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The continuous palynological record of sediments from the El’gygytgyn crater lake document
the changes in vegetation during marine isotope stages 12—17, which span the interval between
424,000 and 712,000 years ago. An important chronological reference point for this interval is the
Brunhes—Matuyama boundary (781,000 years ago), established by paleomagnetic analysis of the
lake sediments. The regional vegetation of the warm interglacial stages was characterized by the
widespread presence of larch forests, which included thickets of dwarf birch, alder, and dwarf pine.
In the cold stages, a mosaic of herb tundra dominated, giving way to forest-tundra communities
in the valleys of the Anadyr Plateau that surrounds the lake. In the interval between 424,000 and
712,000 years ago, the warmest climate occurred during MIS15, whereas the most severe cooling

occurred during MIS12.
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INTRODUCTION

The continuous palynological record from
El’gygytgyn Lake reflects the response of vegeta-
tion in northern Chukotka to climate change from
the Gelasian Stage through the Holocene (Melles
etal., 2012; Wennrich et al., 2016). One of the more
intriguing intervals includes marine isotope stages
(MIS) 12—17, spanning the interval 424-712 thou-
sand years ago (Lisiecki, Raymo, 2005). The iso-
tope record suggests that this interval encompass-
es one relatively warm (MIS14) and two extremely
cool glaciations (MIS12 and MIS16). Additionally,
the interglaciations (MIS13 and MIS15) are char-
acterized by multiple fluctuations in the oxygen
isotope record, with peaks in the isotope curve sug-
gesting interglacial conditions that were slightly
cooler than present.

El’gygytgyn is an oval shaped lake that varies
in width between 12 and 14 km. It is situated with-
in an 18-km-wide meteor impact crater, which was
formed 3.6 million years ago (Layer, 2000). The
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lake is located beyond the Arctic Circle in north-
ern Chukotka (67°30" N, 172°05" E; Fig. 1). The sur-
rounding peaks of the Anadyr Plateau rise to 600—
1000 m above sea level (a.s.l.), while the elevation
of the lake surface is 489 m a.s.L.

The interval that includes MIS12—-MIS17 corre-
sponds to the first half of the lonian Age of the Inter-
national Stratigraphic Scale of the Quaternary Sys-
tem (Yanina, 2014). The lower limit of the Ionian is
defined by the boundary between the Brunhes and
Matuyama magnetic epochs (781 thousand years
ago) and is an important chronological benchmark
for constructing the age model for the EI’gygytgyn
sediment core (Fig. 2). Of particular note in the in-
terval of 424—712 thousand years ago is that the pol-
len zones reflecting the plant communities that de-
veloped in periods synchronous with MIS12-MIS17
are characterized by an unstable composition in the
spore-pollen spectra. Such spectra are more typi-
cal, for example, of interstadial MIS3, as recorded
in a sediment core from Elikchan-4 Lake (Fig. 1)
in Northern Priokhotye (Lozhkin, Anderson, 2011),
where isotope stages considered relatively warm
may include pollen zones more consistent with cool
isotope stages.



4 A. V. Lozhkin, P. M. Anderson, Yu. A. Korzun, E. Yu. Nedorubova

Magadan
Oblast

Elikch:

0 100 200 km
L1 1

an-4Lake

Fig. 1. Map showing the locations of EI’gygytgyn and Elikchan-4 Lakes in Western Beringia.

Puc. 1. Teorpaduyeckoe monokeHHe 03epa DIBIBITBITIBIH U 03epa DJMK4YaH-4 Ha KapTe 3aralHou

Bepunrum.

Studies of the interval 424-712 thousand years
ago were made possible by the International Ex-
pedition “El’gygytgyn Drilling Project”, which
raised a 317 m long sediment core (well 5011-1)
in the center of the lake. The core consisted of silt
with an admixture of fine-grained sand (Melles et
al., 2012; Nowaczyk et al., 2013; Lozhkin, Ander-
son, 2020).

When reconstructing plant communities devel-
oped in the interval 424—712 thousand years ago, fea-
tures of the modern spore-pollen spectra, collected at
the water-sediment interface of Lake El’gygytgyn,
are considered (Lozhkin et al., 2002).

The vegetation in the vicinity of the lake is main-
ly characterized by lichens and herbs (Kozhevnikov,
1993). On the hills the vegetation cover is often dis-
continuous. Low shrubs of Salix krylovii E. Wolf, S.
alaxensis Cov. occupy protected areas in the inflow-
ing stream valleys and along the outflowing Enmy-
vaam River. Betula exilis Sukacz. is limited to ar-
eas with an accumulation of organic matter. On the
Anadyr Plateau there is a mosaic of low shrub and
graminoid tundra with small populations of Pinus
pumila (Pall.) Regel and Duschekia fruticosa (Rupr.)
Pouzar.

Wind-blown pollen of Pinus pumila, Betula exi-
lis, and Duschekia fruticosa dominate the modern
spore-pollen spectra from the lake’s bottom sedi-
ments. In these samples, pollen from Duschekia
fruticosa is up to 35 %, Betula — 20%, Pinus pumi-
la — 15 %, and the total amount of shrub pollen can
be up to 45 %. Thus, the composition of the mod-
ern spore-pollen spectra from the bottom sediments
of Lake El’gygytgyn reflects the regional vegeta-
tion and is not indicative of the low pollen produc-
tivity of plant communities currently growing near
the lake.

RESEARCH METHODS

Palynological analysis of lake sediments in the
interval between 424 and 712 thousand years ago
was done following standard methods established
for the study of sediments from arctic lakes and
estuaries (PALE, 1994). To ensure consistency,
this method has been used to prepare all palyno-
logical samples throughout the EI’gygytgyn core.
When reconstructing the vegetation based on the
palynological data, the sum of all terrestrial arbo-
real and nonarboreal pollen grains was taken as
100 %. Spore percentages are based on the pollen
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Fig. 2. Correlation of magnetic characteristics of Lake EI’gygytgyn sediments with the paleo-
magnetic scale of normal and reverse polarity. The vertical column on the left side of the figure
shows the magnetic characteristics of the lake sediments, the upper horizontal column corresponds
to the general paleomagnetic scale. The boundaries of magnetic events are marked with black dots.
The curve connecting them provides information on the age of different levels of the lake sediments

(Nowaczyk et al., 2013).

Puc. 2. ComocTaBneHre MarHUTHBIX XapaKTEPHCTUK OCAIKOB 03. DNBIBITHITTBIH C MajeoMar-
HUTHOM IIKaJI0i HOPMaJbHOW M 00paTHOM HaMarHMYEHHOCTH. BepTHKaibHash KOJOHKA B JIEBOW
4acTH PUCYHKA 10OKA3bIBAET MArHUTHBIE XapaKTEPUCTUKH OCAJKOB 03€pa, BEPXHsIsl FOPU30HTAIIb-
Hasi — OTBEYAET 00IIe maseoMarHUTHOM mkase. [ paHUIIbl MAarHUTHBIX COOBITHI OTMEUEHBI Yep-
HBIMHU TOuKaMHu. COeAMHAOMAsA UX KPHUBas JaeT MHPOPMAIMIO O BO3PACTE PA3IHMYHBIX YPOBHEH

ocakoB o3epa (Nowaczyk et al., 2013).

sum. In each sample, at least 300 pollen grains of
terrestrial plants were counted.

The spore-pollen diagram shows the relation-
ships between vegetation groups (on the left side
of the diagram — trees and shrubs; herbs; spores)
and individual main and minor pollen and spore

taxa. Major and minor pollen and spore taxa are
shown in Fig. 3 and Fig. 4, respectively.
Difficulties in carrying out palynological anal-
ysis of some samples occurred because of low
pollen concentrations, especially those samples
deposited during cold stages. In these cases, sam-
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ples with very low pollen concentrations were
duplicated by samples from neighboring levels.
Samples taken from interstadials and intergla-
cial sediments are usually abundant in pollen and
spores.

Calculating spore-pollen percentages and con-
structing the pollen diagrams were performed us-
ing the “Tilia” and “Tilia-graph” computer programs
(http://museum.state.il.us./pib/grimm/tilia).

POLLEN ZONES AND THEIR CORRELATION
WITH ISOTOPIC STAGES

Based on the relationship of vegetation groups
and percentage variations in the main pollen and
spore taxa, 9 pollen zones have been distinguished
for the 424712 thousand years ago interval of the
El’gygytgyn sediment record. These pollen zones re-
flect the changes corresponding to glacial, intergla-
cial, and interstadial climates.

Pollen zones El and E2 characterize the vege-
tation during MIS17, zones E5 and E6 — MISI5,
E7 and E8 — MIS13. The boundaries of the pollen
zones correspond to the boundaries of the isotope
stages: the upper boundary of pollen zone E2 cor-
responds to the boundary of MIS17 and MIS16,
the boundary of pollen zones E3 and E4 — to the
boundary of MIS16 and MIS15, the upper bound-
ary of pollen zone E5 corresponds to the bound-
ary of MIS15 and MIS14, the boundary of pollen
zones E6 and E7-MIS14 and MIS13, the bound-
ary of MIS13 and MIS12 corresponds to the middle
part of the pollen zone ES.

FEATURES OF THE PALYNOLOGICAL
SPECTRA

A common feature of the palynological record
between 424 and 712 thousand years ago is the
consistent appearance of Larix pollen. The amount
of Larix pollen can reach 7 % in pollen zones re-
lated to both “warm” and “cold” isotope stages. In
the pollen spectra of all palynological samples of
this interval, Betula pollen is noted. Generally, Bet-
ula pollen is one of the dominants of the spectra
of warm stages (up to 50 %). In the spectra of iso-
tope stages indicative of climate cooling (MIS12,
MIS14, MIS16), the amount of Betula pollen varies
from 5 % to 24 % (MIS14). The A/nus pollen per-
centages reach 50-60 % in the spectra of “warm”
isotope stages, sharply decreasing in the cool stages
(to 3—5 %). Noticeable quantities of Pinus s/g Hap-
loxylon pollen (up to 35 %) are only found in the
interglaciations.

Poaceae pollen plays a major role in the pol-
len record of the interval 424—712 thousand years

ago. Pollen values reach 50-65 % in the spectra of
pollen zones characterizing cold stages (MIS12,
MIS14, MIS16), and decreases in the stages that
correspond to interglaciations (MIS13, MISI15,
MIS17). The comparatively high percentages of
Artemisia pollen in the spectra is noteworthy, es-
pecially in the stages associated with cooling cli-
mates (up to 35 %). In the samples of both “warm”
and “cold” stages, herb pollen is always present
(note that relatively high percentages of herb pol-
len is usually characteristic of glacial stages in
Western Beringia) — Cyperaceae (up to 20 % in
MIS12, MIS14, MIS16; up to 10 % in MISI13,
MIS15, MIS17) and Caryophyllaceae (up to 8 %).
The increase in the amount of Artemisia pollen
in the spectra corresponds to an increase in the
percentages of Selaginella rupestris spores (up to
15 %). The warming stages include peaks of
Sphagnum spores (up to 100 %).

CHARACTERISTICS OF POLLEN ZONES
AND PLANT COMMUNITIES

The response of vegetation in Northern Chu-
kotka to climate change during MIS17 is reflected
in the palynological complexes of pollen zones E1l
and E2.

The dominant taxa in the E1 pollen zone are
Betula (up to 35 %) and Poaceae (up to 35 %) with
a conspicuous presence of Salix (up to 10 %) and
Cyperaceae (up to 15 %). Shrub Betula probably
played an important role in both the local and re-
gional vegetation. Tree Betula possibly formed
scattered stands on the hillslopes surrounding the
lake. The low pollen percentages of A/nus clearly
show that shrub A/nus (possibly Duschekia fruti-
cosa) was not characteristic of the vegetation in
the Lake El’gygytgyn region during the first half
of MIS17 nor was it found growing in small, iso-
lated thickets in the most protected habitats. How-
ever, an important shrub taxon was shrub wil-
low, which formed dense thickets in the valleys
of streams and along the Enmyvaam River. Pollen
of Poaceae, Cyperaceae, and forbs indicate a wide
distribution of open meadow communities. High
percentages of Sphagnum spores in the spectra
of zone El indicate increased effective moisture
in the meadows, the presence of swampy terrain,
and, probably, the development of bogs. Analy-
sis of the spore-pollen spectra of pollen zone El
allows us to conclude that the regional and local
vegetation was represented by shrub-herb tundra,
replaced in some areas by forest-tundra, primarily
formed by species of Betula.

Pollen zone E2 highlights a significant change in
plant communities in the second half of MIS17. If



Paleoenvironmental changes in Northern Chukotka during marine isotope stages 12—17 7

pollen of tree and shrub taxa did not exceed 23 %
in pollen zone E1, then in the spectra of zone E2
the percentages of arboreal pollen are up to 70 %.
The pollen of this group also becomes more di-
verse in composition. The comparatively high
percentages of A/nus pollen (30 %) clearly indi-
cate not only the widespread distribution of shrub
forms of Alnus (Duschekia fruticosa), but also the
occurrence of tree-size species (A/nus hirsuta) in
the gallery forests of the floodplains. The presence
of Larix pollen (5 %) highlights the establishment
of larch forests, which had a dense shrub under-
story of Pinus pumila, Duschekia fruticosa, Bet-
ula, and Salix. The spectra of pollen zone E2 also
suggest a sharp reduction in areas of open mead-
ows, both in the vicinity of the lake and regionally.
These meadow communities consisted of Poaceae,
Cyperaceae, and forbs. The E2 pollen zone spectra
show that the vegetation that developed in the sec-
ond half of MIS17 reflect an interglacial climate.
The relatively “warm” first half of MIS17 should
probably be considered an interstade.

The spore-pollen spectra of MIS16 (pollen zone
E3) are characterized by high pollen percentages and
diversity of herbaceous plants (see Fig. 3, 4).

Poaceae is the most abundant pollen taxa in the
spectra, reaching up to 70 %. Significant roles are
played by Cyperaceae pollen (up to 25 %), Artemi-
sia pollen (up to 25 %), and Selaginella rupestris
spores (10 %). This assemblage suggests the wide-
spread existence of rocky slopes and screes, as well
as wet and moderately wet sedge-grass meadow
communities on the lower valley slopes. Larix pol-
len is consistently present during MIS16, indicat-
ing the establishment of larch forest-tundra near
the lake and in the valleys of the Anadyr Plateau.
Given that Salix pollen is poorly preserved in sedi-
ments, it is likely that it a common shrub in the veg-
etation. Pollen zone E3 reflects a severe climatic
cooling during MIS16.

A sharp change in the spore-pollen spectra is ob-
served at the MIS15-MIS16 boundary. This change
is reflected by the pollen zone E4 assemblage,
which dominated by Betula (up to 25 %), Alnus (up
to 40 %), Poaceae (up to 55 %), Cyperaceae (up to
25 %), and Artemisia (up to 20 %). The consistent
occurrence of Larix pollen (3—4 %) indicates the
continued presence of this deciduous conifer. How-
ever, the main feature of pollen zone E4 is the vari-
ability in the spore-pollen spectra. This inconsis-
tency reflects the replacement of larch forest-tun-
dra by larch forest with the inclusion of tree and
shrub birch, Duschekia fruticosa and, probably
less often, Pinus pumila. Such changeability in
the spore-pollen spectra was first seen in the con-

tinuous palynological record of sediments from
Lake Elikchan-4 (located in Northern Priokhotye
on the border with the Kolyma Basin) and reflects
the variability in plant communities during the
MIS3 interstade (Lozhkin, Anderson, 2011). Pol-
len zone E4 also indicates a wide distribution of
sedge-grass-forb meadows in the poorly drained
substrates in the lowland, and of Artemisia-Selag-
inella rupestris communities on well drained and/
or eroding slopes.

Pollen zone ES characterizes larch forests with a
shrub understory of Pinus pumila, Duschekia frutico-
sa, Betula, and Salix. Pinus pumila possibly formed
a belt of shrub tundra beyond altitudinal treeline. In
the floodplains, gallery forests consisted of Alnus
hirsuta, Populus, Chosenia, and Larix. The pollen of
trees and shrubs that dominate the zone E5 spectra
reflect the establishment of forest communities that
developed during an interglacial period.

In pollen zone E6, which depicts the plant com-
munities during MIS14, the pollen percentages
of trees and shrubs are noticeably reduced (up to
20 %). Nevertheless, the presence of Larix pol-
len (up to 5 %) reflects the regional distribution of
larch forest-tundra or even the existence of open
larch forests with an undergrowth of shrub Betula
in the vicinity of the lake. The low percentages of
Alnus pollen are of note. Unlike previously, during
MIS14 shrub Alnus was neither characteristic of
the vegetation either bordering Lake El’gygytgyn
or on the Plateau. Furthermore, it is likely that iso-
lated thickets growing in the more protected habi-
tats within the crater were rare or absent. Large
areas in the vicinity of the lake were occupied by
open meadow communities, reflected in the pol-
len spectra by Poaceae, Cyperaceae, and Ranun-
culaceae. The noticeable presence of Artemisia
pollen and Selaginella rupestris spores mark the
development of xeric plant communities on well-
drained, rocky slopes. The vegetation reflected in
the spore-pollen spectra of pollen zone E6 proba-
bly developed under interstadial conditions.

Pollen zone E7 also represents interstadial plant
communities that were present during MIS13. The
vegetation included larch forest-tundra and A/nus-
Betula-Pinus pumila shrub tundra. The dominance
of Poaceae pollen in this zone confirms the wide-
spread distribution of open sedge-grass meadows
near Lake El’gygytgyn. The high percentages of
Sphagnum spores (the peaks reaching 100 %) clearly
indicate the increase in mesic to wet habitats within
the meadows and possibly the development of local
bogs and swamps.

Pollen zone ES is characterized by the dominance
of pollen of trees and shrubs (up to 75 %) with peaks
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in Alnus (up to 45 %) and Pinus pumila (up to 55 %).
The role of sedge-grass meadows is markedly re-
duced, and the low percentages of Sphagnum spores
suggest the establishment of dry climatic conditions.
Zone E8 characterizes the vegetation at the intergla-
cial MIS12-MIS13 boundary.

In MIS12 (pollen zone E9), both the local and
regional vegetation was herb tundra dominated by
grass and sedge. The rare pollen of shrubs (Betula,
Alnus, Pinus subgen. Haploxylon) found in the spec-
tra probably represents long-distance wind trans-
port from more southern regions of Western Berin-
gia. The most common shrub in the tundra was wil-
low, represented by prostrate forms and/or by small
thickets growing in protected areas of the valleys.
Rocky slopes and well-drained sites at lower eleva-
tions were occupied by communities of wormwood,
polar poppies, and Siberian club moss. Landscapes
with similar “dwarf” tundra currently are found on
Wrangel Island, which is located 600 km north of
Lake El’gygytgyn. The presence of single grains of
Larix pollen in samples at the boundary of MIS12
and MIS13 may indicate the presence of small, iso-
lated stands limited to the most protected areas in
the valleys.

MIS12 precedes MIS11, the latter being one of
the warmest isotopic stages in the continuous palyn-
ological record from Lake El’gygytgyn (Figs. 3, 4).

CONCLUSIONS

The palynological record that spans the interval
from 424—712 thousand years ago as preserved in
the sediments of Lake El’gygytgyn documents the
response of high latitude vegetation to interglacial
(MIS13, MIS15, MIS17), glacial (MIS16, MIS12)
and interstadial (included in MIS15, MIS13, and
MIS14) climates. The widespread distribution of
larch forests, with thickets of dwarf birch, alder,
and dwarf pine, typified the regional vegetation
during the warmest climates. During the cold stag-
es, a mosaic of herb tundra established near the
lake. This herb tundra was replaced by forest-tun-
dra communities in the valleys of the Anadyr Pla-
teau. Between 424-712 thousand years ago, the
climate was warmest during MIS15. The deepest
cooling occurred in MIS12. The persistent pres-
ence of larch pollen in the spectra clearly indicates
that even in extremely severe climatic conditions
that manifested during this portion of EI’gygytgyn

Received 11.02.2025.
Received after revision 21.02.2025.

record, larch forest-tundra persisted in areas of the
Anadyr Plateau and within the EI’gygytgyn cra-
ter. This vegetation differed sharply from the herb
dominated tundra that characterized many glacial
intervals in the Arctic during the Middle and Late
Pleistocene.
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ITAJIEOSKOJJIOI'MYECKHUE U3MEHEHMWA HA CEBEPE YYKOTKHA
B MOPCKHE M30TOIIHBIE CTAJUH 12-17

Joockun A. B.', Anoepcon I1. M., Kop3yn IO. A.', Hedopybosa E. IO.

! @I'BYH Cegepo-BocmouHblil KOMIIEKCHBIU HAYYHO-UCCIeO08AMENbCKULL UHCTIUNTYM
um. H. A. Hluno JBO PAH, 2. Mazcaoan
? Bawunemonckuii ynueepcumem, kagheopa Hayk o 3emne u kocmoce, Llenmp uemeepmuunbix
uccaeoosanuut, 2. Cusma, CLIIA

B nenpepbIBHOMN NaNMHONIOTMYECKOH JIETOMUCH 0CAJKOB KPATEPHOTO 03. DIbIBITBITIBIH H30TOIMHbIE
craaun 12—17 oxBatbiBatoT UHTEpBaI 424—712 ThIC. 1. H. BaXXHBIM XPOHOJIIOTHYECKHM pPErepoM
JUIS 9TOTO MHTEpBasa sinsercs rpanuna bpionec — Marysima (781 Thic. J1. H.), yCTaHOBIICHHAS [IPH
MajJeoOMarHUTHOM aHajHM3€ OCaJKOB O3epa. PermoHanbHas pacTUTENbHOCTb TEIUIBIX MEXKJIeTHH-
KOBBIX CTaJHMH XapaKTepU30BaJach LIMPOKUM PacHpOCTPaHEHHEM JIMCTBEHHUUYHBIX JIECOB, 3apOC-
JIel KyCTapHHUKOBEIX Oepe3, OJIbXOBHHKA, COCHBI CTIIAHUKOBOH. B X0II0IHEbIC CTaquy TOMUHUPOBAIH
MO3alyHble TPAaBIHUCTBIE TYHJPbI, CMEHSBILUECS B JJOJUHAX OKPYXKAIOIIEro 03€¢po AHaIbIPCKOro
TUTOCKOTOPBS JIECOTYHJIPOBBIMU coo0IIecTBaMu. B naTepBane 424—712 ThIC. JI. H. KIIMMAaTHYECKHE
napaMeTpbl OblTM Hambonee Bbicokue B MIS15 wu3oromnyro cragwro. Haumbonee rmyOokoe

MOXOJI0AaHue MposiBuiiocs MIS12.

Kniouesvie cnosa: mnieucroneH,

¢uTtoneHos.
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