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Abstract—This work reconstructs changes in the Holocene paleolandscape, plants, and climate conditions of
the Upper Kama Region based on integrated analysis of data collected through paleochannel, palynological,
paleocarpological, and radiocarbon methods. The selection of these methods is determined from the objec-
tive to reconstruct paleoenvironmental conditions of human settling in this region. Parallel use of archeo-
logical and natural science methods has proved to deliver good results, while comparison of the findings
revealed spatial patterns in the distribution of archeological sites of different ages and allowed detailed recon-
structions of the Holocene paleoenvironment.
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The natural paleoenvironment, that is, combination
of interacting factors, such as plants, paleolandscapes,
and climate conditions, can be reconstructed to a high
degree of plausibility using integrated natural science
methods, mutually verifying and supplementing each
other. Studies on the effectiveness and application lim-
itation of the methods for sediments of various ages and
origin remain relevant due to a still limited number of
objects that were examined in this manner. The pres-
ent work attempts to reconstruct Holocene paleoenvi-
ronmental conditions in the Upper Kama Region
(Prikam’e) based on generalized data derived using the
paleoecological approaches. Since 2012 the authors
have been jointly conducting research in paleoecol-
ogy, geomorphology, geochronology, and archeology
in the Chashkinskii microregion.

The Chashkinskii region research area is located
south of the Solikamsk district outside a Berezniki city
in Perm krai and represents a large f loodplain forma-
tion of the Kama River paleochannel (Fig. 1). The ter-
ritory was actively developed by humans in the Holo-
cene, confirmed by many years of archeological
research in [1, 2]. A large concentration of archeolog-
ical sites, dating back to the Mesolithic through to the
Middle Ages, suggests an occurrence of conditions
favorable to human economic activities. Thus, the

paleoecological approaches were employed to recon-
struct the paleoenvironment of the Upper Kama
Region in the Holocene. This article considers an
affinity of data from the paleochannel, palynological,
paleocarpological, and radiocarbon methods in the
process of conducting paleoecological reconstruction.
The results using the aforementioned methods and
detailed descriptions of the procedures were published
earlier in [3–7]. The goal of this work is to assess the
synthesis effectiveness of the methods selected for the
reconstruction of paleoenvironment as illustrated
using the Chashkinskii region.

MATERIALS AND METHODS
It was determined through archeological research

that the sites dated to different epochs are located in a
particular way relative to the present valley of the
Kama River, which made it necessary to clarify how a
position of the Kama paleochannel differed from its
modern configuration. The paleochannel method was
employed to reconstruct the paleochannel position at
different stages of its development, as an ancient chan-
nel retains its outline in initial landform of the f lood-
plain in the form of curved ridges (natural levées) or
grivas and oxbow lakes or other forms of dead arms of
543
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Fig. 1. Locations of the research site and archeological sites in the Chashkinskii region: (1) Mesolithic; (2) Neolithic and post-
Neolithic; (3) Aeneolithic; (4) Medieval; (5) boundaries of the f loodplain generations; (6–10) paleochannels of the f loodplain
generations: (6) the third; (7) the fourth; (8) the fifth; (9) the sixth; (10) the seventh; Arabic numerals denote hand-drilled wells;
Roman numerals denote f loodplain generations.
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the river, which indicate the position of meanders
bends before they were cut off in [8].

Radiocarbon dating of organogenic deposits from
the base of the paleochannel sequence allowed us to
determine the time of onset of oxbow lake overgrow-
ing, in other words, upper limit of the date range when
the meanders that attained curvature maximum were
cut off. Matching the meanders curvature to the date
of their cutoff allowed us to determine the position of
the river channel during different stages of the Holo-
cene. In this way, we referenced positions of the arche-
ological sites at the time of their functioning to partic-
ular stages of the river valley formation.

Vegetation was considered a marker of climate
changes. The integrated analysis of paleobotanical
data contributed to detailed reconstruction of the
plant communities. The palynological method served
to reconstruct vegetation of the regional rank, that is,
bioclimatic zones and biomes. Local changes in plant
communities and an order of natural succession were
reconstructed with the involvement of the paleocar-
pological method. The key outcomes of palynological
research in the Chashkinskii region were published
earlier in [6, 9], while the present work reports gener-
alized paleobotanical data considering the findings of
the paleocarpological method. There have been no
RUSSI
prior paleocarpological studies conducted in Perm
krai to study the Holocene sediment deposits.

Samples for radiocarbon dating and paleobotanical
analysis were collected from the paleochannel fillings
using Eijkelcamp hand corer, taking into account the
set objectives (Fig. 1). The samples for radiocarbon
dating were collected from the base of organogenic
deposits (the lowermost at 10 cm). Samples for the
spore–pollen analysis were collected from duplicate
cores for the full core sampling depth at 5 cm intervals
to form a continuous palynological record. We have
samples containing plant macrofossils from sediments
that mark changes in lithology, which are in turn asso-
ciated with changes in paleoenvironmental condi-
tions.

Two floodplain “massifs” (after I.V. Popov, hydro-
morphologically uniform sections of f loodplain out-
lined by more or less defined boundaries) were identi-
fied within the Kama River valley research site: the
upper Solikamskii and lower Dedyukhinskii (DED),
which featured seven floodplain generations of differ-
ent age based on 12 drilled cores (Fig. 1). Material for
paleobotanical research was sampled from sediment
deposits of five wells drilled into these f loodplain mas-
sifs in [6, 9]. The paleocarpological (PC) study of the
DED-4 well deposits was conducted for the full length
AN JOURNAL OF ECOLOGY  Vol. 50  No. 6  2019
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Fig. 2. Taxonomic composition of plant macrofossils from the sediment core of the Andreevskaya well (59°32′ N, 56°42′ E;
Solikamskii f loodplain massif): (1) peat; (2) peaty clay loam; (3) clay loam; (4) the number of remains from 1 to 5; (5) the number
of remains from 6 to 11.
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Fig. 3. Taxonomic composition of plant macrofossils from the sediment core of DED-4 (59°28′ N, 56°40′ E; Dedyukhinskii
f loodplain massif): (1) peat; (2) peaty clay loam; (3) clay loam; (4) the number of remains from 1 to 5; (5) the number of remains
from 6 to 11.
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of the core (Fig. 3). We had local paleofloras from
DED-5, DED-7, and DED-8 wells, from the base of
the paleochannels’ fillings in the area of Dedukhinskii
massif (Table 1) and deposits of the Andreevskaya core
in the Solikamskii massif territory (Fig. 2). Carpo-
grams (Figs. 2 and 3) were created using POLPAL in
[10, 11].

RESULTS
Four major stages were identified in the develop-

ment of the Chashkinskii region paleoenvironment
based on integrated studies.
RUSSIAN JOURNAL OF ECOLOGY  Vol. 50  No. 6  2
The first stage reflects a period of human habitation
in the Chashkinskii region, dating from ~ 8500 to
8000 cal a BP, which is characterized by a distribution
of mixed coniferous forests of the boreal type, consist-
ing of spruce, pine, and birch in [6, 9]. This stage cor-
responds to the first phase of the Atlantic period of the
Holocene in [12] and Early–Middle Holocene
boundary at 8200 cal a BP with recorded abrupt global
cooling in [13, 14]. Evidence collected in the Upper
Kama Region are insufficient for reliable assertion
regarding the manifestation and amplitude of this
event. Based on the paleochannel method, this is a
low-water stage in the development of the Kama
019
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Table 1. Taxonomic composition of plant macrofossils from the sediment cores of Dedyukhinskii floodplain massif: (v) plant
vegetative macrofossils; (fr) seed fragments

Biotopes taxa are 
confined to

Core DED-7 DED-5 DED-8
Coordinates 59°28′ N, 56°39′ E 59°30′ N, 56°39′ E 59°28′ N, 56°40′ E
Sampling depth, cm 140–155 195–220 255–270
14С, age, thousand years 2610 ± 50 GIN-15048 4750 ± 60 GIN-15046 6150 ± 40 GIN-15049

Taxa
Forest (trees, 
shrubs)

Picea obovata Ledeb. 32, 1149v 24v 8, 194v
Pinus sylvestris L. 2, 3v 6v (2 carbonaceous) 10, 27v
Abiеs sibirica Ledeb. 1v – –
Pinaceae – 1 –
Betula sect. Albae 211, 96v 2, 1v 290, 100v
Alnus sp. 49 – 2
Rubus idaeus L. – 6 4

Shoreline of water 
bodies, shallow 
water

Sparganium sp. – – 7
Alisma plantago-aquatica L. – – 150
Alismataceae – 1 -
Hippuris vulgaris L. – 1 5
Caltha palusris L. – – 6
Typha sp. – – 2
Rorippa palustris (Leyss.) Bess. – – 1
Ranunculus lingua L. – – 7
Сarex cf. pseudocyperus L. – – 23
Scirpus sp. – – 1
Сarex sp.sp. 146 276 133
Mentha sp. – – 6
?Sium latifolium L. – – 5

Wetlands (swamps, 
fens, bogs), marshy 
edges of water bodies

Menyanthes trifoliata L. 3, 22fr 4 4
Comarum palustre L. – – 44
Сarex vesicaria L. 1 – 30

Wet meadows Ranunculus cf. repens L. 1 – –
Valeriana officinalis L. 8 – –
Cicuta virosa L. – – 2
Filipendula ulmaria (L.) 
Maxim.

25 – 4

Naumburgia thyrsiflora (L.) – – 8
Lycopus eurоpaeus L. – – 2

Water bodies Lemna trisulca L. – – 5
Potamogetonaceae – – 6

Disturbed soils Urtica dioica L. – – 2
Not identified Lamiaceae 3 – 2

Ranunculus sp. – – 1
Type of biotope reconstructed Water-logged birch–

spruce forest with par-
ticipation of pine, fir, 
and alder

Swamp pine–spruce 
forest with birch, 
minor water bodies; 
fire traces

Forest composed of 
spruce, birch, and pine on 
a land adjacent to a body of 
slow-moving or stagnant 
water
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River, which could have been associated with the cool-
ing. The earliest seventh f loodplain generation sur-
vived fragmentarily in the northern part of Solikamskii
massif. Its age is determined using 14С dates: 8000 ± 110
(GIN-15322) and 7490 ± 90 (GIN-15321) in [9].
Mesolithic sites on Chashkinskoe Lake eastern shore
are associated with the development of this f loodplain
generation (Fig. 1). Based on the PC method, the
Mesolithic man sites were surrounded by sparse for-
ests composed of birch and spruce (Fig. 2); an occur-
rence of yellow water-lily Nuphar lutea, growing in still
and quite water condition at a depth of 80–200 cm, sug-
gests the presence of an open water body, proximities of
which could have been a site of human settlements. The
waterside became overgrown with lakeshore bulrush
and shallow-water plants, which indicates shallowing
and development of wetlands (marshes, fens, bogs, or
swamps). All Mesolithic sites were situated on the first
and second f luvial terraces at some distance from the
main stem of the river on the banks of minor rivers and
smaller streams, f lowing into the Kama River. This
could have been due to marshy or swampy main-stem
floodplain. At that time period, the population largely
engaged in hunting; no direct evidence has been found
on adaptation to fishing in [15, 16].

The second stage spans a period of forest formation
with participation of temperate broad-leaf species and
emergence of the Neolithic man sites. Forest cover
increases in the Chashkinskii district from the interval
between 8000 and 6900 cal BP. Based on the spore-
pollen spectra, firs and broad-leaf woods (linden and
elm) occur in a composition of the boreal and subbo-
real forests in [6]. Their associates, such as Viburnum,
Sorbus, Padus, and Rosa, are recorded by PC analysis
(Fig. 2). Gradual water-logging of low-lying sites is
evidenced by an increase in pollen counts of sedges
Cyperaceae and macrofossils of Carex sedges and pur-
ple marshlocks Comarum palustre; the f loodplain
becomes overgrown with alder. Formation of the
broad-leaf–coniferous forests with linden and elm
from ~ 6900 to 6300 cal BP appears to be associated
with a manifestation of the Holocene Climate Opti-
mum, which coincides with the emergence of the
Neolithic man sites largely located on the first terrace
of the Kama River (now the elevated right bank of the
Chashkinskoe Lake shore) in [17].

Changes in the channel course of the Kama River
that were reconstructed based on fragments of the
sixth f loodplain generation were caused by an increase
in its discharge and the consequential cutoff of the
meanders (Fig. 1). Samples collected from paleochan-
nels of the sixth generation yield 14С dates 6150 ± 40
(GIN-15049), 5700 ± 40 (GIN-15324), and 5220 ±
100 (GIN-15045) in [9]. The presence of an oxbow
water body is evidenced by macrofossils of semi-
aquatic and aquatic species from sediment deposits in
paleochannels of the sixth f loodplain generation of
Dedukhinskii massif (Table 1). The population largely
RUSSIAN JOURNAL OF ECOLOGY  Vol. 50  No. 6  2
engaged in hunting and various types of fishing. The
second most important activity was wood working
[18]. In the interval between 6300 and 5900 cal BP, a
short period of cooling event caused a disappearance
of broad-leaf woods from the forest stand composi-
tion. The broad-leaf woods regained their positions
from 5900–4800 cal BP in the form of a widespread
occurrence of the elm–linden–spruce forests in the
Chashkinskii region in [6].

The third stage is characterized by a dynamic prop-
agation of the broad-leaf woods in dark coniferous for-
mations. In the interval between 4800 and 3400 cal
BP, Chashkinskii region was dominated by linden–
spruce-fir forest with participation of elm, oak, pine,
and birch, an expansion of which peaked at the Middle
Sub-Boreal thermal maximum in [6]. Configuration
of the fifth and fourth f loodplain generations (Fig. 1)
shows that the Kama River channel began to follow a
sinusoidal path again. Ages of the fifth and fourth gen-
erations lie within ~5200 to 4750 14С years and from
4750 to 3150 14С years, in [9]. A decrease in river dis-
charge, and a drop in level of the freshets, in particular,
is recorded in a stage of the paleofloodplain formation
between the fifth and fourth generations. This appears
to be the reason why the man sites of the Chalcolithic
epoch were located in close proximity to the water on
the f loodplain surface and lower river terraces. The
PC spotted an occurrence of small shallow, most likely
seasonal, water bodies and traces of fire for this time
interval (Table 1). The minimum level of broad-leaf
wood pollens is recorded using the PC at approxi-
mately 4200 cal BP in [6]. This could be a manifesta-
tion of the short-term global cooling during the 4200
and 3800 cal BP interval at the boundary between the
Middle and Late Holocene in [13]. Permanent semi-
recessed dugout shelters with covered walkways link-
ing them could be constructed in response to this cli-
mate event. Fishing played a leading role among the
economic activities of the population during that
period in [2].

The fourth stage extends across a process of forma-
tion of plants and floodplain landscape of the mod-
ern-day type. Next in a sequence cutoff of a series of
meanders occurred during the period of third genera-
tion of f loodplain formation (Fig. 1) dated 3150 ± 40
(GIN-15317), 2610 ± 50 (GIN-15048), and 2380 ± 80
(GIN-15043) in [9]. At that time, the Kama River
channel bifurcates into two streams with a number of
cross-channel anabranches (Fig. 1). Human coloniza-
tion of the lake shores was interrupted for a long period
of time. The river has shoaled and multiple islands
have been formed by the end of this stage. The Late
Sub-Boreal cooling (3400–2600 cal BP) resulted in a
reduction in broad-leaf woods’ contribution to the
stand composition and establishment of near-recent
spruce and fir formations in [6]. Sparse forest of
spruce and birch with herbage were composed of
sedges sprout in the Solikamskii massif area in the sec-
019
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ond half of the Sub-Boreal period (Fig. 2). Pine and fir
enter into a composition of the birch–spruce forests of
Dedyukhinskii massif in the end of the Sub-Boreal
period (Table 1). Pine becomes a dominant species in
the forest stand from 2000 BP onwards in [6]. A date
range from 1110 to 980 14С BP marks an emergence of
the medieval population in the Chashkinskii region in
[4]. All archeological sites assigned to that time are
associated with rivers and smaller streams, f lowing
into the lake, rather than with the lake proper. Cultiva-
tion of crops and cattle domestication form the popu-
lation economic activities; fishing and hunting played
a secondary role.

RESULTS

The resolving capability of the methods was tested
by the group of authors during many years of work in
the Chashkinskii region in [1, 6, 9]. Application of the
PC method in this area brought to light some particu-
larities of this method.

In the Holocene, the study area was characterized
by vegetation of the forest type, according to paleobo-
tanical data. The history of the Holocene forest for-
mations in the Urals is largely a dynamic of woody
plant species composition, which is well represented
by pollen spectra. Species composition of the herbage
layer was identified in the most detail, based on the PC
data, as corresponding to the modern-day f lora of the
research site in [19]. Due to their origin, the Holocene
assemblages of macrofossils reflect vegetation of the
wetland or semi-aquatic phytocenoses. Even though
the information derived using the PC method primar-
ily illustrates the history of paleowaterbodies and their
surrounding plant environments, the land, directly
bordering the water bodies, was inhabited by people,
while the selection of the site for settlement was deter-
mined using functional values of the water body and
potential resources of its “environ”.

In the course of our investigations, we approached
the effectiveness frontier of the PC method applica-
tion, as taxonomic composition of macrofossils in the
Holocene sediment deposits of the mid-latitude forest
zone proved to be stable over time, while the propor-
tions of ecocenotic groups insignificantly varied with
higher or lower moisture. Similar research conducted
using the PC method into the Holocene high-latitude
peatlands of the Eurasian northern regions produced
valuable information with respect to the dynamics of
the woody plant boundary in [20, 21]. The paleoento-
mological method is an effective tool in paleoecologi-
cal reconstructions of the Quaternary period life envi-
ronment. Its involvement in the study of the DED-4
core in [5] failed to detect any patterns in entomofauna
composition that could be referenced to the climate or
successional changes. This method proved to be of lit-
tle informative value for the study of the Holocene
peatlands of the forest zone in this region.
RUSSI
There are a number of different reasons why mac-
rofossils of broad-leaf trees could not be detected in
the PC assemblages from Chashkinskii region. These
woods produce an insignificant number of seeds
(compared with pollen grains), which are a diet item in
the food of mammals, birds, and insects. Additionally,
these woods did not account for any significant share
in the forest stand even during the period of their max-
imum distribution in this area in [6, 9]. The occur-
rence of their associate species, such as Viburnum, Sor-
bus, etc., however, has been identified during these
particular periods of the broad-leaf woods expansion
in the PC assemblages.

One specific characteristic that needs to be consid-
ered when interpreting the palynological data is that
pollens are highly fugitive. Present dark coniferous
forests of the Pre-Ural region are characterized by a
significant contribution of Abies sibirica firs in the forest
stand in [22]. According to the spore–pollen data, a
widespread occurrence of the fir is recorded during the
Late Sub-Boreal cooling (3200–2500 14С yrs in [12]) in
[6]. The fir macrofossil finds, including well-shaped
seeds, are relatively common to sediment deposits of
Dedukhinskii massif beginning 3320 ± 40 14С yrs (Fig. 3).
A greater part of the seeds (up to 90%) from coniferous
woody plant species is dispersed across a treeless site at
a distance of up to 100 m in [23], which suggests distri-
bution of fir in the research site at that time.Thus, the
PC data support the earlier assigned (by palynological
data) date range of Abies sibirica distribution in the
research site, notwithstanding the fact that pollen can
drift via the wind for 1250–1300 km in [24].

CONCLUSIONS
Combined use of methods allows for mutual verifi-

cation of data through different methods, which
ensures fuller and more adequate representation of the
occurring interconnected environmental changes.
Without actual traces of a certain event, a combined
application of methods allows use of its indirect man-
ifestation under the condition of verification with data
through other methods. Research of this kind tests
potential frontiers of the method application effective-
ness, each time dependent on research material, which
leads to improvement in the procedures.

Parallel employment of paleoecological, geomor-
phological, geochronological, and archeological
methods demonstrated its effectiveness in key aspects
of the Holocene paleoenvironmental reconstruction
for the Upper Kama Region in this work.

1. Relationship has been identified between posi-
tion of the archeological sites from particular epochs
relative to the river paleochannel and change in its
hydrologic regime in the past (increase or decrease in
a level of discharge).

2. Changes in hydrologic conditions of paleowater-
bodies correlate with the Holocene climate changes as
AN JOURNAL OF ECOLOGY  Vol. 50  No. 6  2019
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reflected by palynological spectra. The cooling-associ-
ated changes in spore-pollen spectra precede or coincide
with a decrease in discharge of the water bodies.

3. Presence of aquatic species in plant macrofossil
assemblages coincide with stages of the higher dis-
charge as identified by the paleochannel method.

Overall, combined usage of the archeological and
natural science methods allowed us to reconstruct
interactions between human and the environment in
the Holocene in the specific area of the Upper Kama
Region.
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