re gion.
Palaeoenvironmental re con struc tions im ply ing non-gla cial con di tions dur ing the Mid dle Weichselian (MIS 3) are sup ported
by the spa tial and tem po ral con text of re cently dis cov ered re mains of Mammuthus primigenius Blumenbach and Rangifer
tarandus Linnaeus, 1758. Re cord ing both cold and warm cli ma tic re ver sals of MIS 3, rep re sen ta tives of the megafauna
thrived in an en vi ron ment char ac ter ized by a het er o ge ne ity of veg e ta tion and cli mate. 14C dat ing shows that the ma jor ity of
the megafaunal re mains ana lysed rep re sent the 38–45 cal kyr BP time-in ter val, which cor re lates with the Nemunas 2c cold
in ter val (cryomer), and the 31–34 cal kyr BP or Mickñnai 3 thermomer. From pol len data, the palaeovegetation pat tern var ied 
from tree-less tun dra to birch-pre dom i nat ing for est with an ad mix ture of tem po ral tree spe cies pro vid ing ad di tional in for ma -
tion about the diet and hab i tat pref er ences of these her bi vores in the con text of the MIS 3 cli ma tic events. 

Key words: Mammuthus primigenius Blumenbach, Rangifer tarandus Linnaeus, 1758, 14C, en vi ron men tal dy nam ics, Mid dle
Weichselian, Lith u a nia.

INTRODUCTION

Many multi-proxy stud ies dem on strate that the Mid dle
Weichselian may be de scribed as a mul ti fac eted time that in -
cluded in ter vals of cold and warm cli mate char ac ter ized by
chang ing palaeoenvironmental sit u a tions across ex ten sive re -
gions of the Eu ro pean con ti nent (Ganopolski and Rahmstorf,
2001; Svendsen et al., 2004; Sánchez GoÔi et al., 2008). In
gen eral, the tran si tion from the Early to the Mid dle Weichselian
and the Mid dle Weichselian it self (OIS 4–3) are the most prob -
lem atic and dis puted time in ter vals of the Late Pleis to cene. So

far, the most pro nounced vari a tions in the Mid dle Weichselian
palaeoclimatic and palaeoenvironmental re gime have been re -
corded in re gions which were later in flu enced di rectly by the last 
Scan di na vian Ice Sheet (SIS) (Bitinas, 2011; Lasberg, 2014).
Thus, the south east ern Bal tic ter ri tory, cov ered by SIS dur ing
the later stages of the Qua ter nary Pe riod, dem on strates great
po ten tial for re con struct ing the en vi ron men tal dy nam ics of the
Mid dle Weichselian in this part of Eu rope.

The spa tial ex tent and chro nol ogy of the Mid dle Weichse -
lian gla cial ad vances (Lunkka et al., 2001; Mangerud, 2004;
Marks, 2004, 2012; Kalm, 2006; Satkñnas et al., 2009), along
with the char ac ter of palaeoenvironmental changes noted at the 
OIS 5–OIS 4 tran si tion, are es pe cially con ten tious in the East -
ern Bal tic and neigh bour ing ter ri to ries. For in stance, ev i dence
of an early Mid dle Weichselian gla cial event (OIS 4) was re -
corded in the cen tral part of the Fennoscandian Ice Sheet
(Hitura pit, Ostrobothnia) (Salonen et al., 2008). It is thought
that the en tirely ice-free Early Weichselian (79 cal kyr BP) was
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fol lowed by a cli ma tic de te ri o ra tion dur ing OIS 4 in the area.
The sub se quent deglaciation was dated to 55–62 cal kyr BP
(Salonen et al., 2008). The sed i men tary suc ces sion at Ruunaa
in di cates a Mid dle Weichselian gla cial event be fore 52 cal kyr
BP and an ice-free in ter val be tween 25–50 cal kyr BP in East -
ern Fin land (Lunkka et al., 2008). Zelès and Markots (2004)
pro posed pos si ble early Mid dle Weichselian gla ci ation in west -
ern Lat via (the so-called “Talsi Stadial”) be tween 59 and 74 cal
kyr BP Later, the “Talsi Stadial” was placed be tween 54–68 cal
kyr BP (Zelès et al., 2011). In west Lith u a nia, a till bed 5.5 m
thick was rec og nized be tween two sandy suc ces sions of ma -
rine or i gin that were dated by the op ti cally stim u lated lu mi nes -
cence (OSL) method. The over ly ing sandy bed was dated be -
tween 43.7 ±4.0 and 48.8 ±6.2 cal kyr BP and the un der ly ing
one to 83.6 ±6.7–113.1 ±8.5 cal kyr BP (DamušytÅ et al., 2011). 
This till bed may be cor re lated with the Schalkholz (Nemunas
2a) stadial, geochronologically lo cated be tween 59–74 cal kyr
BP (Satkñnas and GrigienÅ, 2012). Es to nia was ice-free at
least be tween 26.8–43.2 cal kyr BP, ac cord ing to 14C and OSL
data (Kalm, 2006). The in ferred time in ter val of the early Mid dle
Weichselian gla ci ation was placed be tween 44–68 cal kyr BP in 
Es to nia (Kalm et al., 2011). In sum mary, gla cial de pos its at trib -
uted to the Mid dle Weichselian have been re ported from south -
ern Fin land (Nenonen, 1995), Es to nia (Liiv rand, 1991), Po land
(Marks, 2004, 2012), Den mark (Houmark- Niel sen, 2004, 2011) 
and west Lith u a nia (DamušytÅ et al., 2011).

How ever, these gla cial ep i sodes are chal lenged by data
that sug gest ice-free and warm con di tions across the ma jor part 
of east ern Fennoscandia in early MIS 3, i.e. around 53 cal kyr
BP (Helmens and Engels, 2010). 14C dates of bi o log i cal ma te -
rial sug gest that there was a large ice-free area in Fenno -
scandia dur ing the Mid dle Weichselian, from ~44 to ~22.5 cal
kyr BP (Ukkonen et al., 1999, 2007). Fur ther more, there is an
in creas ing num ber of palaeoclimatological, litholo gical, bio -
strati graphical, phys i cal, and other datasets in di cat ing ice-free
con di tions dur ing the en tire Mid dle Weichselian in the East ern
Bal tic (Molodkov et al., 2007, 2010; Satkñnas et al., 2009;
Rattas et al., 2010; Saks et al., 2012; Lasberg, 2014; Lamsters
et al., 2017). Along side the geo log i cal, lithological, iso to pic and
other data, the re mains of ter res trial megafauna serve as a
valu able proxy for both qual i ta tive and quan ti ta tive re con struc -
tions of the palaeoenvironmental sit u a tion, in clud ing the gla ci -
ation his tory, dur ing the pre-LGM in this part of Eu rope (Stu art
et al., 2002, 2004; Arppe and Karhu, 2010; Ukkonen et al.,
2011; Arppe et al., 2011; Stu art and Lis ter, 2012). As none of

the pre vi ous in ves ti ga tions con ducted in Lith u a nia have pro -
vided in te grated anal y sis of palaeo bio logi cal, sedimentological,
palaeobotanical and iso to pic (14C) data re quired for palaeo -
environmental re con struc tion of the Mid dle Weichselian, our
pub li ca tion en com passes:

–  in ter pre ta tion of new 14C data of megafaunal re mains in the
palaeoenvironmental con text of the Mid dle Weichselian;

– re lat ing the changes iden ti fied to re gional and global cli mate 
fluc tu a tions.

CHRONOSTRATIGRAPHIC SETTING

Geo log i cal re cords of Early-Mid dle Weichselian (OIS 5a-2)
age, in clud ing flu vial, limnic, and biogenic de pos its, have been
dis cov ered in the SE Bal tic re gion (Ta ble 1) (Gaigalas, 1997;
Molodkov et al., 2007; Rattas et al., 2010; Saks et al., 2012;
Lamsters et al., 2017), in clud ing in Lith u a nia (Fig. 1 and Ta ble
2). Two sed i men tary se quences, at Jonionys and Mickñnai
(Fig. 1, Nos. 23 and 25) have been in di cated as stratotypes for
con struct ing the chronostratigraphic scheme of the Early-Mid -
dle Weichselian in Lith u a nia (Satkñnas and GrigienÅ, 2012).
These sed i men tary se quences, pro vid ing com pre hen sive
palaeo environmental in for ma tion, are in ter preted as hav ing
formed in shal low palaeolakes or lac us trine sys tems. Based on
lithological and palaeobotanical re cords as well as OSL and 14C 
data, the se quences ana lysed have been ten ta tively sub di vided 
into thermomers (pe ri ods with rel a tively warm cli mate) and
cryomers (time in ter vals with a colder cli ma tic re gime) (Satkñ -
nas and GrigienÅ, 2012). Al to gether, six thermomers and six
cryomers named af ter the Mickñnai and Jonionys strato types
de ter mine the chronostratigraphy of the Early-Mid dle Weichse -
lian in the area (Ta ble 2). Mickñnai 3, Jonionys 3, and Jonionys
2 have been cor re lated with biostratigraphic units iden ti fied in
Cen tral Eu rope (Behre, 1989) while oth ers rep re sent the East -
ern Bal tic re gion ex clu sively (Satkñnas and GrigienÅ, 2012). 

PALAEOBOTANICAL AND PALAEOCLIMATIC
INSIGHTS 

Pol len and plant macrofossils are the prin ci pal sources for
dis cus sion of the palaeoenvironmental and palaeoclimatic dy -
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T a  b l e  1

Early-Mid dle Weichselian sites re veal ing pe ri ods of ice-free con di tions
 in the Bal tic and ad ja cent ar eas

Site, re gion Chro no log i cal in ter val
[cal kyr BP] Ref er ence

Kileshino, 
Valdaj Up land, Rus sia 72–34  Lasberg (2014)

Ruunaa, E Fin land 50–25 Lunkka et al. (2008)

Voka, NE Es to nia 35–32 Molodkov et al. (2007)

Arumetsa, SW Es to nia 44–37  Rattas et al. (2010) 

Es to nia 43–27 Kalm (2006)

W Lat via 52–25  Saks et al. (2012)

Cen tral Lat via 117–24 (Early and
Mid dle Weichselian) Lamsters et al. (2017)

Šventoji, W Lith u a nia 49–44  DamuëytÅ et al. (2011)

Rokai, C Lith u a nia 63–32 Gaigalas and Hütt (1996)

Svirkanèiai, NW Lith u a nia 55–33 Satkñnas et al. (2013)
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nam ics of the Late Pleis to cene in the area (KondratienÅ, 1996;
Satkñnas et al., 1998, 2003, 2009, 2013; Satkñnas and Gri gienÅ, 
2012). The pub lished data en able a brief over view (Ta ble 3).

Ex ist ing biostratigraphical re cords (KondratienÅ, 1996;
Satkñnas et al., 2013) sug gest the flour ish ing of sparse bo real
for est with pine-spruce-birch dur ing the Jonionys 2 Interstadial,
and this has been ten ta tively cor re lated with Odderade Inter -
stadial (74–85 cal kyr BP, sensu Behre, 1989), i.e. the time-in -
ter val pre ced ing the Mid dle Weichselian (Ta ble 3). The oc cur -
rence of Larix and de cid u ous taxa, in clud ing Corylus and Car -
pinus, along side the broad-leaved spe cies Tilia and Quercus,
points to a mild and wet cli ma tic re gime. 

Al ter na tions of veg e ta tion struc ture in di cat ing cold and
warm cli ma tic in ter vals were typ i cal of the Mid dle Weichselian in 
this part of Eu rope (Helmens et al., 2000; Satkñnas et al., 2009;
Helmens and Engels, 2010). In Lith u a nia, the palaeo botanical
data point to the gen eral thin ning of veg e ta tion i.e. in creas ing
rep re sen ta tion of non-ar bo real (NAP) taxa (Astera ceae, Ar te -
mi sia, Chenopodiaceae, Cyperaceae) at the on set of the Mid -
dle Weichselian. Chro no log i cally, that co in cides with the lower
limit of the Nemunas 2a cryomer dated to 60–74 cal kyr BP (Ta -
ble 3). Si mul ta neously, the num ber of ar bo real (AP) taxa, both
de cid u ous and co nif er ous, de creased, re flect ing thin ning of the
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Coelodonta antiquitatis

Mammuthus primigenius

Rangifer tarandus

  geological sections (see Table  2)

Fig. 1. Dis tri bu tion of the dated megafaunal spec i mens and geo log i cal sites

T a  b l e  2

Geo log i cal type lo cal i ties of MIS 3 age in Lith u a nia

No. Lo cal ity Co or di nates
(WGS)

Strati graphic unit and chro no log i cal
in ter val Ref er ences

23 Jonionys 54.158998; 24.117563
Early–Mid dle Weichselian

117–24 cal kyr BP
KondratienÅ (1996), 

Satkñnas et al. (1998)

24 Medininkai 54.550405; 25.619771
Early–Mid dle Weichselian

117–24 cal kyr BP
Satkñnas et al. (2003)

25 Mickñnai 54.728446; 25.545516
Mid dle Weichselian

74–24 cal kyr BP
Satkñnas and GrigienÅ (2012)

26 Smalvos 55.654882; 26.406353
Mid dle Weichselian

74–24 cal kyr BP
Satkñnas et al. (1997)

27 Dysnai 55.466665; 26.287875
Mid dle Weichselian

74–24 cal kyr BP
Satkñnas et al. (1997)

28 Rokai 54.847241; 23.934653
Mid dle Weichselian

74–24 cal kyr BP
Gaigalas and Hütt (1996)

29 Purviai 56.204287; 22.63904
Mid dle Weichselian

74–24 cal kyr BP
Satkñnas et al. (2009)

30 Svirkanèiai 56.180625; 22.529325
Early–Mid dle Weichselian

117–24 cal kyr BP
Satkñnas et al. (2013)
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for est cover and the for ma tion of open tree-less tun dra or a
sparse for est-tun dra land scape. 

The palaeobotanical re cords then sug gest re cov ery of ar -
bo real taxa in clud ing both de cid u ous (Betula, Alnus) and co nif -
er ous (Picea) spe cies dur ing the Jonionys 3 Interstadial (49–60
cal kyr BP). While some open hab i tats with Betula nana and

other light-de mand ing taxa were pres ent in the area, sta bili sa -
tion of the soil layer started. Cor re lated with the Oerel Inter -
stadial (Satkñnas et al., 1998) this time-in ter val in di cates cli ma -
tic ame lio ra tion in gen eral. 

Sub se quently in the palaeoenvironmental his tory, a gen eral 
thin ning of the veg e ta tion took place dur ing the Nemunas 2b
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T a  b l e  3

Periodization of the Mid dle Weichselian (MIS 3) chronozones in Lith u a nia (Satkñnas and GrigienÅ, 2012) 
with a gen er al ized over view of lithological and pol len data

Thermomer/
Cryomer

Time 
[kyr BP]

Type lo cal ity, 
sec tion Pol len data with in di ca tion of land scape struc ture

Mickñnai 4 26–28
Mickñnai 184 P

Rokantai

The AP with 70% of the to tal pol len sum is char ac ter ized by pre dom i nance of Betula while 
par tic i pa tion of Betula nana in creased con sid er ably (up to 18%). NAP con sists of

Cyperaceae, Poaceae and Ar te mi sia, pre dom i nantly. 
An open land scape with sparse birch.

Nemunas 2e 28–31
Mickñnai 184 P

Rokantai

The pol len fre quency is very low through out the in ter val. Though Betula and Alnus 
pre dom i nate among AP (50% of the to tal pol len sum), Asteraceae, Ar te mi sia 

and Chenopodiaceae are the best rep re sent among NAP. 

Tun dra land scape.

Mickñnai 3
(Denekamp
Interstadial)

31–35

Purviai 

Medininkai 117P

Mickñnai 184 P 

Rokantai

PopierinÅ 

Gaidñnai

Betula plays the lead ing role among AP and the value of NAP (19%) 
is con sid er ably low through out the in ter val.

A sparse birch for est.

Nemunas 2d 35–36

Purviai

Medininkai 117P

Mickñnai 184 P

Rokantai

PopierinÅ

Gaidñnai

The pol len re cord is very scarce sug gest ing the NAP (53%) taxa as pre dom i nat ing.
Poaceae is pre vail ing and Cyperaceae to gether with Ar te mi sia pre sented

 in large num bers. 

Cold steppe land scape.

Mickñnai 2 36–38

Medininkai 117P

Mickñnai 184 P

Rokantai

PopierinÅ 

Gaidñnai

The num ber of AP (66%) slightly in creases with Pinus as pre dom i nat ing taxa while NAP
 is dom i nant by the Cyperaceae. 

An open land scape with sparse mixed pine – birch for est. 

Nemunas 2c 38–44

Medininkai 117P

Mickñnai 184 P

Rokantai

PopierinÅ

Gaidñnai

Pol len re cord proves the flour ish ing of NAP taxa con sti tut ing up to 70%. Cyperaceae
clearly pre dom i nates and per cent age val ues of Ar te mi sia, Ranunculaceae,

Chenopodiaceae and Helianthemum in crease in di cat ing open ing 
of the land scape struc ture. 

Mickñnai 1 44–47

Mickñnai 184 P

Rokantai

PopierinÅ

Gaidñnai

Alnus plays a lead ing role in the be gin ning of the interstadial while Pinus var ies be tween
30 and 60% and the num ber of Betula is low. Cyperaceae and Ar te mi sia are dom i nant

among NAP (46%). North-bo real meso phytes are rep re sent by Selaginella selaginoides
and Botrychium boreale. 

The sparse north ern bo real for est.

Nemunas 2b 47–49
Jonionys 

Gaidñnai

The tree pol len low ered to 60% and Pinus to gether with Alnus and Betula pre dom i nate.
NAP group is rep re sented by Cyperaceae and Poaceae pre dom i nantly.
The light-de mand ing plants, e.g. Caryophyllaceae, Ar te mi sia, Armeria, 

Plantaginaceae and Botrychium spores were noted.

An open tree-less land scape.

Jonionys 3
(Oerel

Interstadial)
49–60

Jonionys 

Gaidñnai 

Rokantai

Svirkanèiai

High rep re sen ta tion of AP pol len (up to 90%) with Betula and Alnus as pre dom i nat ing taxa
 is typ i cal for the Interstadial. While NAP pol len are rep re sented by Cyperaceae, Poaceae, 

Ar te mi sia and Chenopodiaceae mainly. 

Scarce bo real for est.

Nemunas 2a 60-74

Jonionys

Medininkai 117P

Mickñnai 184 P

Gaidñnai

The num ber of AP var ies around 60% and Betula to gether with Pinus play ing 
the lead ing role. Cyperaceae flour ishes among NAP. An open birch for est.

Jonionys 2
(Odderade) 74–85

Gaidñnai

Jonionys

Medininkai 117P

The value of AP pol len reaches up to 95% and Pinus is pre dom i nat ing. Also, Alnus is 
rep re sented by high fre quen cies. The pol len of larch (Larix) and Calluna as well as spores 

of Selaginella selaginoides are noted. 

Bo real for est with pine, birch and ad mix ture of spruce.

https://doi.org/10.6001/geologija.v54i2.2482


cold in ter val (47–49 cal kyr BP). At that time Pinus and Betula
were pres ent at the re gional scale only. More over, the in creas -
ing rep re sen ta tion of non-ar bo real taxa, in clud ing Cyperaceae
and Poaceae, was ac com pa nied by many pi o neer spe cies in
the area. 

This cli ma tic de te ri o ra tion was fol lowed by cli ma tic warm ing 
that started af ter 47 cal kyr BP on ward. Named the Mickñnai 1
thermomer and char ac ter ized by the flour ish ing of open north -
ern bo real veg e ta tion, it lasted un til 44 cal kyr BP. At that time,
thermophilous taxa dis ap peared, in di cat ing gen eral cli ma tic de -
te ri o ra tion and the pre dom i nance of a wet and rel a tively cold cli -
ma tic re gime. Only scat tered stands of Pinus, Betula and Alnus
sur vived in the area.

On go ing open ing of the veg e ta tion char ac ter ized the cold
Nemunas 2c in ter val (38–44 cal kyr BP) (Ta ble 3). In the pol len
spec tra NAP taxa take over, re flect ing a con sid er able in crease
in their va ri ety, while the num ber of AP pol len de creased re -
mark ably. Herbs and grasses pre dom i nated, form ing a rich
cover. Fur ther more, up to 80% of NAP taxa con sisted of pi o -
neer spe cies and light-de mand ing taxa sug gest ing a se vere cli -
ma tic re gime with low hu mid ity, un sta ble soils, and in tense re -
work ing pro cesses. 

Af ter 38 cal kyr BP, i.e. at the on set of the Mickñnai 2
thermomer (36–38 cal kyr BP), a brief re cov ery of the veg e ta -
tion started. First of all, the re corded num ber of Pinus pol len (up 
to 30%), in di cates the sparse pres ence of this taxon, sug gest -
ing for ma tion of open for est-tun dra veg e ta tion in the area. At
the same time, par tic i pa tion of the de cid u ous taxa in the pol len
spec tra points to some cli ma tic ame lio ra tion, while the high par -
tic i pa tion of Cyperaceae sug gests the for ma tion of wet ter rain.

A cli ma tic cli ma tic de te ri o ra tion, named the Nemunas 2d
cryomer (35–36 cal kyr BP), was re corded be tween the
Mickñnai 2 and 3 thermomers. The pol len spec tra show a pre -
dom i nance of Poaceae, Cyperaceae, Asteraceae, Ar te mi sia
and other NAP re flect ing the for ma tion of open wet hab i tats and 
ni tro gen-rich soil in the area. As the num ber of AP pol len are
neg li gi ble in spec tra, a harsh cli ma tic re gime and pre dom i -
nance of open poor land scape with tun dra veg e ta tion can be
de duced. 

This was fol lowed by ame lio ra tion in di cated by the palaeo -
botanical data. Flour ish ing of birch-pre dom i nat ing light for est
with a few non-ar bo real taxa, a lack of open hab i tats and the
for ma tion of a sta ble soil layer was typ i cal of the Mickñnai 3
thermomer, cor re lated with the Denekamp Interstadial and
dated to 31–35 cal kyr BP. Fur ther more, the oc cur rence of al der 
sug gests in creas ing wet ness. Thus, a cool bo real en vi ron ment
was typ i cal of the re gion at that time. 

The ep i sodic ap pear ance of palaeobotanical data in di cat ing 
one more neg a tive cli ma tic re ver sal – the Nemunas 2e cryomer 
(28–31 cal kyr BP) – sug gests the prob a ble lo cal scale of this
event. How ever, low pol len fre quency makes char ac teri sa tion
of the veg e ta tion pat tern of this in ter val dif fi cult (Ta ble 3). Nev -
er the less, based on the avail able date, we may in fer a brief and
sud den de cay of the bo real for est and the for ma tion of open
tun dra veg e ta tion. 

Re cov ery of the open birch-pre dom i nat ing for est with high
par tic i pa tion of Betula nana points out to a prev a lence of bo real
con di tions dur ing the Mickñnai 4 thermomer (26–28 cal kyr BP)
in the area that ex pe ri enced the Nemunas 2e cryomer. 

MATERIALS AND METHODS

MEGAFAUNAL MATERIAL

Dur ing this pro ject, six new macrofossils were ana lysed by
the 14C (AMS) tech nique. 

In the vil lage of Šnaukštai in west ern Lith u a nia  (Fig. 1 and
Ta ble 4, No. 1), an ant ler of Rangifer tarandus was found at the
bot tom of a gravel quarry, at a depth of ~4.5–5.5 m. Ac cu mu la -
tion of the grav elly beds, over lain by fine and very fined-grained
or even clayey sand, took place by re work ing of the Late
Weichselian (Nemunas) Gla ci ation de pos its, with sub se quent
trans por ta tion of the terrigenous mat ter and its de po si tion on a
glaciofluvial delta. To day this ter ri tory is part of the south west -
ern Samogitian Plain, a part of the Samogitian In su lar Up land
(SIU) (GuobytÅ, 2002). The Rangifer tarandus ant ler from
Šnaukštai has been dated twice by the 14C anal y sis, in dif fer ent
lab o ra to ries, in or der to ac quire the best pos si ble ra dio car bon
age (Girininkas and Daugnora, 2015; Girininkas et al., 2017). 

In the sim i lar geo log i cal-geomorphological sit u a tion as so ci -
ated with Žemgrindžiai Quarry, sit u ated ~14 km north-west of
Šnaukštai, a Mammuthus primigenius bone was dis cov ered
(Fig. 1 and Ta ble 4, No. 5). Sit u ated very close to the limit of the
glaciofluvial-glaciolacustrine de pos its of the south west ern
Samo gitian Plain (GuobytÅ, 2002), this sed i men tary ba sin con -
tains gravel and coarse-grained sand. The lo ca tion might rep re -
sent the coastal zone of the large sed i men tary ba sin that ex -
isted dur ing the re treat of the Late Weichselian ice cover in the
area (GuobytÅ and Satkñnas, 2011). This spec i men, over lain
by glaciofluvial de pos its of the Late Weichselian age, was dis -
cov ered at a depth of ~4.5 m. 

One more frag ment of Mammuthus primigenius was dis cov -
ered in the Sviraièiai Quarry, Telšiai dis trict, NW Lith u a nia (Fig. 1
and Ta ble 4, No. 4; Butrimas, 2020), at a depth of ~5 m and over -
lain by a glaciolacustrine bed con sist ing of clayey and fine-
 grained sand. Geomorphologically, this ter ri tory is con sid ered to
be part of the North ern Samogitian Pla teau (GuobytÅ, 2002). 

Two Mammuthus primigenius frag ments were dis cov ered in 
glaciofluvial coarse-grained sand and gravel near Ariogala vil -
lage, Cen tral Lith u a nia (Fig. 1 and Ta ble 4, No. 2 and 3).
Geomorphologically, this area be longs to the Mid dle Lith u a nian
Plain (GuobytÅ, 2002). Here, melt wa ter stream de pos its of the
Late Weichselian Gla ci ation have been dis cov ered over ly ing
the basal till. These fos sils were col lected at depths of ~5–8 m,
lo cated ~80 m apart. 

So far, a sin gle frag ment of Mammuthus primigenius is
known from the north ern part of Lith u a nian ter ri tory. It was dis -
cov ered in the ŽagarÅ Esker, Joniškis dis trict, north ern Lith u a -
nia (Fig. 1 and Ta ble 4, No. 6), a clas si cal ice-mar ginal geo -
morphological struc ture formed dur ing the re treat phase of the
Late Weichselian Gla ci ation. Dur ing the ex ploi ta tion of the
gravel quarry, this fos sil was found at a depth of ~8 m.

All these newly dis cov ered macrofossils have been in ves ti -
gated by osteological anal y sis in clud ing vi sual in spec tion and
mea sure ment, and eval u a tion of the state of pres er va tion and
of re work ing dur ing trans port. The spec i mens are stored in the
Lith u a nian Na tional Mu seum in Vilnius, Tadas Ivanauskas Zoo -
log i cal Mu seum in Kaunas, Samogitia Mu seum “Alka” in Telšiai, 
lo cal mu se ums, and pri vate col lec tions. 
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14C ANALYSIS 

The ver te brate macrofossils were sub ject to 14C dat ing us -
ing the AMS tech nique. Mea sure ments on six sam ples were
per formed in four dif fer ent lab o ra to ries: the Cen tre for Iso tope
Re search Uni ver sity of Groningen Nijenborgh, the Neth er lands

(Lab o ra tory code – GrA); the Cen ter for Phys i cal Sci ences and
Tech nol ogy, Lab o ra tory of Mass Spec trom e try (Vilnius Ra dio -
car bon), Lith u a nia (Lab o ra tory code – FTMC); and the Royal In -
sti tute for Cul tural Her i tage, Bel gium (Lab o ra tory code – RICH)
and Leibniz-La bor fur Altersbestimmung und Isoto pen forscung, 
Kiel AMS, Ger many (Lab o ra tory code – KIA). 
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 14C data of megafaunal re mains from Lith u a nia

No. Lo cal ity
Co or di -
nates

(WGS)
Dated ob ject Lab. No. C14 BP

cal BP
Ref er ences

1 (68.2%) 2 (95.4%)

NEW DATA

1
Šnaukštai, 

KlaipÅda dis trict
55.656763; 
21.415358

R. tarandus

Ant ler
GrA-65623 37690 ±280 42290–42045 42395–41902

2
Ariogala Quarry, 

Raseiniai dis trict
55.483353; 
23.699984

M. primigenius

Incisivi
FTMC-FR-48-2 28633 ±95 33235–32840 33330–32220

3
Ariogala Quarry, 

Raseiniai dis trict
55.483353; 
23.699984

M. primigenius

Incisivi
FTMC-FR-48-1 25159 ±86 29565–29205 29790–29165

4
Sviraièiai, 

Telšiai dis trict 
55.997408; 
22.531575

M. primigenius

Hu merus frag -
ment?

RICH-22970 35415 ±231 40910–40360 41070–40000

5
¦emgrindûiai Quarry,

KlaipÅda dis trict
55.770005; 
21.290009

M. primigenius

Tibia
FTMC-OZ78-1 26579 ±50 31000–30855 31065–30785

6
¦agarÅ esker,

Joniškis dis trict
56.351188; 
23.219142

M. primigenius

Incisivi
KIA-55701 27960 ±230 32220–31550 32880–31360

7
Kazokiëkiai Quarry,

ElektrÅnai mu nic i pal ity
54.807648; 
24.819865

M. primigenius

Incisivi
OxA-10874 46300 ±1100 50235–47310 52415–46160 Ukkonen et al.

(2011)

8
Šnaukštai, 

KlaipÅda dis trict
55.656763; 
21.415358

R. tarandus

Ant ler
BETA-407751 41460 ±560 44880–43920 45240–43230 Girininkas and

Daugnora (2015)

9
KalnÅnai, 

Jurbarkas dis trict
55.080504; 
22.719889

R. tarandus

Ant ler
Tua-7686 28685 ±356 33590–32735 34020–31915 Girininkas and

Daugnor (2015)

10
Naravai, 

Prienai dis trict
54.589252; 
23.984141

C. antiquitatis

Cra nium

OxA-12017 44950 ±650 48010–46540 48710–45960
Daugnora (2004)

GrA 65622 38950 ±310 42750–42465 42905–42355

11
Jiesia River, 

Kaunas town
54.858016; 
23.928227

M. primigenius

Mo lar
LuS-7531 42300 ±1000 45920–44310 47090–43235 Arppe et al.

(2011)

12
Jiesia River, 

Kaunas town
54.858016; 
23.928227

M. primigenius

Mo lar
LuS-7532 41350 ±800 44805–43405 45555–42980 Arppe et al.

(2011)

13
Jiesia River,

Kaunas town
54.858016; 
23.928227

M. primigenius

Incisivi
OxA-10872 40900 ±650 44395–43315 44850–42915 Ukkonen et al.

(2011)

14
Jucaièiai, 

�ilalÅ dis trict
55.452251; 
22.179107

M. primigenius

Mo lar
OxA-10870 40600 ±800 44280–43090 44910–42680 Ukkonen et al.

(2011)

15
Kazokiëkiai Quarry,

ElektrÅnai mu nic i pal ity
54.807648; 
24.819894

M. primigenius

Incisivi
OxA-10875 38050 ±700 42605–41985 42980–41470 Ukkonen et al.

(2011)

16
Kazokiðkiai Quarry,

ElektrÅnai mu nic i pal ity
54.807648; 
24.819894

M. primigenius

Incisivi
OxA-10873 33740 ±380 39320–38075 39650–37470 Ukkonen et al.

(2011)

17
Pilsñdai,

TauragÅ dis trict

55.417344; 
22.513392

M. primigenius

Mo lar
LuS-7533 33650 ±300 39205–38100 39395–37545 Arppe et al.

(2011)

18
Kruonis, 

Kaišiadorys dis trict
54.780597; 
24.270912

M. primigenius

Incisivi
OxA-10810 30350 ±250 35070–34505 35290–34350 Ukkonen et al.

(2011)

19
Turûënai Quarry, 

Jonava dis trict
54.983857; 
24.092497

M. primigenius

Mo lar
LuS-7528 21400 ±120 25875–25675 25960–25350 Arppe et al.

(2011)

20
Olando kepurÅ 

(Dutch man’s cap),
KlaipÅda city 

55.79779;
21.067516

M. primigenius

Mo lar
Hela-3320 27490 ±250 31635–31200 31895–31110 Girininkas and

Daugnora (2015)

21 KlaipÅda Duchman
cap, 2008

55.79779;
21.067516

M. primigenius

Mo lar
LuS 7918 >43000 in fi nite – Ukkonen et al.

(2011)

22
Juodeli÷ Quarry, 

Kalvarija re gion
54.386867; 
23.104404

M. primigenius

Tusk 
OxA-10844 >31400 in fi nite – Ukkonen et al.

(2011)
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The re li abil ity of 14C dates de creases be yond 30 cal kyr BP
Nev er the less, all re sults, ex cept those noted as “in fi nite”, were
cal i brated by ap ply ing OxCal v4.4 soft ware (Bronk Ramsey et
al., 2009) with the IntCal2020 cal i bra tion curve (Reimer et al.,
2020). All dates are re ported at both 1d (68.27%) and 2d
(95.45%) con fi dence lev els and the cal i brated age is re ferred to 
as cal kyr BP in text. 

RESULTS

OSTEOLOGICAL DATA

The fos sils were in ter preted as rep re sent ing the tusk, mo -
lars, tibia, and a frag ment of hu merus of mam moths, to gether
with the ant ler of a rein deer (Ta ble 4). 

The ant ler of R. tarandus from Šnaukštai Quarry (Ta ble 4,
No. 1) is 30.8 cm long and ~2.7 cm in di am e ter, dark brown and
well-pre served with no no tice able sec ond ary bone in jury.

The M. primigenius re mains from Ariogala Quarry are more
poorly pre served. Sam ple 1 (Ta ble 4, No 2), de scribed as part
of a tusk, is ~35.5 cm long along the ex ter nal curve. It rep re -
sents just a part of the ex ter nal tusk so its orig i nal di am e ter can -
not be mea sured. An other spec i men from the Ariogala Quarry
(Ta ble 4, No. 3), de scribed as a tusk frag ment, is ~12 cm long
though again of un known orig i nal di am e ter. 

The hu merus frag ment from Sviraièiai is well-pre served and 
light brown (Ta ble 4, No. 4), ~50 cm long though of un known
orig i nal di am e ter. 

The tibia of a young an i mal dis cov ered in the Žemgrindžiai
Quarry (Ta ble 4, No. 5) is also well-pre served. Its length
reaches 43 cm, the width vary ing from 10.7 to 7.3 cm in the mid -
dle part and ~11.4 cm across the ar tic u lar sur face. 

The most poorly pre served of these fos sils is from ŽagarÅ
(Ta ble 4, No. 6): a tusk orig i nally ~50 cm long was left in a dry
room for a few years and broke into ~35 small light brown frag -
ments ~5–8 cm long.

DATING

In to tal twenty-two dated bone sam ples, in clud ing the six
ana lysed in the con text of the pres ent study, pro vide the chro -
no log i cal back ground for dis cus sion. The gen eral in for ma tion
de scrib ing these sam ples, in clud ing ra dio car bon ages, is out -
lined in Ta ble 4. 

Based on the 14C data ob tained (Fig. 2), the dates gen er ally
clus ter within the Mid dle Weichselian climatostratigraphic in ter -
vals of the con ti nen tal and re gional scales. Dated to ~25–26 cal
kyr BP the youn gest spec i men of Mammuthus primigenius rep -
re sent ing the Nemunas 3 cold in ter val (cryomer) of the Mid dle
Weichselian was dis cov ered in TuržÅnai quarry, Jonava dis trict
(Fig. 1 and Ta ble 4, No. 19). The old est dated spec i men (Fig. 1
and Ta ble 4, No. 7) re lates to the Jonionys 3 warm in ter val
(thermomer) which is cor re lated with the Oerel in ter val (Behre,
1989). How ever, some of the dates, i.e., the Coelo donta
antiquitatis cra nium (Fig. 1 and Ta ble 4, No. 10), have to be
taken with some cau tion as dif fer ent dates were ob tained from
dif fer ent lab o ra to ries. 

DISCUSSION

PALAEOENVIRONMENTAL DYNAMICS

De spite the many in ves ti ga tions con ducted across Eu rope,
in clud ing in Fennoscandia and the Bal tic re gion (Wohlfarth,
2010; Lasberg, 2014), both the climatostratigraphic sub di vi sion
and palaeogeographic in ter pre ta tion of the Mid dle Weichselian
timespan re main un clear in some ar eas (Behre, 1989; Helmens 
et al., 2000; Houmark-Niel sen, 2011; Svendsen et al., 2004).
Pre ced ing the Late Weichselian Gla ci ation, this in ter val plays a
par tic u lar role in the spatio-tem po ral re con struc tion of the cli ma -
tic and en vi ron men tal sit u a tion prior to the ad vance of the youn -
gest gla ci ation. Fur ther more, Mid dle Weichselian palaeo -
environ mental and chronostratigraphic in ves ti ga tions are es -
sen tial for de ter min ing the on set of the Late Weichselian Gla ci -
ation while, along with data rep re sent ing the Late Weichselian,
may aid in im prov ing the un der stand ing of the cli ma tic evo lu tion 
and the en vi ron men tal re ac tions through out the full gla ci ation
macrocycle event. How ever, the num ber of well-pre served geo -
log i cal re cords of Mid dle Weichselian age is very lim ited or are
miss ing in the ter ri to ries later in flu enced by the Last Scan di na -
vian Gla ci ation. As the avail able in for ma tion can be in suf fi cient
for de tailed anal y sis, ad di tional data sources are re quired. Bi -
otic turn overs, par tic u larly those noted in the fau nal re cords,
have “im pli ca tions for re con struct ing the his tory of SIS” (Ukko -
nen et al., 2011) and such data has helped re con struct the Mid -
dle Weichselian palaeoenvironmental his tory of this part of the
SE Bal tic. In gen eral, re mains of woolly mam moth (Fig. 3) and
rein deer are widely dis trib uted in this part of Eu rope (Ukkonen
et al., 2006, 2011; Stefaniak and Marciszak, 2009; Piskorska
and Stefaniak, 2014; Stefaniak et al., 2020) while these of
woolly rhi noc eros (Fig. 4) are more scarce, with only one dated
spec i men re cog nised from the East ern Bal tic (Stu art and Lis ter, 
2012). In re cent years new spec i mens, i.e. Mammuthus primi -
genius and Rangifer tarandus, have been dis cov ered and in -
ves ti gated in Lith u a nia. 

In con ti nen tal-scale re cords of the MIS 3 in ter val the cli ma tic 
in sta bil ity has been emphasised (Johnsen et al.,1992; Grootes
et al., 1993; Allen et al., 1999; Genty et al., 2003; Svedsen et al., 
2004; Lasberg, 2014) with a se ries of cold stadials and warmer
interstadials be ing iden ti fied. Along side this, gla cial de pos its of
Mid dle Weichselian age have been re cog nized ex ten sively
across north ern and northeast ern Eu rope (Liivrand, 1991;
Nenonen, 1995; Marks, 2004, 2012; Zelès and Markots, 2004;
Houmark-Niel sen, 2011; DamušytÅ et al., 2011). How ever, re -
cent in ves ti ga tions have shown a pre dom i nance of ice-free
con di tions in the larger part of east ern Fennoscandia through -
out the Mid dle Weichselian (Ukkonen et al., 1999, 2007; Molo -
dkov et al., 2007; Satkñnas et al., 2009; Helmens and Engels,
2010; Wohlfarth, 2010; Rattas et al., 2010; Saks et al., 2012;
Lasberg, 2014; Lamsters et al., 2017). An in creas ing num ber of
palaeoclimatological, lithological, biostratigraphical and phys i -
cal in ves ti ga tions con ducted in the east ern Bal tic sug gests that
non-gla cial (periglacial and interstadial) palaeo environ ments
also pre dom i nated in this part of Eu rope dur ing the Mid dle
Weichselian (Ta ble 1). In Lith u a nia, 5 in ter vals of cli ma tic ame -
lio ra tion (thermomers) and at least 5 cold in ter vals (cryomers)
have been de scribed based on lithological and palaeobotanical
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ev i dence (Satknas and GrigienÅ, 2012). Nev er the less, the re -
stricted avail abil ity of the data, in clud ing chro no log i cal data, hin -
ders the anal y sis and sub se quent cor re la tion of the iden ti fied
turn overs as well as re li able re con struc tion of palaeoclimatic
and palaeoenvironmental fluc tu a tions. In such cir cum stances,
the lack of lithostratigraphic con straints on ice cover i.e. co in ci -
dent with the cli ma tic de te ri o ra tions, in creases the sig nif i cance
of the biostratigraphic re cords. Thus, fos sil data are im por tant
to re cov er ing in for ma tion on the past cli ma tic and en vi ron men -
tal dy nam ics in the area.

In east ern Lith u a nia, the old est re cord of Mammuthus primi -
genius (Fig. 1 and Ta ble 4, No. 7, OxA-10874, 46160–52415
cal kyr BP), points to the pres ence of this mam mal at the tran si -
tion from the fi nal stages of the Jonionys 3 thermomer
(49–61 cal kyr BP) to the Nemunas 2b cryomer (47–49 cal kyr
BP) here (Fig. 5). A char ac ter is tic neg a tive shift of the d18O
curve in di cate the pro nounced cli ma tic cool ing that started si -

mul ta neously across this area. Fur ther more, the pol len re cord
points to the for ma tion of an open land scape en com pass ing
wide grass-pre dom i nat ing hab i tats with some pine and birch.
Al der was also pres ent, sug gest ing suf fi cient hu mid ity and cor -
re lat ing with data from Sokli, NE Fin land, where rel a tively moist
cli ma tic con di tions have been in di cated at ~40–50 cal kyr BP
(Helmens et al., 2007). Tra di tion ally the hab i tat of the woolly
mam moth, the so-called “steppe mam moth”, orig i nally de scri -
bed as a cold-steppe biome (Guthrie, 1968), may have con -
sisted of a mo saic of di verse land scapes (Guthrie, 2001). In
gen eral, dis tinct vegetational and cli ma tic het er o ge ne ity has
been noted in ana lys ing the ecol ogy of this megaherbivore in
dif fer ent parts of Eu rope (Arppe et al., 2011). Here, in the Bal tic
re gion, mam moths “sub sisted in a colder and wet ter en vi ron -
ment” sensu Arppe et al. (2011). An other date, from the cra -
nium of Coelo donta antiquitatis, also rep re sents the Nemunas
2b in ter val (Fig. 1 and Ta ble 4, No. 10, OxA-12017,
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Fig. 2. Cal i brated 14C data of the megafaunal re mains
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48710–45960 cal kyr BP). But, it must be dis carded due to a
dis crep ancy iden ti fied dur ing re-dat ing of the spec i men.

Mammuthus primigenius and Rangifer tarandus re mains
are pres ent be tween 44–47 cal kyr BP, roughly cor re lat ing with
Mickñnai 1 thermomer (Ta ble 3). Re mains of rein deer rep re -
sent the sec ond half of the in ter val (Fig. 1 and Ta ble 4, No. 8,
BETA-407751, 43230–45240 cal kyr BP) while mam moth set -
tled ear lier (Fig. 1 and Ta ble 4, No. 11, LuS-7531,
43235–47090 cal kyr BP) in area. This is the old est dated rein -
deer spec i men in Lith u a nia (Girininkas and Daugnora, 2015)
and one of the rare finds rep re sent ing the MIS 3 in ter val in this
part of Eu rope. Though it is as sumed that the rein deer was typ i -
cal for the Eur asian periglacial fauna dur ing the Weichselian,
most pre vi ously dated re mains rep re sent Late Weichselian and 
postglacial times (Ukkonen et al., 2006). The new data are cru -
cial for ana lys ing the dis tri bu tion of this spe cies be fore the for -
ma tion of the last gla cial cover. In gen eral, the east ern Bal tic re -

gion could be of par tic u lar im por tance in dis cuss ing the spa tial
and tem po ral dis tri bu tion of the tun dra and for est rein deer pop -
u la tions dur ing the Pleis to cene (Piskorska and and Stefaniak,
2014). Mean while, pol len data dem on strate the ex is tence of an
open bo real for est with the pres ence of de cid u ous taxa, Alnus
in par tic u lar, in the area. Thus, the in creas ing vegetational den -
sity is cor rob o rated by the sta bili sa tion of the NAP curve, that is
es pe cially pro nounced dur ing the first half of the in ter val. Later,
pine es tab lished in the re gion as the re corded Pinus value
(30–35%) shows the lo cal or i gin of the de pos ited pol len grains
(Hunt ley and Birks, 1983). Noted vari a tions of the veg e ta tion
struc ture are con tem po ra ne ous with those seen in the iso tope
re cord, i.e., a pro nounced peak in the d18O curve was fol lowed
by a re mark able drop (Fig. 5). As pine pre fers in creas ing
continentality (Walker, 1995), such a cli ma tic re gime most prob -
a bly pre dom i nated in the area. More over, the con tem po ra ne -
ous ap pear ance of north-bo real meso phytes, i.e., Sela ginella
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Fig. 4. Cra nium of Coelodonta antiquitatis, Naravai (Fig. 1 and Ta ble 1, No. 10)

Fig. 3. Tibia of Mammuthus primigenius, Žemgrindžiai (Fig. 1 and Ta ble 1, No. 5)
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selaginoides and Botrychium boreale, points to dras tic cli ma tic
and en vi ron men tal shifts. Be ing adapted to dif fer ent types of
hab i tat, vary ing from steppe-tun dra to for ests (Piskor ska and
Stefaniak, 2014), rein deer might have mi grated into the area
when an open bo real for est flour ished here. Anal y sis of rein -
deer mo lars sug gests that in di vid u als did “feed on hard food,
such as shrub twigs or tree bark, pos si bly in for est-tun dra” dur -
ing the MIS 3 (Piskorska and and Stefaniak, 2014). Fur ther -
more, as was hy poth es ised by Arppe et al. (2011) the rel a tive
pro por tion of woody plant ma te rial in the mam moths’ diet was
higher in the north-east part of Eu rope. In such a way the
spread of these megaherbivores through the sparse north ern
bo real for est seems re al is tic. 

Al most con tin u ous fau nal 14C ev i dence is dem on strated be -
tween 38–45 cal kyr BP, i.e., the time-in ter val com pa ra ble to
the Nemunas 2c cryomer (Fig. 5). Rein deer were pres ent in the
ter ri tory while Mammuthus primigenius pre dom i nated with an
in creas ing pop u la tion den sity. An ex pan sion of these spe cies
may have been trig gered by the chang ing land scape struc ture,
i.e., for ma tion of open tree-less herb tun dra with es pe cially high
pri mary pro duc tiv ity, that would be con sis tent with the pol len
data. A high par tic i pa tion of NAP taxa, in clud ing light-de mand -
ing and pi o neer spe cies, sug gests thor ough re or ga ni za tion of
the ter rain, which might have been in flu enced by the prom i nent
cli ma tic shifts noted af ter 45 cal kyr BP. Mul ti ple os cil la tions of
the iso to pic re cord sup port this pre sump tion, and avail able
palaeoclimatic re con struc tions sug gest brief tem per a ture drops 
to –25°C in win ter (Luoto et al., 2004) in east ern Po land dur ing
the mid dle Pleniglacial (Marks et al., 2019). 

There is a fur ther tem po ral con cen tra tion of dated fau nal re -
mains be tween 31–34 cal kyr BP (Fig. 5). That time-in ter val is
co in ci dent with the Mickñnai 3 thermomer, cor re lated with the
Denekamp Interstadial in Lith u a nia (Satkñnas et al., 2009).
Though de scribed as a time of warm ing cli mate with July tem -
per a tures av er ag ing ~0°C in Laarhuis near Denekamp (Kol -

strup and Wijmstra, 1977) this in ter val over laps with neg a tive
shifts of the d18O curve point ing to some brief cli ma tic cool ing’s
(Fig. 5), and dates of Mammuthus primigenius and Rangifer
tarandus ma te rial cor re late pos i tively with those neg a tive re ver -
sals of the d18O curve. Mean time, palaeobotanical data sug gest 
the flour ish ing then of birch-pre dom i nat ing light for est with scat -
tered stands of pine and al der and low rep re sen ta tion of non-ar -
bo real taxa in Lith u a nia (Satkñnas and GrigienÅ, 2012). Hab i -
tats fa vour able for the spread of megafauna pre dom i nated in
the area even dur ing the colder in ter vals. In re gional palaeo -
botanical re cords “an open tree-less en vi ron ment with sparse
birch for ests” pre dom i nated dur ing MIS 3 in cen tral Swe den
(Robertsson, 1988; Wohlfarth, 2009). In prin ci ple, MIS 3 is
char ac ter ized “by a more con ti nen tal cli mate for much of the
gla ci ated re gion of north ern Eu rope from ~50–25 ka” (Arppe
and Karhu, 2010) and sur face air tem per a tures in the ter ri to ries
of the pres ent Czech and Slo vak republics and Hun gary were
2–9°C colder than pres ent be tween 12–33 ka cal BP (Kovács et 
al., 2012). Nev er the less, re mark able dis crep an cies oc curred in
the cli ma tic re gime within MIS 3 shown by the in ter pre ta tion of
periglacial land forms (e.g., van Huissteden et al., 2003), coleo -
pteran re mains (Coope, 2002), and mam moth enamel tem per -
a ture es ti mates (Arppe and Karhu, 2010; Ukkonen et al., 2011)
across dif fer ent parts of Eu rope. Thus, the newly pro vided
palaeo bio logi cal and 14C data is of par tic u lar im por tance for the
re con struc tion of the en vi ron men tal his tory dur ing the Dene -
kamp Interstadial in the SE Bal tic.

The other two Mammuthus primigenius sam ples rep re sent
the Nemunas 2e and Nemunas 3 cryomers. Ac cord ing to the
pol len data (Fig. 5), open tun dra veg e ta tion flour ished, point ing
to the ex is tence of tra di tional mam moth hab i tats at that time in
the area. 

Sub se quently, the bi o log i cal and 14C data ob tained re flect
both cryomers and thermomers be ing suit able for the es tab lish -
ment of the megafauna dur ing MIS 3 in the SE Bal tic. This is of
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Fig. 5. Chro no log i cal dis tri bu tion of the fos sils dated ver sus NGRIP d18O (‰) 

(Ras mus sen et al., 2006) and pol len data 
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par tic u lar im por tance for the fur ther anal y sis of both bi otic turn -
overs and en vi ron men tal pat terns dur ing the pre-LGM in this
part of Eu rope.

CONCLUSIONS

The tem po ral dis tri bu tion of the megafaunal re mains ana -
lysed [woolly mam moth (Mammuthus primigenius Blum.) and
rein deer (Rangifer tarandus Linnaeus, 1758)] im plies the ex is -
tence of non-gla cial con di tions dur ing the Mid dle Weichselian
(MIS 3) in the in ves ti gated part of the east ern Bal tic re gion. Ac -
cord ing to 14C (AMS) data, most of the dis cov ered megafaunal
re mains rep re sent two in ter vals: 38–45 cal kyr BP (Nemunas
2c cryomer) and 31–34 cal kyr BP (Mickñnai 3 thermomer
(Denekamp Interstadial). The tem po ral dis tri bu tion of the 14C
dates is con sis tent with in ter vals re port ing both cold and warm
cli ma tic phases of MIS 3. Based on pol len data, the veg e ta tion

pat tern of these in ter vals var ied from the tree-less tun dra to
birch-pre dom i nat ing for est with an ad mix ture of tem po ral tree
spe cies, i.e. Pinus or Alnus, pro vid ing ad di tional in for ma tion
about the diet and hab i tat pref er ences of the large her bi vores.
The en vi ron men tal sit u a tion, in clud ing the veg e ta tion pat tern,
was con du cive to the ex is tence of dif fer ent spe cies of mega -
fauna there at that time.
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