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Abstract. One of the current trends in archaeological geoinformatics in Russia is the creation of web
mapping portals that integrate spatial and thematic data on the given areas of concentration of archaeological
sites. As part of the study of the life support system of the ancient population of the Tura and Pyshma
interfluves (Tyumen region) developed a geoportal on the basis of free and open source software. The server
part developed on the basis of GeoServer, provides storage of the information and authorized access
to it. Vector data is stored in PostgreSQL database management system using PostGIS add-in. Raster
data is stored on the server as GeoTIFF and MrSID files. The technologies used in the development
of the client web-application allow using it in modern web-browsers without installing additional
software on the user’s devices. The geoportal user interface is an interactive map of spatial data layers as
well as map control elements. The general control elements include the zoom buttons, the scale setting
on the available layer extents, the zoom slider, the scale bar, the geographic coordinates field of the cursor
installation, the button enabling the attribute information display mode. Thematic content of the geoportal
includes space images with medium (10 m) and extra high (up to 0.3 m) spatial resolution, AW3D relief
model (25 m), topographic maps, UAV images of certain areas (orthophotomaps and DEM), vector
layers of archaeological sites, hydrography, landscapes restoration, results of archaeological sites borders
mapping using GPS-receivers, as well as the results of bathymetry survey. The layer of archaeological site
(366 objects) contains attributive information including type, period, description, dating. Geoportal is
a convenient tool for management and visualization of the accumulated information arrays for specialists
without extensive knowledge in cartography and GIS.

Key words: GIS, Archaeological Geoportal, paleolandscape, resource potential of the territory,
paleodemography, Western Siberia
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"ABTOP, OTBETCTBEHHbIM 30 MNEpPeEnMCKy

Pestome. OnHUM U3 aKTyaIbHBIX TPEHIOB B apXEOJIOIMYECKOll reonHpopMaTuKe B Poccun sBsa-
eTCs1 co3flaHMe BeO-KapTorpadgpuuecKux MOpPTanIoB, MHTEIPUPYIOLINX IPOCTPAHCTBEHHbIE I TeMaTuye-
CKUe IaHHbIe 110 3a[JAHHBIM PailOHaM KOHIIEHTPAIMM apXeoJoTMuecKX IaMATHUKOB. B paMKax usy-
YeHNs CUCTEMBbI JKU3HeobecIeyeHns ApeBHero HaceneHus Typo-IlbmiMuHckoro Mexaypeubs (Tio-
MeHCKas 00/1acTh) pa3dpaboTaH reoropTaa Ha OCHOBE CBOOOJJHOTO IIPOrPaMMHOr0 0becreyeHns ¢ OT-
KPBITBIM MCXOAHBIM KofioM. CepBepHasi 4acTh, paspaboraHHas Ha ocHoBe GeoServer, obecrieunBaer
XpaHeHe MHGOPMAIVM ¥ aBTOPU30BAHHBII JOCTYI K Hell. XpaHeHMe BeKTOPHbIX TaHHBIX OCYIIeCT-
BIIAETCA B CUCTeMe yIpaBiieHNA 6asamu gaHHbIX PostgreSQL c ncronpsosanmeM HafcTpoiikn PostGIS.
PactpoBble aHHbIe XPAaHATCS Ha cepBepe B Bufe (daitnos B popmare GeoTIFF n MrSID. ITpumenen-
Hble IpY pa3paboTKe KINEHTCKOTO BeO-TIPIUIOKEHNUS TEXHOIOTUM IT03BOIAIOT [I0/Ib30BATHCS VIM B CO-
BpeMeHHbIX BeO-Opaysepax 6e3 yCTaHOBKM Ha [10/1b30BaTe/IbCKIE YCTPOIICTBA fononHnTenbHoro I10.
IMonb3oBaTenbcknii nHTEpdETic reonopraa MpecTapiieT co60l MHTEPAKTUBHYIO KapTy C/I0eB IPO-
CTPaHCTBEHHBIX JJAHHBIX, @ TAK)Ke 97IeMEHTBI YIIPaB/IeHNU KapToil. B cocTas 00X 57IeMEHTOB yIIpaB-
JIEHVsI BXOZIAT KHOIIKM M3MEHEeHNs MaciTaba, BHICTaB/ICHNS MACIiTaba [0 SKCTEHTY JOCTYIIHBIX C/IOEB,
IO/I3YHOK M3MEHeHMsI MacluITaba, MacutabHas IMHeNKa, ojIe 0TOOpakeHns reorpaguyecknx Koop-
[MHAT YCTAHOBKMU Kypcopa, KHOIIKA BKIIOUEHNA PeXX1IMa 0TOOpaskeHns aTprby TUBHOI MHPOPMALINN.
TemaTn4eckoe HaIlOJTHEHNE TeONIOPTaIa BKII0YaeT KOCMUYeCcKue CHYMKY co cpegHuM (10 M) u cBepx-
BBICOKMM (7o 0,3 M) IPOCTPaHCTBEHHBIM paspelleHreM, Mogens penbeda AW3D (25 M), Tonorpadu-
JeCKye KapTbl, Pe3y/IbTaThl CbeMKI OTAENbHbBIX y4acTKOB ¢ BITJIA (oprodoromnans: u IIMM), BekTop-
HbIe CJIOM apXeO/IOTYeCKIX TAMSATHIKOB, TUAPOrpaduit, BOCCTaHOB/IEHHBIX TAHAIIA(TOB, Pe3y/IbTaTOB
KapTorpadupoBaHys I'PAHNUIL] APXEOTOTMIECKIX TAMATHUKOB € IIOMOLIbI0 GPS-TIpreMHIKOB, a TakKe
pe3ynbrarhl 6aTMMeTpudecKoit creMku. CrIolt apXxeoorndecKx NaMATHUKOB (366 00beKTOB) comep-
XXNUT aTpyOy TUBHYIO MH(GOPMALVIO, BK/IIOYAIOLIYIO THII, IEPUOJ, OIMCaHIe, JATUPOBKY. [eomoprar sB-
JIsIeTCsl YAOOHBIM MHCTPYMEHTOM JIA YIIpaB/IeH)A 1 BU3ya/IM3aliy HAKOIUIEHHDIX MacCUBOB MHPOP-
MaLuu s CHeaINCTOB, He 00/Iafalomyx MYPOKUMI 3HAaHUAMY B obmactu Kaprorpaduu u ['VIC.
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ntroduction
Inflowing lake systems are characterized by the abundance and diversity of natural re-
sources capable of sustaining local populations. The high concentration of archaeological
sites from different periods testifies to the attractiveness of the territory. Nowadays, there are
many comprehensive studies of human adaptations to paleoenvironmental conditions. Nat-
ural paleo records (lake and boggy deposits) are used to reconstruct the background natu-
ral conditions, correlate them with the pace and structure of the human settlement, identify
the extent of economic changes and anthropogenic effects (land degradation, deforestation)
(Giesecke et al., 2011; Krause, Koryakova, 2013; Borisov, Korobov, 2013; Korobov, 2014; Rosch
et al,, 2014; Schwarz, Oeggl, 2013; Alenius et al., 2020, and many others). Work has been car-
ried out to create and maintain the Database of the Global Environmental History (HYDE)
containing qualitative indicators of demographic and agricultural evolution in the Holocene
(Klein Goldewijk et al., 2011; Klein Goldewijk, 2016).

The Andreevsky lake system between the Tura and Pyshma Rivers (south of Western Si-
beria) was intensively developed in ancient times. To date, more than 350 archaeological sites
from the Mesolithic to the Middle Ages have been found in the area (Zakh et al., 2014). The site
has been repeatedly surveyed, yet the paleoreconstruction of the environmental conditions,
analysis of spatial development and paleodemographic load in various periods, or modelling
of the key sustainability features of the ancient population is still insufficient.

After the results of such work are integrated, it becomes necessary to map a vast body of ar-
chaeological information, and create a database of archaeological sites. Reconstruction of nat-
ural conditions implies creation of a spatial reconstruction of paleolandscapes and paleohy-
drography. Geoinformation systems appear as the most suitable tools for the spatial integra-
tion of heterogeneous data. Web-based geographic information system (GIS) or geoportals
are becoming more widespread.

Geoportals, as a means for presenting spatial information, proved to be effective in many
areas of economic activities, humanities, and natural sciences (Yamashkin et al., 2019). Ge-
oportals can be applied extensively to both solving global problems, such as data coordina-
tion for sustainable global society development (Global Forest Watch Impacts? de Sousa et al.,
2020; Mhangara et al., 2019), and a visualization tool for local research data’.

The use of geoportals in archeology has rather strong potential. Field archaeological sur-
veys are always spatially referenced. It means that the acquired data can be visualized on a map,

2 https://www.globalforestwatch.org/about/
3 https://eea.maps.arcgis.com/home/index.html; https://www.geoportal.org/community /guest/general-
information
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including an online map. An example is Arches, an open-source software platform for cultur-
al heritage data management. It supports spatial data and can be used by researchers to cre-
ate their archaeological geoportals®. In some cases when more customization and functional-
ity is required, researchers prefer to develop dedicated solutions, such as:

- Nurnet: a geoportal for managing and sharing information about the Bronze Age
in Sardinia, Italy (Spanu et al., 2017).

— The Italian Geoportal of Archaeological Resources: a project run by the Central Institute
of Archeology and the VAST-LAB group to develop a geoportal, a national aggregator
for archaeological datasets (Ronzino, Acconcia, Falcone, 2018).

- Yenisei-GIS: a local GIS of the Krasnoyarsk Region (Russia). It contains many maps,
including a map of the local cultural heritage (Kadochnikov, 2020).

— The proposal to develop a comprehensive geospatial web platform capable of handling all
cultural and natural heritage sites in Nabon, Ecuador (Lerma et al., 2020).

- The Russian Archaeological Sites national GIS within the framework of the Terek
information processing system. It features automated mapping and is intended to
characterize the spatial and chronological distribution of the available information across
the entire territory of Russia. It presents the extent of development of vast territories at
various periods, and it can be used to analyze the archaeological sites of certain periods
in Russian regions (Makarov et al., 2016).

The study of the Andreevsky lake system aims to reconstruct its natural conditions and dy-
namics of its development in the ancient times as a flow-through lake system. A probabilis-
tic assessment of the paleodemographic load in different archaeological periods, taking into
account the resource potential of the study area, was among the tasks of the comprehensive
study of the Andreevsky lake system. The geoportal was chosen as a tool to complete the task
since it allows combining different kinds of spatial data.

This paper shares the experience of creating the archaeological geoportal of the Andreevsky
lake system (ageoportal.ipos-tmn.ru°), including the site architecture, contents, and applica-
tions and the result of the reconstruction of the paleodemographic load, taking into account
the resource potential of the territory, for one of the periods (2850-2600 cal BP, or the transi-
tion period from the Bronze Age to the Early Iron Age, in archaeological terms).

Area of Study

The Andreevsky lake system is located in the southwestern part of Western Siberia between
the Tura and Pyshma Rivers, in their lower reaches at their confluence, in the Tobol River ba-
sin. Itis a large, well-developed flow-through lake system. Nowadays it includes a chain of five
lakes (Bolshoye and Maloye Andreevsky, Butorlyga, Pesyanka, Gryaznoye). The area is about
40 sq. km. The lakes are connected by the Duvan River (Fig. 1).

The Andreevsky system at the junction of forest-steppe and sub-taiga landscape zones is
categorized as a floodplain-valley water body. Its basin is probably of the erosion-accumulative
type. Geologically the Andreevsky lakes and the Duvan River are paleochannels of the Pysh-
ma River. Most lakes of the Tura-Pyshma interfluve area (Chepkul, Kurya, Mostovoye, etc.)

4 https://www.archesproject.org/what-is-arches/
> Under construction.
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are connected to it by waterlogged depressions (Sizov, Zimina, 2012). The Tura and Pyshma
Rivers are the north, south and east boundaries of the Andreevsky lakes. We can assume that
the major economic activity of ancient people mainly occurred within this interfluve area. For
this reason, the area of study was limited to the Tura and Pyshma Rivers. At the northwest
along the line connecting Antipino and Perevalovo settlements, the watershed is crossed close
to the Zubarevskoye lake. The total study area is 1,100 sq. km.

ATV

- study area |:| - UAV survey areas [l - areas of exploratory research () - geological sections

Fig. 1. Overview map of collection of factual material of paleolandscape studies

Puc. 1. O630pHas kapTa MecT cbopa (akTU4ecKoro MaTepurarna naneoaHawadTHbIX
MccnenoBaHnm

A large number of archaeological sites indicates the significance of the Andreevsky lake
system for the ancient population. Archaeological surveys on the shores of the Andreevsky
lakes in the Tura-Pyshma interfluve area are over 100 years old. I.Ya. Slovtsov (Slovtsov, 1885,
1890; Bezborodova, Parkhimovich, 1995, p. 15) was the first to study the shores of Andreevsky
lakes more than 100 years ago. In the 20™ century researchers from Moscow, Sverdlovsk (Yeka-
terinburg) and Tyumens studied the archaeological sites in the Andreevsky lake system. As
a result of many years of research on the shores of the Andreevsky lake system and the Tura
and Pyshma Rivers 366 archaeological sites were discovered. They are fortified and unforti-
fied settlements, walled settlements, burial mounds, subsoil burial grounds, and sanctuar-
ies. Many of them were studied by excavation. In some cases, the archaeological sites con-
tain layers from various periods (Zakh et al., 2014). Despite such regular and long-term stud-
ies, new sites can still be found in the Andreevsky archaeological area. This was confirmed
by the 2016-2018 surveys when 18 archaeological sites were discovered in the eastern part
of the Andreevsky lake system. Today, the archaeological database of the Andreevsky lake sys-
tem lists 384 archaeological sites.
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Since the lake system was quite attractive for habitation throughout the Holocene, many sites
are multi-layered. Some of them contain cultural deposits from the Neolithic to the Middle Ages.
The area has sites from the Mesolithic (a single site Zvezdny 1); the Neolithic (80 sites); the Chal-
cholithic (108 sites); the Bronze Age (162 sites); the Early Bronze Age (38 sites); the Late Bronze
Age (28 sites); the transitional period from the Bronze to the Iron Age (28 sites); the Early Iron Age
(91 site); Middle Ages (75 sites); Late Middle Ages (1 site.) Approximately one third of the sites
are not culturally and chronologically attributed. In total, 61 sites in the area as excavated (Fig. 2).

D - study area A - archaeological sites

Fig. 2. Overview map of the archaeological sites in the Tura-Pyshma interfluve

Puc. 2. O630pHas KapTa apXxeosiormiecknx NnaMsaTHUKOB B Typa- MbILUMUHCKOM MeXAypeYbe

Among the discovered sites, the majority (265) are not fortified. There are 50 sites with var-
ious defense features (from low ramparts not more than 0.2 ... 0,5 m high to impressive ram-
parts 3 ... 5.5 m high Of the four dozen discovered burial sites, 14 are subsoil burial sites, 27 are
burial mounds. There are 13 findspots, 2 accidental discoveries, and one isolated depression.

Most of the Andreevsky lake system is covered with forest, except for the floodplain mead-
ows and inhabited areas. For this reason, the only way to find archaeological sites is through
a field survey. In few cases, remote sensing was used to survey ploughed or deforestation are-
as for archaeological sites. In general, the exact geomorphological position of an archaeolog-
ical site is important for spatial analysis, reconstruction of the ancient sustainability systems,
finding if the cap was seasonal or permanent, identifying the burial patterns and the status
of the buried, etc.

Materials and Methods

The Archaeological Geoportal Architecture

We used GIS approaches for creating the geoportal (Sizov et al., 2021). The available data
is organized layer-by-layer.

© O.Yu. Zimina, O.S. Sizoy, P.R.Tsymbarovich Journal homepage: http://journal.asu.ru/tpai/index



94 TEOPUSA N MPAKTUKA APXEONTOTUYECKUX UCCNEQOBAHUIA 2022 o T. 34, Ne3

1. Spatial data: the microtopography and geomorphology of the Andreevsky flowing lake
system, and the reconstructed paleolandscapes.

2. Archaeological data: site location, cultural and chronological attribution.

The Geoportal uses the conventional client-server architecture (Fig. 3). The server part
stores the information and authorizes access to it. The key component of the server part is
GeoServer (geoserver.org, developed by OSGeo.) The software is written in Java using Open
Geospatial Consortium (OGC) standards, such as Web Map Service (WMS), Web Map Tile
Service (WMTS), Web Feature Service (WES), etc.

Server

Client

"b‘ GeoServer

Web Client

Directory

53 d

Users

1
I
1
—
*
1
1
1
1
1
1
1
1
1
1
|
1
1
|
|

Fig. 3. The Archaeological Geoportal architecture

Puc. 3. ApxumTekTypa apXxeonormyeckoro reonoptana

The vector images are stored in the PostgreSQL database management system (www.post-
gresqgl.org) using the PostGIS (postgis.net) add-in developed by OSGeo and implementing
the OGC Simple Features standard for SQL providing support for storing and handling geo-
graphical objects in a database. The raster images are stored on the server as GeoTIFF and Mr-
SID files. The raster images are processed with the Geospatial Data Abstraction Library (GDAL,
www.gdal.org) also developed by OSGeo. The raster images are accessed under the WMTS
standard: the viewed area is provided by the server as fragments (tiles) created by GeoServ-
er tools. The vector data are accessed under the WES and Vector Tiles standards developed
by Mapbox (www.mapbox.com) and implemented by GeoServer. Layers with a small num-
ber of objects are downloaded from the server in the GeoJSON format. Layers containing
a large number of objects and complex geometry are downloaded as Mapbox PBF tiles. This
approach ensures an optimal balance between image quality and performance. All the tiles
generated by GeoServer are stored on the server for subsequent use (GeoWebCache function).

Client requests to GeoServer are routed through an Nginx reverse proxy server (www.ng-
inx.com). It encrypts and compresses the server-client traffic, and handles access to the cli-
ent web application.

The client web application is in TypeScript with the Preact framework (preactjs.com)
and the OpenLayers library (openlayers.org). Preact implements Virtual DOM and supports
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the JSX syntax for rapid GUI development. It is a compact and fast package. OpenLayers is
a library for rapid GUI development to handle spatial data, including GeoServer. The client
web application technologies work in popular web browsers. No extra software installation
is required.

The geoportal stores any raster, vector, or datasets. The users can upload documents and im-
ages in common formats (.pdf, .jpg, .xls, etc.). With such extensive functionality, we were
able to store virtually all kinds of spatial information obtained during the project. Below are
the brief overviews of each information source.

Basic Geographical Layers of the Archaeological Geoportal

The basic geographic layers include the key types of available spatial data: topographic maps,
digital terrain models, and space imagery. All the used data have a precise geographical refer-
ence. Heterogeneous data are re-projected and combined “on the fly” by means of GeoServer.

1. Topographic map, 1:25,000 scale. Geoportal offers a current version of the map devel-
oped by Gosgiscenter with sparse altitude information (the area is shown as of 2005). With
the large-scale topographic map it is possible to convert all the elevations to the unified Baltic
System of Heights and to use the official place names. The map is also used to identify man-
made objects. Using the topographic map, the current hydrographic network was vector-
ized with the EasyTrace software (ver. 8.65.). All the lakes, rivers and oxbow lakes in the area
of study were digitized, and each object was assigned its elevation.

2. AlosWorld3D30 (AW3D) Digital Surface Model (DSM). Medium spatial resolution
DSMs obtained by continuous direct surface elevation measurements are a realistic representa-
tion of landforms as a continuous, regular and uninterrupted field of elevation values. DSM
makes it possible to identify man-made changes occurring due to sand mining, deforestation,
and construction of roads, residential, and industrial structures. The AW3D30 DSM based
on automatic processing of 2007-2011 ALOS satellite stereo images was selected for the geo-
portal (cell size: 25 m/pix).

3. Medium and Ultra-High Spatial Resolution Space Imagery. The geoportal uses a medi-
um-resolution multispectral image from Sentinel-2 (10 m/pix taken on July 1, 2018) in two
color synthesis versions: visible and IR colors (RGB and CIR). The Sentinel-2 data are free-
ly available and distributed by the European Space Agency (ESA). The key purpose of such
a mid-scale imaging is the landscape mapping and identification of short-term average an-
nual and seasonal evolution of the water levels in lakes depending on the man-made impact
and climatic changes. The WorldView-3 ultra-high resolution space image (0.28 m/pix tak-
en on May 25, 2016) is also presented in two color synthesis versions: RGB and CIR. The im-
age was obtained with the GDBX geoplatform. It is intended to better identify the boundaries
of the archaeological site and accurately reference the ground-based observations.

4. Here, Bing and OSM Map Layers. These layers fully cover the area and show the cur-
rent state of the territory at a large scale (larger than the topographic map), including addi-
tional objects not shown on the topographic map. They are provided by third-party services.
The layers are connected directly in the web-client source code as tile layers. The OSM layer
contains publicly available data distributed under the Open Data Commons Open Database
License (ODBL) by OpenStreetMap Foundation. It is required the specify the data source
and a link to the license. The Here and Bing layers contain proprietary data so their free use
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is quota-based. Only one base layer can be activated at a time. The layers available in the ge-
oportal are shown in Table.

Archaeological Geoportal map layers

Cnon KapT apXeo/I0rm4YeCKoro reonmoprana

Title Type Source Description
HERE - Hybrid | Hybrid HERE Technologies Satellite image mosaic from Here with a label layer
HERE - Satellite | Satellite HERE Technologies Satellite image mosaic from Here
Bing - Hybrid Hybrid Microsoft Corporation | Satellite images mosaic from Bing with a label layer

Bing - Satellite | Satellite Microsoft Corporation | Satellite image mosaic from Bing

OSM Map OpenStreetMap Vector map from OpenStreetMap

Thematic layers of the Archaeological Geoportal

Fig. 4. General arrangements of the photo centers and the resulting point cloud in Agisoft
Photoscan. Cape Butorlyzhsky, taken on 12.09.2016

Puc. 4. ObLLee pacnonoxeHue LeHTPoB hoTorpadrpoBaHns U pesynsTipyioLiee 0bnako Toyek
B Agisoft Photoscan. Mbic ByTopnbixxckuia, cHato 12.09.2016

The studies of the Andreevsky lake system produced various thematic data:

1. UAV surveys. For detailed mapping, we used UAV aerial photography. We used a Tarot
T960 hexacopter with a SonyAlpha a6000 camera mounted on a three-axis suspension (the 2016
survey), a DJI Phantom 3 Advanced quadcopter (the 2017 survey). We applied the Drone De-
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ploy software to plan the survey. It enabled to survey the surface along a specified route at a spec-
ified altitude and speed as required to obtain clear. non-blurry images, and to provide the re-
quired image overlap (at least 70%). We tested different altitude and flight speed combinations.
The total surveyed area was about 670 ha. The images were processed (making orthophotomaps
and DSM) in Agisoft Photoscan v.1.3 (Fig. 4). The spatial resolution for the orthophotomaps is
5-8 cm/pix, and 10-15 cm/pix for the DSMs. It is sufficient to accurately identify small surface
features and archaeological heritage sites. The methodology aspects and the aerial survey results
are presented in detail in papers (Prikhodko et al., 2017; Sizov et al., 2018).

2. Bathymetric Survey Results. To build a digital model of some bottom areas of the An-
dreevsky Lake we applied continuous high-density echo sounding. The depths in the Butor-
lyzhsky Peninsula areas were measured on 20.09.2017, and near the Maloe Andreevsky Lake,
on 11.10.2017. For the depth measurements we used:

- aremote-controlled ship model carrying a Garmin echoMAP CHIRP 42CV echo sounder
(Fig. 5a);
- a small motorboat with a Garmin GPSMap 421s echo sounder (Fig. 5b).

The vessels moved from shore to shore and along the coastal and central lines of the stud-
ied water area. The remotely controlled ship model operated on the most vegetation-free part
of the water surface. The ship navigated autonomously along the predefined route loaded into
its memory. The echo sounder depth measurements were automated as the model navigated
along its route. The bottom surface elevation maps were interpolated with 3D Analyst tools
in the ArcGIS software package (Sizov et al., 2019.)

Fig. 5. Bathymetric survey equipment:
a) autonomous bathymetric vessel; b) boat with an echo sounder

Puc. 5. ObopynoBaHve Ans 6aTUMETPUHECKON CbeMKU:
a) aBTOHOMHOe DaTMeTpuyeckoe CynHo; 6) KaTep C 3X0NoToM

3. Vector maps of the reconstructed plant communities. The reconstructed periods are:
13,000-11,000 cal BP, 7,100-5,500 cal BP, 3,500-3,200 cal BP, and 3,200-2,850 cal BP. The nat-
ural conditions were reconstructed by analyzing the bottom sediments of the small closed lake
Kyrtym (in the southern part of the Andreevsky lake system) and the Oshukovsky peat bog
(in the northern part of the Andreevsky lake system).
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Fig. 6. The point layer of archaeological sites (fragment of the map)

Puc. 6. Cnon apxeonorndeckinx obbektos (hparMeHT kapTbl)

We applied the comparative-geographical method for the reconstruction of landscapes on
a 1:150,000 scale for the period from 500 to 13,000 years ago. We extrapolated the modern
patterns of successive changes in plant communities following the changes in local climatic
conditions and hydrothermal properties of various habitats (the methodology of landscape
paleoreconstruction has been described in detail elsewhere (Sizov, Idrisov, Molchanova, 2017;
Zimina et al., 2019)). The foundation of landscape reconstruction is the principle of actualism.
It assumes that the formation and evolution of ancient landscapes followed the same princi-
ples that govern the evolution of modern landscapes.

For mapping, terrain and stow types were used as taxonomic units. The actual data sourc-
es for paleolandscape analysis are topographic maps of various scale, space and aerial imagery,
historical records of geological and hydrological surveys and peat deposit explorations, archae-
ological data on ancient settlements, palynological and osteological analyses and our field stud-
ies, including deep pitting and drilling (Sizov, Idrisov, Molchanova, 2017). We also considered
the water level change simulation results obtained with the AW3D30 DSM. The results of paly-
nological and paleogeographical studies of subaerial, lake, and peat deposits in the Turo-Pysh-
ma interfluve area were also taken into account for the reconstruction. The chronological ref-
erences and deposits correlation is based on radiocarbon dating of organic remains both from
the background natural profiles (sapropel and peat) and from the cultural layers (coal.). We
also used absolute dating of the upper Quaternary deposits (AMS, IR-OSL).

4. The point layer of archaeological sites was generated by map vectorizing (Zakh et al,,
2014). The layer includes 366 objects with attributes: site name, type (settlement, walled set-
tlement, burial ground), date (relative/absolute), site description, research description (ex-
ploration/excavation), historical records/publications. It also shows the site boundaries field
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tracked with the AshTech ProMark 120 (L1 band, 0.5-1.0 m positioning accuracy) and Garmin
GPSMAP 64st (5 m positioning accuracy) GPS navigators. (Fig. 6).

Results and Discussion

Geoportal-based data can have many applications (environmental monitoring, cultural
heritage preservation, etc.) (Global Forest Watch Impacts) and different spatial coverage: from
regional to global databases (Makarov et al., 2016; Spanu et al., 2017; de Sousa et al., 2020;
Mhangara et al., 2019; Kadochnikov, 2020). The geoportal presented in this article is intend-
ed to systematize the materials of the local archaeological site near Tyumen. However, its ar-
chitecture and technical capacity make it possible to expand the geography of cartographic
and remote sensing data research, and to supplement the database with new datasets.

We studied landscapes of ancient rivers with a DSM of the Andreevsky lake system area
and simulated the flooding based on the UAV survey data (Sizov et al., 2018). The landscape
formation was traced. We focused on the reconstruction of vegetation and climate using
palynological and geochemical methods, analysis of macrofossils in the bottom sediments
and peats (Ryabogina et al., 2019). We also undertook accurate hypsometric referencing of cul-
tural layers in more than 360 ancient settlements. The modern landforms were mapped on
a large scale (Sizov, Idrisov, Molchanova, 2017) as a basis for generating paleolandscape maps
for various periods (Zimina et al., 2019) (Fig. 7).
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Fig. 7. Generalized paleolandscape map of the Tura and Pyshma interfluve in 3200-2850 cal BP
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In particular, the current patterns of plant community changes in a range of habitat types were
extrapolated for the period of 2850-2600 cal BP by simulating the degree of drainage and terri-
tory drainability and plant succession. During this period, the climatic conditions stabilized with
a gradual increase in moisture and snow cover thickness. The water level in reservoirs and water
content of the rivers were comparable with that of the present-day or slightly higher, but the lake
shores were not outlined by a wide belt of reed and cattail thickets, as they are now. Birch and, to
a lesser extent, mixed and pine forests, damp and dry meadows were widespread in the vicini-
ty of the Andreevsky lakes. In the lowland peatlands, a transition to the mesotrophic stage and,
later, to the oligotrophic peat accumulation was noted (Zimina et al., 2019).

Based on the assumption that the number of wild animals is consistent with the area oc-
cupied by certain plant formations, and applying the modern distribution patterns of ungu-
lates, fur-bearing animals, and birds, we estimated the possible number of major game species
for the period of 2850-2600 cal BP. The calculations showed that the number of large ungu-
lates was small (31 elks, 302 roe deer, 14 wild boars). The highest potential could be expected
from fishing (total amount of fish caught from the of the Andreevsky lake system: up to 234
tons). For the detailed calculation methods refer to (Sizov et al., 2018; Zimina et al., 2019).

The online geoinformation system enabled paleoeconomic and paleodemographic simu-
lation. The reconstruction of the natural conditions and paleolandscape mapping of the An-
dreevsky lake system allowed estimation and making assumptions about the resource poten-
tial of the area and the number of people who could support themselves with the products
of the producing and appropriating economy. The period of 2850-2600 cal BP was chosen to
refine the population density estimations. This was the time of transition from the Bronze Age
to the Early Iron Age and the time when settlements of the Itkul Culture emerged in the val-
ley of the Tobol River and its tributaries, Tura and Pyshma (Zimina, Zakh, 2009). In the Tu-
ra-Pyshma interfluve, 35 settlements of the Itkul Culture are known. All of them are surround-
ed within ramparts and ditches.

The cultural layer of these settlements contains almost no bone remains preserved. Only few
single specimens have been recovered, as the sites are located on sandy soils that poorly pre-
serve organic remains. We consider, that with a large number of sites in the area, and in the ab-
sence of direct archaeological evidence for the economic activity and dating (the sites have
been understudied by excavations since most of them were discovered or culturally attribut-
ed only in the last 10-15 years), the resource availability of the area may be indicative for es-
timation of the maximum population limit and the number of simultaneously existing settle-
ments of the Itkul Culture. By analogy with monocultural settlements in the Urals, where oste-
ological remains of domestic and wild animals have been found in the cultural layer of the It-
kul Culture sites (Kosintsev, Stefanov, 1989), we assume that in the Tura-Pyshma interfluve
the population of the Itkul Culture also maintained a complex economy that included pro-
ducing and appropriating activities, but faunal remains have not been preserved in the aggres-
sive environment of sandy soils.

The determination of population size and its dynamics in various historical periods is one
of the subjects of social archaeology. It considers the interaction between humans and the nat-
ural environment, use of natural resources, origins of social organization and its major char-
acteristics in the context of producing and appropriating economy (foraging, gatherer-hunt-
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er communities vs agricultural and pastoral society), family and household, property inher-
itance rules, mortality rates, cross-cultural interactions (Chamberlein, 2006; Miiller, 2017; etc.).

The population size/density estimations may use different initial data (Miiller, 2015), such
as “...house size, settlement size and of the area, accessibility and productivity of land sur-
rounding settlements... a cemetery is known to serve a particular settlement... can serve as
an independent check on population estimates derived from settlement size or site catch-
ment analysis” (Chamberlein, 2006, p. 12); an observable density of archaeological evidence
in the study region (Drennan et al., 2015); investigating long-term regional trends: “...1) Set-
tlement data including site counts; 2) summed estimated settlement sizes, effectively a weight-
ed version of site counts; and 3) SPDs (summed probability distributions) of radiocarbon dates.”
(Palmisano, Bevan, Shennan, 2017, p. 60).

One of the parameters closely related to demography and population density is the ecolog-
ical capacity of the territory. Site exploitation territories are identified around settlements, us-
ing the Site catchment analysis and the Site Territorial analysis (Vita-Finzi, Higgs, 1970; Jar-
man, Vita-Finzi, Higgs, 1972; Bailey, Davidson, 1983; Malone, Stoddart, 1994, p. 81-93; Ren-
frew, Bahn, 2005; Nedashkovsky, 2013; etc.). Among other characteristics, they demonstrate
the dynamics of climate change (Nikulina et al., 2018). The area of agricultural activity can
be outlined by mapping of ware fragments in stratigraphic sections around settlements; indi-
cators of pastoral-agricultural activity in soil are phosphate content and urease activity (Ko-
robov, Borisov, 2020).

In this case, identifying potential resource zones around specific fortified settlements
of the Itkul Culture or their clusters would be the next step in the study. At present, the forti-
fied settlements in this archaeological area are mostly unexcavated, and we have only limited
data on the external features and relative dating based on surface findings or findings from
survey pits. It is necessary to analyze the localisation patterns for the sites (in the western part
of the Andreevsky lake system they are relatively dispersed, while in the eastern part there is
one large cluster of sites, the rest are dispersed), and their chronology. Therefore, the purpose
of our study was to estimate the number of fortified settlements that could exist simultane-
ously in the area of the Andreevsky lake system, and the approximate population size based
on resource availability.

In the Andreevsky lake system, the sites are grouped into several clusters. The approximate
distance between them is 8-10 km. As we assume that the dwellers of the Itkul settlement were
engaged in a complex economy — animal husbandry and hunting and fishery (Zimina, Zakh,
2009) — the distance between the settlements in different parts of the Andreevsky lake system
roughly correspond to the allocated potential resource areas for hunting-gathering and animal
husbandry communities: 10 km for hunting and gathering, and 5 km for the more labor-inten-
sive activities of agriculture, in terms of walking time — two hours and one hour, respective-
ly (Vita-Finzi, Higgs, 1970; Renfrew, Bahn, 2005, p. 173). At the same time, there is evidence
of different arrangement of the potential resource areas, depending on the nature of econom-
ic activities (Renfrew, Bahn, 2005, p. 174.) For example, indigenous peoples of Western Sibe-
ria used hunting grounds located many (20 km or more) kilometers away from their perma-
nent residence place (Martinova, Pivneva, 1999, p. 5, 7).

© O.Yu. Zimina, O.S. Sizoy, P.R.Tsymbarovich Journal homepage: http://journal.asu.ru/tpai/index



102 TEOPUS N MPAKTUKA APXEONTOTMYECKUX UCCNTIELOBAHUM 2022 » T. 34, Ne3

The calculation of the population size in 2850-2600 cal BP and the number of the Itkul
Culture settlements that simultaneously existed on the territory of the Andreevsky lake system
are based on indicators obtained from the natural resource estimations: the amount of green
biomass required for the cattle; the amount of wild harvest; the amount of fish; the number
of wild animals and birds. Based on the fact that the Itkul Culture communities maintained
an integrated economy and used the products of both stock-rearing and hunting-fishery sec-
tors (Zimina, Zakh, 2009), calculations were made for both. The energy value of products
of animal husbandry, gathering, hunting, and fishing was correlated with human energy ex-
penditures (approximately 3,000-4,000 kcal/day per person; e.g., Smith et al. (2012, p. 7620)
give ca. 4,000 kcal-cap-1-d-1 in simple farming societies.) The calculations were adjusted to
account for the historical data on the economic activities of the settlement dwellers in the vi-
cinity of Tyumen in the 19" century (Patkanov, 2003), and considering the calculations based
on the area of residential structures in the fortified settlements. The parameters of the struc-
tures are known from excavations of the Itkul settlements in various Trans-Ural areas (Zimi-
na, Zakh, 2009).

According to calculations, the number of large ungulates was relatively small with larg-
er numbers of game and waterfowl, which is quite consistent with the total area of forests
and water bodies. However, the potential for fishing was the most significant. According to
the DSM-simulated water level rise, the area of large water bodies in 2850-2600 cal BP was
slightly different from modern and equalled 7,800 ha. At present, the fish yield of the An-
dreevsky lakes is 30 kg/ha. The reconstructed area of potential pastures and hayfields in the an-
alysed period in the territory of the Andreevsky lake system was about 214 km?. The area
and yield of the pastures were significantly higher compared to the areas suitable for hay pro-
duction, while wet meadows, as estimated, represented the most efficient plant communi-
ties for the producing economy. Also, the dwellers of the ancient settlements had fairly good
opportunities for gathering wild fruits. In general, the population size calculations detailed
in (Zimina et al., 2019) showed that in 2850-2600 cal BP, in the territory of the Andreevsky
lake system, including the ancient lakes of the eastern part of the interfluves, about five settle-
ments could exist simultaneously, and the number of dwellers (“carrying capacity”: the size
of the population that the environment can support) might have been about 300-400 people.

Conclusions

Analysing the life support system of the ancient population in the Tura-Pyshma interfluves,
we tried to develop a comprehensive geoinformation system, an archaeological geoportal in-
tegrating the results of many years of archaeological, paleogeographical, and landscape re-
search. The database enables application of spatial analysis to simulate the location of archae-
ological sites in various eras, identification of potential resource zones of settlements, predic-
tion of possible location of new archaeological sites taking into account the resource poten-
tial of the territory.

Geoportal is a convenient tool for collaborative management and visualization of the avail-
able archaeological and spatial data. Geoportal does not require installation of any software
and can be accessed from anywhere. With its ease of use, Geoportal is accessible for those
without extensive knowledge in cartography and GIS.

The key archaeological geoportal applications are:
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1. Visualization of the available spatial data in the study area, including 3D representation.
The visualization can be used both for ongoing research or presentations.

2. Storage of the database of attributes, including photographs and plans of excavations on
a single server (physical or virtual), accessible from any workstation with the Internet access.

3. Fieldwork planning based on the assessment of the study area, transport accessibility,
and neighborhood analysis. Geoportal also supports field navigation by directly connecting
to a GPS receiver, recording waypoints, and routes.

4. Multi-user editing of spatial data enabled by the client-server architecture supports col-
laboration when studying large areas or during extensive projects involving multiple research
teams.

5. Basic geoanalytical operations:

- search for information by attributes (sampling);

- measurement of distances, areas, coordinates;

- grouping vector objects by type (generating derived thematic maps) (in progress);

- GIS-analysis (in progress): dynamic generation of buffer zones, object density maps,
elevation profiles, visibility zones, search for object intersections between layers, etc.

Work on filling the thematic layers is still being carried on. We keep refining the sections
on the archaeological sites specifying more accurate coordinates and boundaries, monitoring
their conditions and adding new sites.
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