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Climate change is one of the most widely discussed
subjects in science and society today. Among different
studies of climate variability, palaeoreconstructions
are of a special importance, because they allow cli�
matic changes to be traced over long periods of time.
Natural “archives” (lake sediments, soils, ice, etc.)
still remain a valuable source of information on the
climate development in remote historical past. In this
regard, palaeoclimatic studies aimed at obtaining not
only detailed qualitative reconstructions of the past
environmental conditions, but, more importantly,
quantitatively reconstructing of the climate are of a
particular importance as part of identification of his�
torical trends in the development of Earth’s climate
and validation of global climatic models.

The use of remains of chironomid head capsules
preserved in lake sediments is increasingly popular in
paleoclimatology [1]. Chitinous head capsules of chi�
ronomids are usually numerous in lake sediments and
readily identifiable. Due to cosmopolitan distribution,
which is limited globally by the air temperature, chi�
ronomids are among the best indicators of the climate
changes [2] and have significant potential for the
assessment of the other environmental changes.

However, all quantitative reconstructions using
biological indicators, including chironomids, are

based on empirical statistical models developed on the
basis of the regional calibration datasets.

Over the past decades, it has been shown that,
among other climatic factors, mean July air tempera�
ture is most significantly correlated with the distribu�
tion of chironomids. Regional databases lead to devel�
opment of the statistical models for the reconstruction
of the mean July air temperature that are widely used
in northern Europe and North America [3–6]. More
recently, similar models have been used in Russia [7,
8], leading to obtaining highly accurate reconstruc�
tions of palaeoclimate [9, 10]. Such a study for Central
Russia has been carried out for the first time.

The aim of our study was to conduct a quantitative
reconstruction of the mean July air temperature and
palaeoecological conditions of the Holocene in Cen�
tral Russia from the sediment core of Lake Glubokoye
using chironomids (Diptera: Chironomidae) as bio�
proxy.

Lake Glubokoye (Ruza raion, Moscow oblast) has
a rounded shape; the lake area is 0.59 km2 with a max�
imum depth of 32 m. The lake has one outflow, the
Malaya Istra River. A sediment core was recovered
from the ice (55°45′537′ N, 36°30′472′′ E) in a bay in
the northern part of the lake (a small basin) from a
depth of 3.3 m. The total length of the core was 4 m.

According to radiocarbon analysis, the core covers
the the Late Glacial and the whole Holocene [11]. The
whole sediment core was sampled for chironomid
analysis. Samples were processed according to a stan�
dard method [2]. Identification was performed using a
modern specialized identification manual [12] and
national collection of chironomids from the Natural
History Museum, London, United Kingdom.

Stratigraphic diagram was made in C2 (figure).
Horizons 649–728 cm and 503–560 cm were either
empty or contained too few head capsules and, there�
fore, were not included in the statistical analysis. Prin�
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cipal component analysis (PCA) was used to study the
general trends in species composition. Reconstruction
of the mean July temperature (T July) was done using
the Russian chironomid model [8].

Using BSTICK ZONE software [13] and PCA axes
1 and 2, we distinguished five statistically significant
zones in the sediment core.

Zones I–II: Horizons 581–637 cm (10 725–
10 400 cal. years BP). Taxonomic diversity of the chi�
ronomid communities is low. The number of taxa in
the samples varies from 9 to 12. The dominant com�
plex includes taxa associated with aquatic vegetation,
indicating moderate or cool temperature conditions
(Paratanytarsus penicillatus�type, Polypedilum sor�
dens�type, Dicrotendipes nervosus�type, Zavreliella�
type). In Zone I, a fairly high number of Limnophies is
found. This taxon is primarily associated with shallow
waters and is an indicator of an unstable water level.
The dominant taxa in this zone are Paratanytarsus
penicillatus�type and Psectrocladius sordidellus�type.

Zone II is dominated by Polypedilum sordens�type,
Procladius�type, and Zavreliella�type.

Reconstructed conditions: T July is lower than
today (reconstructed T July are 14.6 ± 1.2°С); the
presence of shallow, probably boggy areas. By the end
of the zone, the temperature slightly increases, but it
does not reach the modern level (reconstructed T July
are 15.4 to 16.3 ± 1.2°С), trophicity increases, the
water level may decrease.

The resulting reconstruction is consistent with the
previous results, according to which the given period
was relatively cool, an accumulation of mineral
sediments took place, and the lake water was olig�
otrophic [14].

The absence or very low concentration of chirono�
mid head capsules at the depths of 581–503 cm
(10 400–8550 cal. years BP), as well as indistinct strat�
ification and the presence of mineral material with
some ostracods inclusions in sediments [11], indicate
lowering of the lake level. During this period, the
northern basin, where the sediment core was taken
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Stratigraphic distribution of chironomid taxa of Lake Glubokoye sediments and mean July air temperature reconstructed with
the use of the Russian chironomid statistical model.
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could become shallow or even could be a subjected to
drying, which made the conditions impossible for
development of chironomid fauna here.

Zone III: Horizons 426–503 cm (8550–5465 cal.
years BP). The number of chironomid taxa gradually
increases. The most abundant taxa are phytophilic
mesotrophic and eutrophic, aquatic vegetation miners
Endochironomus albipennis�type, Tanytarsus mendax�
type, Ablabesmyia. Endochironomus albipennis. In the
upper horizons abundance of acidophilic taxa (Abla�
besmyia, Glyptotendipes pallens�type) increases.

Reconstructed conditions: T July rises and reaches
the modern level (average temperature = 16 ± 1.2°С,
the T July vary from 15 to 17 ± 1.2°С). Trophicity
increases, submerged aquatic vegetation is widely rep�
resented. The presence of acidophilic taxa indicates
strengthening of the processes of paludification in the
lake.

Zone IV: Horizons 334–240 cm (5465–1170 cal.
years BP). The average number of taxa in a sample
increases to 18. Polypedilum nubeculosum�type, Cla�
dotanytarsus mancus�type, and Procladius indicative
of temperate, littoral, and eutrophic conditions,
respectively, are abundant throughout the zone. The
abundance of the phytophilic Paratanytarsus penicil�
latus�type gradually increases. Stempellina and Stem�
pellinella–Zavrelia, apart from lakes, are often found
in streams and small rivers.

Reconstructed conditions: trophicity and the den�
sity of riparian vegetation increase, the reconstructed
temperatures indicate some cooling (T July is 15 ±
1.2°С, the temperature variations are between 14.5
and 15.3 ± 1.2°С). The presence of fluvial taxa indi�
cates an increase in flow and rise of the water level in
the lake and indirectly indicates general humidifica�
tion of the climate, which is consistent with the results
of other analyses [11, 14].

Zone V. Horizons 218–240 cm (after 1170 cal.
years BP). The beginning of the zone has the richest
taxonomic diversity, where 25 taxa were found. How�
ever, in the upper horizon, the number of the taxa
decreases to 9. The characteristic feature of this zone
is the high number of Limnophyes–Paralimnophyes, a
taxon that is mainly associated with shoals and macro�
phytes and is an indicator of an unstable water level.

This zone contains other species indicative of shal�
low�water conditions, Smittia and Paraphaenocladius.
The emergence of Smittia suggests erosion processes.
Corynoneura edwardsi�type is common in lake sedi�
ments of the littoral zone under mild climatic condi�
tions. It lives among macrophytes and floating plants.
Paratendipes budisquamata is mainly indicative of lit�
toral conditions of mesotrophic lakes, but sometimes
occurs in flowing waters. Ablabesmyia is a phytophilic,
eutrophic, and practically ubiquitous taxa associated
with acidified ponds. Micropsectra insignilobus�type

and Omisus were found in smaller quantities, but only
within this zone. Both taxa are characteristic of water
bodies with low trophicity. Reconstructed conditions:
expansion of shoals with lots of aquatic vegetation,
mild acidification, lowering of the lake trophicity
along with the rise of the water level.

Reconstructed T July is similar to that in the previ�
ous zone (14.8 to 15.5 ± 1.2°С). July temperature of
the upper horizon is higher than that of the lower hori�
zons of this zone and is close to the modern one
(16.4 ± 1.2°С).

Thus, this study using the first Russian statistical
chironomid temperature model has provided the first
reconstruction of the Holocene temperatures for Cen�
tral Russia, which has given a new quantitative infor�
mation on development of paleoclimate in the central
part of the East European Plain.

It has been shown that, during the Early Holocene,
in the Moscow region, the mean July temperatures
were below the modern level and varied between 14.6
and 16.3°C; t during the Middle Holocene (5465–
1170 cal. years BP), July temperatures increased,
ranging from 15 to 17°C; during the Late Holocene
(after 5500 cal. years BP), the reconstructed tempera�
tures indicate some cooling, with July temperature
varying between 14.5 and 15.3°C.

In addition, using the taxonomic composition of
chironomid communities, we reconstructed changes
in the ecological system of the Lake Glubokoye. It was
shown that during the Early Holocene a gradual
increase in the lake trophicity was followed by a possi�
ble lowering of the lake water level. During the Middle
Holocene, the revealed earlier trend of the rise of the
lake trophicity was accompanied by the processes of
paludification of the lake and a wide spreading of sub�
merged aquatic vegetation. In the Late Holocene, the
appearance of the fluvial taxa indicates an increase in
flow in the lake and, indirectly, a general humidifica�
tion of climate, which is consistent with the results of
other analyses.
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