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A B S T R A C T

Insect, tadpole shrimp and plant macrofodssil assemblages dated to different intervals of MIS5 are presented for
three sites in the northern part of the West Siberian plain: Karymkarskyi sor, Belaya Gora and Kiryas. The beetle
faunas suggest a relatively warm climate associated with boreal forest and marsh communities of the middle and
southern taiga type; this interpretation is in agreement with the paleobotanical studies. Evidence of warm cli-
mate is provided by the occurrence of the carabid beetle Trechus secalis, found in Karymkarskyi sor and Belaya
Gora sites. This fossil occurrence is referred substages to MIS5e and MIS5c on the basis of TL and U/Th dates, and
coincides with the presence of bark beetle remains at the Kiryas locality. Both plant macrofossils from the Belaya
Gora locality and tadpole shrimp remains from Kiryas site do not include species indicative of warmer-than-
present climate, despite the presence of residues of woody plants. Our data were compared with paleobotanical
data from a number of locatities in the central and northern parts of the West Siberian plain that have been dated
to MIS5 on the basis of TL and Th/U dates. Most of these sites yielded paleobotanical data indicative of relative
warm climate and forest vegetation. The exception is the Elizarovo point site, where the palynological data
indicate periglacial environments. Insect, crustacean and plant macrofossil data are well correlated with the
results of studies of fossil insect and paleobotanical data from other regions of Northern Eurasia and may confirm
warm and humid climate during some periods of MIS5 (substages 5e and 5c) and distribution of forest land-
scapes and corresponding insect complexes.

1. Introduction

The Last Interglacial (Marine Isotope Stage 5) is the subject of close
study by paleoecologists. There are a large number of publications on
the paleogeography, paleoclimatology and paleoecology of MIS5 from
the different regions of Northern Eurasia, in particular from Europe,
and from west and northeastern Siberia (Gurtovaya and Krivonogov,
1988; Arkhipov and Volkova, 1994; Astakhov and Mangerud, 2005;
Volkova et al., 2002, 2005; Arslanov et al., 2004; Velichkevich et al.,
2004; Novenko, 2016; Markova and Puzachenko, 2018 etc.). MIS5 is
thought to consist of three periods of warming alternating with two
colder stages. Besides the Eemian warm period (МІЅ5е), the other two
warm intervals are called the Brørup (MIS5с) and the Odderade
(MIS5а), separated by periods of cooling known as the Herning,
(MIS5d) and Redenstall (MIS5b) (Mangerud, 1989; Astakhov, 2009;
Arkhipov and Volkova, 1994; Engels et al., 2010; Volkova et al., 1988;
Volkova et al., 2005). According to the literature, the beginning of the

Eemian («Kazantsevo» in the Siberian regional stratigraphic scheme)
warming (MIS5e) in Siberia falls in the range of 138–140 thousand
years ago (based on Th/U-dating of bottom sediments of Lake Baikal).
The maximum bioproductivity occurred 131.5 to 128 thousand years
ago (Goldberg et al., 2002). The middle of the Eemian (Kazantsevo)
interval falls within 128–122 thousand years ago, and its end (transi-
tion from MIS5.4 to MIS5.5) i s correlated with the period of 113 - 100
thousand years ago (Goldberg et al., 2002). At the beginning of MIS5e.
the climate was much colder than today, then there was a sharp
warming, the peak of which fell in the middle of the MIS5e, which is
considered the warmest period of the Late Pleistocene. It is character-
ized by a marine transgression associated with rising global sea level
and widespread forests. At this time, broad-leaved tree species formed a
continuous forest belt across Northern Eurasia (Volkova et al., 2002).

Currently, of the MIS5 paleogeography accumulated a wealth of
material based mainly on paleobotanical and theriological data (Dutton
and Lambeck, 2012; Bakker et al., 2013; Engels et al., 2010; Markova
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and Puzachenko, 2018; Markova, 1985, 2000; Van Kolfschoten, 2000
etc.). In addition, the remains of insects from MIS5 assemblages have
beene studied from various regions of the Northern Hemisphere, in-
cluding North America (Elias, 2014), Europe (Coope, 1990, 2000, 2010;
Behre et al., 2005; Ponel, 1995; Walkling and Coope, 1996 etc.) and
North-Eastern Siberia (Kuzmina, 1989, 2015; Andreev et al., 2009 etc.).
However, there has previously not been any research on the composi-
tion of insect fossil assemblages from Western Siberia. There was some
discussion of regional insect faunas by S.V. Kiselev (1987), but these
faunas are not firmly dated to MIS5. However, paleobotanical data from
a number of sections associated with MIS5 on the basis of TL and Th/U
dating, have previously been studied in Western Siberia.

In the course of our research, subfossil insect data were obtained
from three locations attributed to the warm periods of MIS5 on the basis
of absolute (TL, Th/U) dates. These dates allow the comparison of the
fossil insect data from Western Siberia with MIS5 beetle complexes
from other parts of Eurasia. In addition, the extraction and identifica-
tion samples of insect and tadpole shrimp remains from the same fossil
sites and horizons allows the development of more complete re-
constructions of the fossil localities. These results will be compared
with the available data on the MIS5 paleogeography of this territory
and other regions of Northern Eurasia. This makes it possible to de-
termine whether the insect data obtained for the locations of the MIS5
period corresponds to the paleoenvironmental reconstructions based on
paleobotanical data here and elsewhere.

2. Materials and methods

2.1. Regional settings

The study area belongs to north-central part of the West-Siberian
plate, and disposed in the Low and Middle reaches of Ob’ River (Fig. 1).
Karymkarskiy sor site is located in the low reaches of Ob’, Belaya Gora
site – on the left bank of the River Vakh, right tributary of Ob’ and
Kiryas site – on the Middle streams of Ob. The study area belongs to the
northern sub-zone of the Middle Taiga and southern zone of North
Taiga (Ilyina et al., 1985). This region is characterized by a strong
wetland watershed, so zonal forest communities are often confined to
the valleys and floodplains (Ilyina et al., 1985). These fluvial systems
have developed widespread floodplain landscapes and corresponding
conditions of sedimentation. Besides this, the phenomenon of ‘‘heat

flow’’ exists down the large rivers, such as the Ob and Irtysh. This al-
lows the penetration of warm air masses northwards along the water
courses, which in turn facilitates the northward expansion of thermo-
philous insect species along the flood plains (Zinovyev, 2006).

The present day climate of the studied area is cool continental and
characterized by a mean low annual temperatures. Average annual
temperatures are the following: −1.9 °C (Low streams of Ob’,
Karymkarskiy sor site),−2.7 °C (Middle streams of Ob’, Kiryas site) and
−3.5 °C (Vakh River, Belaya Gora site). Mean July temperatures (Tmax):
18 °C (Low streams of Ob’, Karymkarskiy sor site), 17.8 °C (Middle
streams of Ob’, Kiryas site) and 17 °C (Vakh River, Belaya Gora site);
Mean January temperatures: −20.7 °C (Low streams of Ob’,
Karymkarskiy sor site), −21.7 °C (Middle streams of Ob’, Kiryas site)
and−22.7 °C (Vakh River, Belaya Gora site) (Climate-data.org: https://
ru.climate-data.org/).

The region is characterized by a wide development of cover Late
Cenozoic deposits, most of which were formed in the Quaternary
period. In the middle reaches of the Ob’ basin, the most complete
Quaternary sedimentary sequences are found in the body of theterrace
having a surface at an altitude of 120–140m a.s.l. The relative height of
the terrace is about 40m (Sheinkman et al., 2016).

Modern beetle faunas of this area characterized by dominance on
species, having boreal and multi-zone distribution (Zinovyev, 2002,
2007; Mordkovitch and Luybetchanskiy, 1999 etc.).

2.2. Materials and methods

This paper includes original data obtained in 2005, 2015 and 2017
by the authors. Samples from Karymkarskyi sor site were collected in
2005 by E.V. Zinovyev, samples from Belaya Gora and Kiryas sites were
collected by A.V. Borodin and S.F. Korkin in 2015 and 2017. Sampling
and subsequent laboratory processing were carried out according to
standard methods adopted for this type of analysis Samples for insect
and plant macrofossil analyses were sieved with the 0.25-milimeter soil
sieves according to standard methods (Kiselev, 1987; Rasnytsyn, 2008).
After subsequent drying, the plant detritus was viewed under a bino-
cular glass during which the remains of insects and notostracan crus-
taceans, seeds and plant macrofossils were extracted. Identification of
insect and plant fossils was based on comparisons with identified spe-
cimens in the beetle collection and herbarium of the museum of In-
stitute of Ecology of Plants and Animals Ural Branch of RAS. The
abundance of insect species was estimated using the minimum number
of individuals of a species equal to the maximum number of identified
fragments of one type (Gurina et al., 2018).

Environmental interpretations of insect assemblages based on the
data of the modern distribution and ecology of species found in these
layers. It includes such original data (Zinovyev, 2002, 2007; Koltunov
et al., 2009, etc.), as information from literature sources (Silfverberg,
2004, Kryzhanovskii et al., 1995; etc.). We analysed ratio of environ-
mental groups used by Kuzmina (2015), Sher and Kuzmina (2007) and
Sher et al. (2005) and latitudinal groups used by Zinovyev (2006).
However, we did not applied the Murual Climatic Range method im-
plemented for the paleoenvironmental interpretations of insect assem-
blages from Quaternary sediments in Europe and North America
(Atkinson et al., 1987; Elias, 1997, etc) because of uncertainties in
climatic ranges of a number of species. When analyzing the Bugs CEP
database (Buckland and Buckland, 2006), we found that the char-
acteristics of the species do not cover our region, so we believe that the
use of climatic characteristics of these species in our case is not correct.

Paleoclimatic reconstructions of insect data were providied by the
following way. After determining fossil material and assessing the ratio
of groups according to their current distribution and environmental
characteristics, we determine the type of complex on the base of clas-
sification proposed by us earlier (Zinovyev, 2006). In case of similarity
with the modern fauna of beetles known from the literature, the place
of this complex in the system of modern natural zoning of the region is

Fig. 1. Location of sites cited in the text: 1. – Karymkarskyi sor; 2. – Belaya
gora; 3. – Kiryas.
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determined. For this purpose, data on the current state of the en-
tomofaun of the study area (Kryzhanovskii et al., 1995; Zinovyev, 2002,
2007, etc.) are used. Then using the Climate-data.org website (https://
ru.climate-data.org/) determined by the temperature conditions of the
area, which is close to the environmental characteristics of the con-
sidered insect faunas.

Environmental interpretations of the tadpole shrimp (Notostraca:
Triopsidae) remains (represented by mandibles only) was also based on
the data of the modern distribution and ecology of species.
Identification of their mandibles became to be possible recently, al-
though there were only few previous attempts to identify their mand-
ibles in Pleisocene deposits (Kirillova et al., 2016; Kotov et al., 2018).
Some (5–10 from each sample) mandibles of the notostracans were
attached to the aluminum stubs without any additional drying, coated
with gold using an Edwards S-150A sputter coater and observed with
MV 2300 (Camscan, Cambridge, UK) scanning electron microscope.
Fortunately, there only two genera of the Notostraca in Palaearctic:
Triops Schrank, 1803 and Lepidurus Leach, 1819, with eight species in
both genera (Brendonck et al., 2008). According to AAK personal ob-
servations, mandibles of the latter have thinner transversal ridges on
the gnathal end (Kirillova et al., 2016) and better developed clusters of
small spines anterior and posterior to the mandibular ridges (termi-
nology according to Richter, 2004), the same clusters are on the ante-
riormost hump-like tooth. The longest spines in the clusters are char-
acteristic of L. arcticus (Pallas, 1793), which is also smaller as compared
with other taxa.

Interpretation of paleobotanical data of the studied sites is based the
literature data obtained earlier (Rusakov et al., 2019; Nikitin, 1970;
Laukhin et al., 2007, etc.).

Datings for studied sites (14С, TL и 230Th/U dates) are given from
literature sources. So, for Karymkarskyi sor site TL dating (130 ± 31
ka BP) is taken from Arkhipov and Volkova (1994). Radiocarbon dat-
ings for Belaya gora site is known from previous papers (Sheinkman,
2010; Sedov et al., 2016), besides that, it is known approximate 230Th/
U data (∼100 ky) (Rusakov et al., 2019). Kiryas site has a number of
radiocarbon dates. Some of them vere published by Laukhin (Laukhin
et al., 2007). Part of the samples for radiocarbon dating of Kiryas lo-
cality was sent by Korkin to the Laboratory of radiocarbon dating &
electronic microscopy of Institute of geography RAS and Center for
applied isotope research, Georgia state University (USA). Obtained
dates were calibrated by radiocarbon calibration program CALIB
REV7.1.0 (Reimer et al., 2013). 230Th/U dates of Kiryas site were given
from several publications of Laukhin (2009; Laukhin et al., 2007).

2.3. Description of studied sites

2.3.1. Karymkarskyi sor (Fig. 1, 1)
This site is situated on right bank of the Ob near Karymkary set-

tlement, in the lower reaches of Ob, KHMAO-Yugra, with coordinates of
62°03′21,1″N, 67°22′06,6″E. Geological description of the section is
given in a number of publications (Nikitin, 1970, Arkhipov and
Volkova, 1994; etc.). Sediments associated with MIS5 were layers of
peat near the bottom of the 25-m-high coastal cliff. Seven samples were
taken from this and underlying deposits. Five of them were taken from
the MIS 5e peat lens, one from the underlying silts with plant detritus
(depth 23.6–22.10m) and one from the boundary layer between the
underlying loam and the peat lens itself (Zinovyev, 2012). One TL date
of 130 ± 31 ka BP was established for the peat layer (Arkhipov and
Volkova, 1994).

2.3.2. Belaya Gora (Fig. 1, 2)
This site is situated on the right bank of the Vakh River in its middle

reaches (Nizhnevartovsk district, KHMAO-Yugra), with coordinates
61°27′N, 82°28′E. A detailed description of the section is given in a
number of publications (Zinovyev et al., 2016; Sedov et al., 2016;
Rusakov et al., 2019). In the upper part of this section there is a thick,

well developed paleosol. This layer has a calibrated radiocarbon age of
35,170 ± 350 yr BP (Beta- 410187) (Sedov et al., 2016). No insect
remains or plant macrofossils were found in this sample (Zinovyev
et al., 2016). The layers containing fossil material were found are at the
bottom of the section. Four samples were taken from depths of
16.7–16.95m (sample 1), 16.95–17.15m (sample 2), 17.7–19.7 m
(sample 3) and 19.7–20.45m (sample 4) (Zinovyev et al., 2016). Or-
ganic materials from the lower layer of buried soil unit gave results
outside the limits of the radiocarbon method: more than 40 kyr (СОАН-
7551, СОАН-7552) and greater than 43.5 ka BP (Beta 410188) (Sedov
et al., 2016). The sample, associated with the MIS5, was taken from a
depth of 16.7–16, 95m, it have the first estimate of 230Th/U data
(∼100 ky) suggest that the peat layer was deposited during the first
half MIS5 (Rusakov et al., 2019).

2.3.3. Kiryas (Fig. 1, 3)
The site is situated in the middle reaches of Ob River channel, in the

Kiryas estuary (Nizhnevartovsk district, KHMAO-Yugra). The location
corresponds to the Kiryas-1 section, described by Laukhin et al. (2007).
The coordinates are 60°57′19,0″N. 75°45′42,3″E. Two clearings within
Kiryas site have been made, one of these corresponds to the section
given in the publications of Laukhin (Kiryas-L.) (Laukhin et al., 2007)
(Fig. 3), the second made by S.E.Korkin (Kiryas-K) in 2017. Deposits
associated with MIS5 are exposed in the central part of the Kiryas-L
section, and represent 13 layers, according to description of Laukhin
et al. (2008). Peaty layers from the upper part of the Kiryas-K section
are correlated with MIS3. It based on the following radiocarbon dates:
for the depth 6,0–6,1m calibrated 14C data is 43871 (IGANAMS 5328,
UGAMS 27630) for the sample from the depth 8,20–8,40m –calibrated
14C data is 46647 (IGANAMS5327, UGAMS 27629). The following
consistent isochron-corrected U/Th ages were obtained for five samples
of the Kiryas-K section from the depth interval of 30–60 cm below the
top of the peat: 105.5 + 3.6/–3.3 and 104.4 + 4.4/–3.9 ka BP (L/L and

Fig. 2. Geological structure of Belaya Gora site (description made by
S.E.Korkin). Legend: 1– sands; 2 – boulder-pebble material; 3 – cryogenic
wedges; 4 – loams; 5 – peat layers; 6 –dimension of the sand fractions (particle
size: f - fine sand, m - medium sand, c - coarse sand); 7 – samples for radio-
carbon datings; 8 – samples of fossil insects and plant macrofossils.
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TSD model, respectively) (Laukhin, 2009). The sediments, underlying
peat and organic-rich silt of the period MIS5, consist of interbedded
sands and organic rich clays, that are associated with the end of MIS3.
Five samples were taken from this locality (Fig. 3). Sample 5 was col-
lected from layer 13 of Kiryas-L section (stratified sands) underlying
Late Pleistocene deposits. Sample 4 was collected from the layer of
organic-rich fluvial sediment, representing layer 12 of the Kiryas-L
section of underlying the lower peat deposit, sample 3 – from the lower
peat deposit dated by 230Th/U-method as 105 ± 3.6/3.3 thousands of
years ago (L/L) and 104.4 ± 4.4/3.9 thousands of years ago. Sample 2
yielded from the corresponding layer of Kiryas-2 section characterized
by presence of residues of woody plants. Ana, finally, Sample 1 was
taken from upper peat layer of Kiryas-L section, corresponding to MIS3
(based on the radiocarbon date of 43,871 ka BP).

3. Results

3.1. Subfossil insect data

3.1.1. Karymkarskyi sor
Insect data from six samples were examined from this site Within

the selected layers of this locality, the dynamics of beetle complexes is
traced, which is compared with climate changes, correlated with the
beginning of (Zinovyev, 2012).

A cryophilous insect fauna was described from a layer beneath a
thick peat deposit (Sample 1). Most of these insects have subarctic
distribution (Pterostichus pinguedineus, Dicheirotrichus mannerheimi,
Bembidion grapii etc.), some species have modern multi-zonal distribu-
tion and assotiated with birch (Betulapion simile) and willows (Lepyrus
sp.). This fauna is associated with subarctic tundra or forest tundra
environments and may reflect cooler than present climate conditions
(Zinovyev, 2012).

Fossil insect remains were found in Samples 2–6 of the peat deposit
and udrlaying stratum. Insect faunas of peat deposit are similar and
allow to reconstruct boreal environments. This assumption is based on
the presence of boreal (Pterostichus diligens, Hylastes sp. etc) and cos-
mopolitan (Dyschiriodes globosus, Bembidion guttula, Hydrobius fuscipes,
Acidota crenata etc.) beetle species, whereas arctic and subarctic species
are not found there. At the same time, beetle remains identified as the
thermophilous ground beetle Trechus secalis were found in three sam-
ples (Zinovyev, 2012). This species currently inhabits regions south of
the study region. The northern most occurrences of this beetle are in the

vicinity of Khanty-Mansijsk, Nizhnevartovsk and Surgut (Koltunov
et al., 2009; Zinovyev, 2007). Occurrence of bark beetle Hylastes sp. in
the sample 2 shows the presence of wood vegetation.

Insect assemblage from the upper stratum of this site (Sample 7) was
very poor (Table 1). These insects not allow to make any paleoenvir-
onmental reconstructions.

Fossil insects found in five samples of the peat deposit allows the
reconstruction of swampy habitats with woody vegetation and rela-
tively warm and humid climate, for which the average July tempera-
tures (Tmax) must be at least 17.7–18°С. Differences between fossil
beetle faunas of underlaying layer and peat deposit (samples 2–7) may
be considered as evidence of the MIS6-5 transition, because TL data
130 ± 31 ka BP (obtained for peat deposit) corresponds to the be-
ginning of MIS5e.

3.1.2. Belaya Gora
Insect remains were found in four samples collected in organic-rich

fluvial sediment of the lower part of this section (Fig. 2). Detailed de-
scriptions of insect faunas, seeds and plant macrofossils were published
earlier (Zinovyev et al., 2016; Rusakov et al., 2019).

One insect assemblage, Sample 2 (depth 16,95–17,15m), was col-
lected from peat layer having the preliminary 230Th/U data (∼100 ky)
correlated with the first half MIS5 (Rusakov et al., 2019). It contains
mainly cosmopolitan (Eubrychius velutus, Pterostichus nigrita, etc.) and
boreal (Trechus rivularis, T. secalis, Pterostichus diligens, P. strenuus)
species of beetles. The discovery of the riffle beetle of the genus Dryops
(Family Dryopidae) in sample 2 implies a fluvial origin for the forma-
tion of the studied layer.

Fragments of the thermophilous ground beetle Trechus secalis were
found here. The occurrence of T. secalis might be indicative of warmer
than modern climate because this species is distributed to the south of
the location of Belaya Gora today.

The combined presence of this beetle and other boreal species
(Pterostichus diligens, Trechus rivularis etc.) may reflect relatively warm
climate conditions similar to that of the modern middle taiga forest
zone (Zinovyev et al., 2016). It can be assumed that the presence of T.
secalis may indicate relatively warm climate characterized by the fol-
lowing parameters: average annual temperatures −2.5-2.7 °C, Tmax

17.7–18 °C, Tmin −21 °C (it corresponds to the nothern boundary of the
modern distribution of this beetle). The lower part of this peat deposit
yielded species associated with arctic tundra (sample # 4, depth
19,7–20,45m) and subarctic tundra environments (sample # 3, depth

Fig. 3. Geological structure of Kiryas site (description made by S.E.Korkin). Legend: 1– loess-like loams; 2 – gley paleosols; 3 – diagonal lamination sands - inclined
bedding of interlayers sand; 4 – silty clay loams; 5 – residues of woody plants; 6 – insect remains; 7 – remains of tadpole strimps.
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17,7–19,7 m). Fossil insect data from this locality allows the re-
construction of relatively warm climate during the time of accumula-
tion of the upper part of peat deposit, comparable with the Brørup in-
terval, MIS5c) whereas lower part of this organic deposit formed under
cold climate conditions.

In sample 1 (a depth of 16.70–16.95m) the joint findings of the
beetles, having modern arctic (Pterostichus sublaevis), subartic
(Pterostichus (Cryobius) spp), boreal (Pterostichus oblongopunctatus, P.
diligens, Trechus rivularis, etc.) and multi-zone (Dyschiriodes globosus,
Agonum fuliginosum, Olophrum rotundicolle, etc.) distribution could re-
flect the conditions of the northern taiga forests or open woodlands
(Zinovyev et al., 2016; Rusakov et al., 2019). The occurences of sub-
arctic species Pterostichus (Cryobius) spp. does not contradict the finds of
boreal beetles, because these insects inhabit not only tundras but ri-
parian forests within northen and middle taiga of West Siberia
(Zinovyev, 2002, 2007). Only finds of Pterostichus sublaevis may be re-
garded as real evidence of cold climate conditions.

The species composition of insects from samples 3 (17.7–19.7 m)
and 4 (19.7–20.45m) is analogous to the insect faunas of modern ty-
pical (sample 4) and shrub (sample 3) tundras of Western Siberia.
(Zinovyev et al., 2016; Rusakov et al., 2019).

So, fossil insect faunas found within in the middle part of Belaya
Gora section reflects the following climatic changes. Insects of the low
layers (19.7–20.45m and 17.7–19.7m) indicate cold climate. Insect
assemblage of Sample 4 allows to reconstruct average annual tem-
peratures not more than −10.5°С, average July temperatures were not
exceed than 7.6°С., from Sample 3 – annual temperatures not more than
−5,8 °C, average July temperatures not exceed than 15 °C.

3.1.3. Kiryas
Fossil insects were collected from the three sections, representing

two peat thickness from this site, and from underlying deposits.
Diagonal lamination sand layer 13 of the Kiryas-L section (Sample

4), underlying Late Pleistocene deposits, contains a cryophilous beetle
species (Table 2, Fig. 3) belongs mainly to subarctic species related to
tundra ecological group. These beetles inhabit both open habitats
(Pterostichus cf. pinguedineus, Fig. 4, 1, 2 and 10) and near aquatic
biotopes (Bembidion cf. grapii, Fig. 4, 9). Xerophilous beetles, such as the
pill beetle Morychus cf. viridis (Fig. 4, 11, 18), Poecilus (Derus) sp. and
weevils of t h e Cleoninae group, were also found here. No wood-
dwelling beetles were found in this sample. This insect fauna indicates a
dry climate that was colder than present there is no evidence of woody
vegetation.

Layer of organic-rich fluvial sediment from Sample 3, representing
layer 12 of the Kiryas-L section, directly underlying the lower peat
deposit, contains a rich beetle fauna with abundant remains of the
aquatic beetles Agabus spp., Hydroporus spp., Helophorus aquaticus
(Fig. 4, 10), H. sibiricus et al. The occurrence of the bark beetle Pityo-
genes irkutensis (Fig. 4, 19) indicate Fig. 4), Pterostichus diligens, and
Elaphrus uliginosus (Fig. 4, 14) and the pill beetle Simplocaria metallica.
However, the presence of subarctic species such as Diacheila polita, D.
arctica, Pterostichus cf. pinguedineus, Stereocerus haematopus and the
arctic species Pterostichus costatus (Fig. 4, 8), Amara alpina, and Tachinus
arcticus reflect cold climate conditions and landscapes similar to
modern forest-tundra or northern taiga.

Joint occurrences of arctic, subarctic and boreal beetle species in the
same faunas not contradict the features of modern insect communities
of the Northern taiga subzone of the studied area (Zinovyev, 2002,
2007; Mordkovitch and Luybetchanskiy, 1999). In particular, species of
sugenus Cryobius of genus Pterostichus. inhabit riparian forests of Middle
taiga subzone (Zinovyev, 2002). Moreover, Pterostichus (Cryobius) bre-
vicornis found under the cortex of standing and toppled trees in the
coniferous forests of the middle West Siberian plain (Zinovyev, 2006).
Mordkovitch and Luybetchanskiy (1999) found Amara alpina in the
vicinities of Noyabrsk (Northern taiga subzone of West Siberia). Only
Tachinus arcticus and Pterostichus costatus does not found in modern

Table 1
List of Coleoptera from the Karymkarskiy sor site. The numbers opposite each
taxon indicate the minimum number of individuals in the sample.

Taxon Samples

1 2 3 4 5 6 7

Order Coleoptera
Family Carabidae
Dyschiriodes cf. globosus (Hbst.) – – – 2 – – –
Trechus cf. secalis (Payk.) – 3 1 – – 1 –
Bembidion cf. assimile Gyll. – – – – – 1 –
Bembidion cf. guttula (Fabr.) 1 – – – – –
Bembidion cf. grapei Gyll. 2 – – – – – –
Bembidion sp. 1 – – – – – –
Patrobus cf. assimilis Chd. – 2 – – – – –
Pterostichus cf. diligens (Sturm) – – 1 – – – –
P. cf. pinguedineus Esch. 6 – – – – – –
Agonum cf. fuliginosum (Panz.) – – – 1 – – –
Dicheirotrichus cf. mannerheimi (R.F.Sahlb.) 1 – – – – – –
Carabidae indet. 1 1 2 1 1 2 –
Family Dytiscidae
Agabus (Gaurodytes) sp. – 1 – – 1 1 –
Hydroporus sp. – – – – – 1 –
Family Gyrinidae
Gyrinus sp. – – – – 1 – –
Family Hydrophilidae
Hydrobius cf. fuscipes (L.) – – 1 – – – –
Cercyon sp. – 3 – – – – –
Hydrophilidae gen. sp. 2 1 2 – – – 1
Family Liodidae
Agathidium sp. 3 – – – – – –
Family Staphylinidae
Acidota cf. crenata Mannh. – – – – – 1 –
Olophrum sp. – 1 1 2 – –
Omaliinae indet. – 1 4 2 1 2
Ocypus sp. – 1 – – – – –
?Ocypus sp. – 1 – – – – –
Quedinus sp. – – – – – 1 –
Stenus sp. – 1 1 – 1 –
Lathrobium sp. – – 1 1 – – –
Paederinae gen. sp. – – – – – 1 –
Staphylinidae indet. – – 1 1 1 – –
Family Nitidulidae
Brachypterus sp. – – 1 – – – –
Family Coccinellidae
Coccinellidae gen. sp. 1 – – – – – –
Family Clambidae
Clambus sp. – 3 1 – – – –
Family Helmidae
Dryops sp. – – – – – 1 –
Family Helodidae
Cyphon sp. – – – – – 1 –
Helodidae – – – – – 1 –
Family Erotylidae
Erotylidae gen. sp. – – – – 1 – –
Family Byrrhidae
Morychus sp. 5 3 – – 1 – –
Family Curculionidae
Limnobaris sp. – – – – – – 1
Lepyrus sp. 1 – – – – – –
Tournotaris cf. bimaculatus (Fabr.) – – – 1 – – –
?Anthonomus sp. 1 – – – – – –
Phytobius sp. – 1 – – – – –
Sitona sp. 1 – – – – – –
Phyllobius sp. – – – – – 2 –
Curculionidae indet 1 1 – – – –
Family Brentidae
Betulapion cf. simile (Kby.) 1 – – – – – –
Family Scolytidae
?Hylastes sp. – 1 – – – – –
Coleoptera indet. – 1 – – 1 3 1
Order Hymenoptera
Hymenoptera indet. – – – 1 – – –
Order Diptera
Diptera indet. – – 1 – – – –
Total number of individuals 27 26 19 10 9 19 5
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Table 2
List of Coleoptera from the Kiryas site.

Taxon Kiryas-L Kiryas-2,
Sample
4

Kiryas-
K,
Sample 5Sample 1 Sample 2 Sample 3

Order Coleoptera
Family Dytiscidae
Agabus (Gaurodytes)

affinis (Payk.)
1

A. cf. affinis (Payk.) 1
A. (Gaurodytes) sp. 1 13 8
Agabus sp. 1 2
Hydroporus sp. 16 10
Ilybius sp. 3 2
Colymbetes sp. 1 2
Family Gyrinidae
Gyrinus sp. 3
Family Carabidae
Carabus sibiricus F.-W. 1
Carabus sp. 1 1
Carabus sp. 1
Nebria nivalis (Payk.) 1
Pelophila borealis

(Payk.)
1

Diacheila arctica Gyll. 2
D. polita Fald. 2 5
Elaphrus riparius (L.) 2
E. uliginosus F. 2
Elaphrus sp. 1
Blethisa multipunctata

(L.)
3

B. catenaria Brown. 3
Dyschiriodes globosus

Hbst.
1 1 2

Dyschiriodes sp. 1
Bembidion cf. grapii

Gyll.
1 3

B. cf. macropterum
J.R.Sahlb.

1

B. cf. quadrimaculatum
(L.)

1

B. (Plataphodes) sp. 1
Bembidion sp. 1 1 1
Patrobus septentrionis

Dej.
1

Poecilus (Derus) sp. 2
Pterostichus cf.

discrepans A.Mor.
2

P. (Metallophilus) sp. 1
P. brevicornis (Kby) 2 10
P. cf. argutoriformis

Popp.
1 4

P. cf. pinguedineus Esch. 3 8 2 40
P. (Cryobius) sp. 1
P. mirus (Tsch.) 1
P. sublaevis (J.Sahlb.) 3
P. costatus (Men.) 1 1 9
P. vermiculosus (Men.) 2
P. montanus (Motsch.) 1
P.(Petrophilus) sp. 1
P. diligens (Sturm.) 1
Pterostichus sp.1 1
Pterostichus sp. 2 1
Stereocerus haematopus

Dej.
1 2

Agonum ericeti
quinquepunctatum
Motsch.

1

A. (Olisares) sp. 1
A. (Europhilus) sp. 1
Amara brunnea Gyll. 1
A. quenseli (Schoenh.) 1
A. alpina (Pk.) 3 12
A. torrida Pz 2 3
A. (Curtonotus) sp. 1
Amara sp. 1

Table 2 (continued)

Taxon Kiryas-L Kiryas-2,
Sample
4

Kiryas-
K,
Sample 5Sample 1 Sample 2 Sample 3

Dicheirotrichus
mannerheimi
(R.F.Sahlb.)

1

Harpalus sp. 1
Chlaenius costulatus

Motsch
2

Cymindis vaporariorum
(L.)

1

Carabidae indet 1
Family Hydrophilidae
Helophorus aquaticus

(L.)
1

H. cf. aquaticus (L.) 26
H. sibiricus Motsch. 2
Helophorus sp.1 1 7
Helophorus sp.2 1
Hydrobius fuscipes (L.) 1 2 1
Family Liodidae
?Colon sp. 1
Family Staphylinidae
Olophrum sp. 4 1 1 13
Omalinae indet. 1
Stenus sp. 3
Tachinus arcticus

(Motsch.)
15

T. cf. arcticus (Motsch.) 7 1
T. brevipennis J.Sahlb 2
Tachinus sp. 1
Quedinus sp. 1
Staphylinidae indet. 1 1
Family Scarabaeidae
Aphodius sp. 4
Family Byrrhidae
Simplocaria semistriata

(F.)
6

S. cf. semistriata (F.) 1
S. metallica (Sturm.) 9 1 2
Simplocaria sp. 1
Morychus cf. viridis

Kuzm. et Kor.
5 1

Family Anobiidae
Caenocara bovistae

(Hoffm.)
1

Family Elateridae
Hypnoidus sp. 1
Family Coccinellidae
Hippodamia arctica

Schneider
2

Family Cerambycidae
Cerambycidae indet 1
Family Chrysomelidae
Chaetocnema sp. 1
Chrysolina spp. 2 5
Hydrothassa

hannoverana (F.)
3

Family Curculionidae
Tournotaris bimaculatus

(F.)
2 3 2 3

Notaris aethiops (F.) 2 1
Lepyrus nordenskjoeldi

Faust.
3

L. cf. nordenskjoeldi
Faust

1

Stephanocleonus eruditus
Faust

2

Cleonini indet. 1
Callirus sp. 1
Hypera sp. 2 3
Pelenomus velaris (Gyll.) 1 1
?Isohnus arcticus Kor. 1
Ceutorhynchinae 1
Phyllobius sp. 1
Curculionidae indet. 2 1 1 1

(continued on next page)
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boreal faunas. It is possible, that during rapid climate changes and
expansion of woods some of these species could be preserved for some
time in this area as part of other beetle complexes.

In the lower peat deposit dated by 230Th/U-method as 105 ± 3.6/
3.3 thousands of years ago (L/L) and 104.4 ± 4.4/3.9 thousands of
years ago, only a single elytron of the water beetle Agabus sp. was
found. However, a contempory layer of peaty clay from the Kiryas-3
section y i e l d e d some wood-associated beetles, such as the bark
beetles Phoelotribus spinulosus (Fig. 4, 15), Polygraphus sp., and the
weevil Callirus sp.) as well as inhabitants of forest litter, such as the
ground beetle Amara brunnea. The presence of subarctic beetles, such as
Bembidion cf. macropterum, Pterostichus cf. pinguedineus, and Dicheiro-
trichus mannerheimi, Fig. 4, 6) indicate cooler than present climatic
conditions, because these beetles currently inhabit the northern part of
the study region. The combination of subarctic and boreal species al-
lows the reconstruction of landscapes similar to northern taiga forests
during the Brørup interstadial of MIS5.

And finally, from the upper peat layer of Kiryas-K section, corre-
sponding to MIS3 (based on the radiocarbon date of 43,871 ka BP), a
representative sample contained a total of 402 fragments assigned to
218 individuals. This assemblage contains mainly arctic (Tachinus arc-
ticus and Amara alpina, etc.) and subarctic species (Pterostichus brevi-
cornis, P. cf. pinguedineus etc.), as well as some steppe beetles (Poecilus
(Derus) sp., Stephanocleonus eruditus. In addition, near-aquatic and
aquatic beetles found in this sample. Some of them (Nebria nivalis,
Bembidion grapii) have subarctic distribution. Species of forest ecolo-
gical group belongs to pill beetles of genus Simplocaria (S. semistriata
and S. metallica), these insects inhabit intrazonal biotopes within taiga
zone but cannot indicate the presence of woody vegetation. So, this
insect fauna reflects the cold climate and open, tundra-like landscapes,
corresponding to Middle Pleninglacial (MIS3).

MIS3 is defined as the cold period in the European part of Russia
and Western Siberia. It confirmed by analysis of spore-and-pollen and
plant macrofossil data, insect and mammalian faunas (Laukhin et al.,
2007; Arkhipov and Volkova, 1994; Krivonogov, 1988; Legalov et al.,
2016; Borodin and Kosintsev, 2001). According to Laukhin (Laukhin
et al., 2008) this time is characterized dy wide distribution of open
tundra-like landscapes reached the territories of middle reaches of Ob
River.

Thus, subfossil insect data shows a sequence of paleoenvironmental
conditions at the Kiryas site. Insect data from the Sample 1 of lower part
of the Kiryas-2 section (corresponding to layer 13) indicates cold cli-
mate and the absence of trees. It allows to assume the formation of the
layer in cold and arid climate conditions.

Insect material from overlying layer 12 in Kiryas-L section, shows
the presence of trees (such as spruce and larch), however the climate
was cooler than present. This insect fauna allows to reconstruct the
environmental conditions, characterized by the following parameters:
average annual temperatures −6 °C, Tmax 14 °C, Tmin −24 °C. It cor-
responds with modern climate of North Taiga subzone. It is possible, the
buried peat (corresponding to layer 12), sampled from the Kiryas-2
section and dated by 230Th/U- method as 105 ± 3,6/3,3 ka BP (L/L) и
104,4 ± 4,4/3,9 ka BP (TSD), formed in the same paleoenvironmental
conditions. Finally, the upper peat horizon of Kiryas-K section, (Sample
4)corresponding to MIS3 (based on the radiocarbon date of 43,871 ka
BP), formed in the severe climate conditions and open landscapes si-
milar to modern tundra: average annual temperatures −9 °C, Tmax

9,5 °C, Tmin −25 °C.

3.2. Tadpole shrimp remains (Notostraca: Triopsidae)

Numerous notostracan mandibles were found in the sections Kirias-
K and Kirias-L. All of them belong to a single species Lepidurus arcticus
(Fig. 5) which is “circumpolar in areas of continuous permafrost in the
Arctic and subarctic regions”, although some isolated populations are
present in more southern regions like Kurile Islands, Primorsky Krai

Table 2 (continued)

Taxon Kiryas-L Kiryas-2,
Sample
4

Kiryas-
K,
Sample 5Sample 1 Sample 2 Sample 3

Family Apionidae
Trichapion simile (Kby.) 1
Hemitrichapion cf.

tschernovi (T.-M.)
1 1

Apionidae gen. sp. 1
Family Scolytidae
Pityogenes irkutensis

Eggers
1

Phoelotribus spinulosus
Rey.

2

Polygraphus sp. 1
Order Hemiptera
Family Corixidae
Corixidae indet. 1
Order Hymenoptera
Hymenoptera indet. 1 1
Insecta indet. 1 1
Total number of

individuals
30 150 1 33 218

Fig. 4. Insect remains of Kiryas site: 1. Pterostichus cf. pinguedineus left elytron,
Kiyas-L, Sample 2; 2. Pterostichus cf. pinguedineus right elytron Kiryas-L, Sample
2; 3. Hydrothassa hannoverana, left elytron, Kiryas-L, Sample 2; 4. Chlaenius
costulatus, right elytron Kiryas-L, Sample 2; 5. ?Pissodes sp., piece of elytron,
Kiryas-L, Sample 3; 6. Dicheirotrichus mannerheimi, left elytron Kiryas-L; 7.
Cymindis vaporariorum, head, Kiryas-L, Sample 3; 8. Pterostichus costatus, piece
of elytron Kiryas-L, Sample 3; 9. Bembidion cf. grapii, left elytron Kiryas-L,
Sample 3; 10. Helophorus aquaticus, right. elytron Kiryas-L, Sample 2; 11.
Morychus cf. viridis, left elytron Kiryas-L; 12. Harpalus sp., left half of pronotum,
Kiryas-L, Sample 3; 13. Pterostichus cf. pinguedineus, pronotum, Kiryas-L, Sample
3; 14. Elaphrus uliginosus, right half of pronotum, Kiryas-L, Sample 2; 15.
Phoelotribus spinulosus, right elytron Kiryas-L; 16. Tachinus sp. right elytron,
Kiryas-L, Sample 3; 17. Hemitrichapion cf. tschernovi, left elytron, Kiryas-L,
Sample 3; 18. Morychus cf. viridis, left half of pronotum, Kiryas-L, Sample 3; 19.
Pityogenes irkutensis, top of left elytron, Kiryas-L, Sample 2. Scales 1mm for
1–15 and 0.5 mm for 16–19.
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(Rogers, 2001) and even Middle Portion of European Russia
(Administration of Vladimir Area, 2018), therefore this taxon could be
regarded as Arcto-boreal. In contrast to other notostracans mainly in-
habiting small temporary ponds, this taxon occur in both ephemeral
ponds and shallow water zone of large tundra lakes. It is clearly adapted
to live in cold water and have a temperature optimum at 10 °C. This
species should be considered as stenothermal, because it seems to be
able to live only within a narrow temperature range (Lakka, 2013).
These results correlated with fossil insect data, showing cool climate
conditions. Ecolocical requirements of species Lepidurus arcticus not
contradict to occurences of boreal and subarctic species at this site.

3.3. Paleobotanical data

In the present work we used the available literature data on spores,
pollen and plant macrofossils.

3.3.1. Karymkarskyi sor
The pollen spectra from the layers underlying the peat deposit and

dated to the end of MIS6 correspond to treeless landscape in periglacial
conditions (Arkhipov and Votakh, 1989), as indicated by the dom-
inance of pollen of non-woody plants, shrub birch and heather. The
herbaceous pollen belongs to gramineae and grasses, besides Ephedra
(Levina, 1979). The peat deposit with a TL date of 131 ± 31 ka BP
(Arkhipov and Volkova, 1994) is characterized by pollen spectra
dominated by tree taxa: spruce, pine and birch, and possibly larch.
Pollen of aquatic plants was consistently present; spores of ferns were
also found. This spectrum allows the reconstruction of spruce-pine-
larch and birch woodlands. Finally, the spore-pollen spectrum from the
peaty loam deposit overlying the peat deposit is characterized by the
dominance of tree pollen, mainly birch and spruce; it corresponds to the
presence of birch and spruce forests (Levina, 1979).

Seeds and other plant macrofossils from the peat deposit of the
Karymkarskyi sor locality also represent relatively thermophilic species,
such as Isoetes echinospora Dur., Potamogeton obtusifolius Mart. et Косh,
Najas marina L., Hydrocharis morsus-ranae L., Nymphaea candida Presi,
and Fragaria viridis Duch. etc. These occurrences allowan interpretation
of a northward shift of modern vegetation zones under climatic con-
ditions a little milder than modern (Martynov and Nikitin, 1964;
Arkhipov and Volkova, 1994). This reconstruction matches those made

on the basis of palynological and malacological analyses of sites in
Western Siberia, known from literature. Previous research has indicated
that MIS5e was characterized by the development of taiga forest ve-
getation, some broad-leaved species (linden, oak, elm) in the forests of
the middle reaches of the Ob (Laukhin et al., 2007, etc.).

3.3.2. Plant macrofossil data from Belaya Gora section were published
earlier (Zinovyev et al., 2016; Rusakov et al., 2019)

In the lower part of the peat deposit (sample 4, depth -
19,7–20,45m, layer 15) the identified plant species allow the re-
construction of landscapes similar to typical modern tundra. Species
associated with woody plants and aquatic habitats were not found. The
plant macrofossil assemblage is characterized by grass communities
with vegetation associated with high humidity habitats. The plant
macrofossils from sample 3 include relatively cryophilic, swampy
tundra species such as Betula nana, Ranunculus hyperboreus and the
water species Potamogeton sibiricus. These plants are characteristic of
the flora of Yakutia and the Taymyr Peninsula (Flora of Siberia, 1988;
Pospelova and Pospelov, 2007). Among the grasses, the sedge Carex,
buttercups Ranunculus, and bloodroot Potentilla prevail. The presence of
aquatic taxa, such as Batrachium, Potamogeton, and Myriophyllum verti-
cillatum, and taxa associated with disturbed soils, such as Potentilla and
Dianthus, indicates erosion processes of the soil cover as a result of
surface activity. Plant macrofossils found in sample 2 represent woody
vegetation, including Picea obovata, Larix sibiriсa, Betula sect. Albae, and
Rubus idaeus). Taxa associated with bankside thickets and woodland
edges include Naumburgia, Thalictrum cf. minus, Urtica dioica, etc.) are
abundant. Among grasses, the remains of swamp plants dominate, such
as Carex, Comarum palustre, and Calla palustris. Singular remains of
semi-aquatic and aquatic species were found, including Sparganium,
Hippuris vulgaris, and Potamogeton. The composition of the paleoflora of
sample 2 does not show any indicative species of warmer or colder
climate in comparison with modern climate. The assemblage of plant
macrofossils from sample 1, together with boreal plant species, con-
tained the relatively cryophilic swamp-tundra species: Ranunculus hy-
perboreus, Selaginella selaginoides and R. cf. pygmaeus. Taxa of forest
swamps (Calla palustris and Typha) are present, along with an individual
specimen of the aquatic taxon Batrachium (Zinovyev et al., 2016;
Rusakov et al., 2019).

3.3.3. Kiryas
Spore and pollen spectra were obtained for layer 12, showing the

presence of forb-grass meadows, and damp swamps in depressions
(Laukhin, 2009). On the north slopes, the tundra plants, dwarf birch,
and heather were represented, while in the river valleys small areas of
birch woodland with larch and spruce existed (Laukhin, 2009).

So, the paleobotanical data from the most of samples of Belaya gora
and Karymkarskyi sor localities generally agree well with the fossil
insect results obtained from the same layers. Some discrepancies are
noted in Sample 2 of the Belaya Gora locality where the finding of a
thermophilic carabid beetles (Trechus secalis) is not confirmed by the
presence of heat-loving plant species, plant macrofossil floras are more
consistent with those of layer 12 of the Kiryas locality desciberd in the
literature (Laukhin, 2009).

4. Discussion

Based on abundant paleontological evidence, the climate of the
Eemian Interglacial was warmer than that of the recent Holocene in-
terglacial. Mean July temperatures in the Northern Hemisphere may
have been 0.3–5.3 °C above that of the present day (Dutton and
Lambeck, 2012; Bakker et al., 2013; Markova and Puzachenko, 2018).
The end of this warming occurred in the middle of MIS5d, a short-term
cooling associated with the end of this substage. T h e МІЅ5с period
corresponds to warming, although not as significant, after which came
another cold interval (MIS5b), which was replaced by short-term

Fig. 5. Mandibles of Lepidurus arcticus (Notostraca) from Kiryas-2 section. 1,
several mandibles attached to single stub; 2, mandible distal portion; 3, clusters
of long spines on transversal teeth; 4, anterior hump-like tooth and two next
teeth with cluster of these spines. Scales 1mm for 1–2, 0.1 mm for 3–4.
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warming (МІЅ5а) from 84 to 74 thousand years ago (Astakhov, 2009).
The data from this study were compared with the published data on

the paleoenvironments of the MIS5 period in Western Siberia and other
regions of Northern Eurasia, based on both spore-and pollen, plant
macrofossil and insect data (Aalbersberg and Litt, 1998; Van Andel and
Tzedakis, 1996; Frenzel, 1992; Behre, van der Plicht., 1992; Ponel,
1995, Coope, 2000, 2010; Nazarov, 1984; Andreev et al., 2004, etc.).

4.1. Comparison with paleontological data from other MIS5 localities in
West Siberia

Spore-and-pollen data from other localities of West Siberia corre-
lated with MIS5 shows the well expressed dynamics of paleoevironment
during that time (Arkhipov et al., 1978; Arkhipov et al., 1987; Arkhipov
and Volkova, 1994; Gurtovaya and Krivonogov, 1988; Arkhipov and
Votakh, 1989; Kind, 1974; Astakhov et al., 2005 etc.).

So, palynolocical spectra of Elisarovo site (Fig. 6, 6 ) from the layer
dated by 130 + 27 ka BP (depth 9,57–14,57 m) and referred to be-
ginning of MIS 5e shows periglacial conditions and represent treeless
vegetation with Artemisia and Chenopodiaceae (Arkhipov et al., 1978;
Arkhipov et al., 1987).

Warm climate conditions and presence of conifer woodlands re-
constructed for MIS5e on the base of palynological data of
Kormuzhikhanskiy yar (Fig. 6, 4). The peat deposit of the site has TL
date of 130 ± 31 and correlated with MIS5e (Arkhipov and Votakh,
1989). The same paleoenvironment reconstructed for Khanty-Mansiysk
locality (Fig. 6, 11) from paleosol, dated by the TL-method to
130 ± 25 ka BP, This vegetation reflects the development of southern
taiga forests and belongs to MIS5e. (Arkhipov and Volkova, 1994;
Arkhipov et al., 1987). Spore-and-pollen spectra of Gornaya Subbota
site, which has TL data 130 + 27 ka BP. (Fig. 6, 12), has the well
expressed forest type of spectra is typical, where pollen of wood species
reaches 73–80%; these data allow this layer to be associated with stage
MIS5e (Gurtovaya and Krivonogov, 1988).

In addition warm climate conditions were reconstructed for Late
Pleistocene layers, corresponded to MIS5e wer taken from the Mys
Karginskyi locality (lower reaches of the Enissey River, Fig. 6, 15). Sand
layers contained the remains of the freshwater clam Arctica (=Cyprina)
islandica dated by the EPR method to 121.9 ka BP (Katzenberger and
Grun, 1986). The occurrence of this species allows the reconstruction of

warmer than present climate, because A. islandica inhabits the rela-
tively warm areas of t h e Barents and White seas (Wanamaker et al.,
2009; Butler et al., 2013).

Most of localities from Western Siberia were dated by MIS5c. So, in
peat deposits of Kormuzhikhanskiy yar (Fig. 6, 4) with a TL date of
110 ± 27 ka BP the spore-and- pollen spectra similar to modern
middle taiga forests were described (Arkhipov and Votakh, 1989). Pa-
lynological data have been obtained for layers of loam, dated by TL
method at 110 ± 15 ka BP (depth 11 м) from Bogdashkiny gory lo-
cality (Fig. 6, 5). Spore-and-pollen spectra from this layer shows the
dominance of pine-spruce-birch, then mixed coniferous and birch for-
ests with pine, Siberian pine and fir with herbaceous cover (Arkhipov
and Votakh, 1989).

The peat layer from the middle part of the Shuryshkary section
(coordinates 65°55′N, 65° 30′E; Fig. 6, 7) has two 230Th/U-dates:
113 ± 14 ka BP (by leaching method) and 141 ± 11,7 ka BP (by the
complete dissolution method) (Astakhov et al., 2005). Spore-and-pollen
spectra are typical for the southern part of northern taiga forests with
spruce and some fir (Laukhin et al., 2007). The peaty gyttja layers of
Kolpashevo (Fig. 6, 8) section has been dated (Th/U) at 108 ± 18(12)
ka BP (Arkhipov and Volkova, 1994). The pollen spectra reflects forest
vegetation with a predominance of spruc; single occurrences of Larix,
Betula sect. Nanae, Alnus, and thermophilous trees, such as Quercus,
Corylus, Ulmus have been identified(Maksimov et al., 2017). In the
lower part of Tugiyan-Yugan locality (Fig. 6, 9) the layer correlated
with MIS5c on the base of TL date of 110 ± 14 ka BP. The pollen
spectrum from this layer is characterized by the dominance of birch
(Arkhipov and Volkova, 1994).

Peat deposit of Tchembakchino section (Fig. 6, 10) has 230Th/U-
dates have been obtained from including 114.2 ± 22.1/14.7 ka BP
(based on L/L) and 110.1 ± 6.7/5.9 ka BP(based on TSD) (Laukhin,
2009). Pollen spectra reflect warmer climate corresponding to modern
middle taiga, with the inclusion of a number of broad-leaved trees, such
as Quercus, Corylus, and Ulmus (Laukhin, 2009). Spore-and-pollenl data
from Malaya Kheta section (Fig. 6, 13) (TL date of 112 ± 6 ka BP
(Astakhov et al., 2005) reflects vegetation cover indicating warmer
than present climate and corresponds to taiga forests with a pre-
dominance of Picea and Pinus sibirica and an admixture of Abies (Kind,
1974; Astakhov et al., 2005).

Mammalian and insect data from Yarsino site (Fig. 6, 14) were
obtained from the basal part of Yalbynya suite deposits, correlated with
the beginning of MIS5, and overlying deposits of middle Pleistocene age
(end of MIS6) (Smirnov et al., 1986). The fossil insect assemblage is
rather poor and represents arctic and subarctic beetles (Amara alpina,
Pterostichus cf. pinguedineus) and may indicate cold climate conditions.

Thus, the majority of paleontological data from these sites may be
associated with the warm substages of MIS5 (5e and 5c), and show the
distribution of forests in West Siberia during the last interglacial, re-
flecting relatively warm climate conditions. Moreover, warm climate
conditions have also been reconstructed for regional fresh water and
oceanic waters, associated with stage MIS5e on the basis of mollusk
data.

4.2. Comparison with paleonological data from other regions of Northern
Eurasia

The distribution of forests in Europe during MIS5e and 5c was a
consequence of the relatively warm and humid climate that existed in
these periods in the Northern Hemisphere (Frenzel, 1992; Dutton and
Lambeck, 2012; Bakker et al., 2013; Markova and Puzachenko, 2018
etc.).

According to the published data, the warmest stage of the early
Eemian (MIS5e) correlated with the period 130–125 ka BP with a
gradual cooling to more similar-to- present conditions afterwards (van
Andel and Tzedakis, 1996; Aalbersberg, Litt, 1998).

Subfossil insect data are correlated with the dynamics of natural

Fig. 6. Location of sites cited in the text: 1. – Belaya gora; 2. – Kiryas; 3. –
Karymkarskyi sor; 4. – Kormuzhikhanskyi yar; 5. – Bogdashkiny gory; 6. –
Elizarovo; 7. – Shuryshkary; 8. – Kolpashevo; 9. – Tugiyan-Yugan; 10. –
Tchembakchino; 11. – Khanty- Mansiysk; 12. – Gornaya Subbota; 13. – Malaya
Kheta; 14. – Yarsino; 15. – Mys Karginskyi.
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communities during MIS5. Fossil insect faunas from the Eemian lo-
calities of England, Germany and France also indicate conditions of
warmer-than-modern climate (Coope, 1990, 2000; 2010; Behre et al.,
2005; Ponel, 1995). Thermophilous insect faunas have been described
for Eemian (MIS5e)-age localities in Belarus (Nazarov, 1984, 1986) and
lower reaches of the Volga and Ura Rivers (Bidashko, 1994; Bidashko
and Proskurin, 1984).

Insect faunas of Karymkarskiy sor site suggests the warm climate
conditions, although a small number of insect remains in the studied
samples does not allow for more detailed reconstructions. We use only
one indicator of warm climate, ground beetle Trechus secalis, in this site.

The subsequent warm episodes of MIS5 are associated with the
Herning (5d) and Brørup (5c) interstadials. The return of a forest en-
vironment is demonstrated by the development of rich tree-dependent
insect faunas, described from localities in (Ponel, 1995; Walkling and
Coope, 1996). Insect assemblages from France and Germany reflect
conditions of relatively warm climate. Moreover in the Gröbern lo-
cality, fossil beetle data allow the reconstruction of two peaks of
summer temperatures – the first for the period MIS5d (Herning inter-
stadial), the other for MIS5с (Brørup interstadial) (Walkling and Coope,
1996).

Warm climate conditions may be reconcstructed for the layer of
Belaya gora site, which has known approximate 230Th/U data (∼100
ky) (Rusakov et al., 2019). The occurrence of Trechus secalis may in-
dicate average annual temperatures −2.5-2.7 °C, Tmax 17.7–18 °C and
Tmin −21 °C.

In northeastern Siberia, sedimentary layers from MIS5 are not
strongly pronounced. Paleobotanical and fossil insect data from two
MIS5 sections (Kuobakh Beds on the Alazeya River and the Krest-
Yuryakh Formation in the Laptev Strait) are indicative of forest–tundra
environments, with a steppe–tundra admixture (Kuzmina, 2015). So,
the environmental records from Eemian deposits of the Krest-Yuryakh
Formation in the Laptev Strait (Bol'shoy Lyakhovsky Island site) show
that shrub tundra and forest-tundra with numerous lakes dominated the
area during the Eemian optimum (130–110 ka BP) (Kuzmina, 2015;
Andreev et al., 2004). At the same time, insect assemblages from the
Kuobakh Beds of the Alazeya section (Kuzmina, 2015, 1989) contain a
significant number of forest beetle species, which may be an indicator
of interglacial environments and the climate close to the modern one or
even warmer (Kuzmina, 2015).

5. Conclusions

The results of our research indicate a wide-spread distribution of
forest vegetation and associated thermophilous insect faunas from the
Western and Eastern parts of Northern Eurasia during warm periods of
MIS5. In particular, the wide development of forest vegetation of
mainly middle- and north-taiga types is interpreted from fossils ex-
tracted from the sediments of the West-Siberian plain. These deposits
come from MIS5, including the studied floras and faunas from
Karymkarski sor, Belaya Gora and Kiryas sites. Environmental re-
constructions of relatively warm climate made for these localities are
based mainly on the basis of the presence of xylobiont species (mainly
bark beetles associated with spruce and larch). The only beetle species
indicative of slightly warmer than present climate is a ground beetle
Trechus secalis, in which was found from the Karymkarskiy sor (MIS5е)
and Belaya Gora localities (MIS5с). For both of these localities, the
underlying beetle faunas contained only arctic and subarctic insect
taxa. Similar changes in fossil beetle assemblages and their associated
plant communities were described from the Kiryas locality, despite lack
of T. secalis fragments in MIS5с layers.

Insect faunas of Kiryas site not suggests warmer-that-present climate
and allows reconstructing cool climate conditions, similar to those of
West Siberian modern north taiga. These conclusions correlated with
occurences of cold-adapted tadpole shrimp (Lepidurus arcticus), which
may be difined as subarctic species.

Likewise, the influence of MIS5 warmings on the species composi-
tion of insect assemblages has previously been established for several
localities in the western part of the Eurasia (Western and Eastern
Europe). In the central and eastern parts of Northern Eurasia (Western
and North- Eastern Siberia), a significant increase in air temperature
and the corresponding transformation of landscapes in the warm per-
iods of MIS5 are also confirmed by insect data. However, these few
fossil insect assemblages fromWest Siberia that are reliably dated to the
warm periods of MIS5 are not sufficient to allow more detailed re-
constructions of the nature of regional insect faunas from MIS 5 to be
made In the West Siberian plain only three insect fossil assemblages
may be reliably attributed to the warm stages of MIS5. However, the
paleobotanical data from this period in Western Siberia allows a better-
detailed characterization of the regional flora.
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