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ABSTRACT

The use of living organisms for stratigraphy or as bioindicators of the state of the
environment has been known since the 19t century, but mainly for these studies the
remains of invertebrate animals (in particular, molluscs) are used, and from
vertebrates - mouse-like rodents. In the course of the work, certain species of
vertebrates and invertebrates were selected, based on the presence of which in the
material it is possible to reconstruct the climatic conditions in the historical past.
Such information is very important for historians and archaeologists, since it allows
them to better understand the living conditions of people in the historical past.

The aim of our work is to identify species of vertebrates that are stenotopic in at
least one factor and, on the basis of the findings of these species at archaeological
sites, to make climatic reconstructions.

Conclusions. To date, work on the identification of other indicator species
continues, we have carried out reconstructions of the paleoclimate on the basis of
osteological materials found in the excavations, and for a number of monuments we
have compared the results with the data of paleobotanists and soil scientists from the
same areas. The similarity of the obtained results is significant, which allows us to
propose a method of reconstruction of paleoclimatic and paleoecological conditions
based on the findings of the indicator species selected by us as effective. The most
effective is a comprehensive study of osteological materials, taking into account the
presence of the above-mentioned species in the material. In terms of time spent, the
identification of zooarchaeological materials is a simpler and faster method than
paleobotanical research, and the results are largely comparable. In addition, the same
species can be used to model predictions of habitat changes due to climate change in
the future.
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AHOTALIA

BukopuCTaHHS »KUBHUX OpraHiaMiB i crpaturpadii abo sk 6ioiHAMKATOpiB CTaHy
HaBKOJIMIIHBOIO cepefoBuIla Bisomo e 3 XIXcT, ane mepeBakHO A/ LMX JOCJiKeHb
BUKOPHCTOBYIOThCS 3a/IMILKH 6e3XpebeTHUX TBApWH (30KpeMa, MOJIIOCKIB), a 3 XpeGeTHUX —
MULIONIOAIOHI rpU3yHH. Y X011 po6oTH OyJM BUi/NEeHI OKpeMi BUIU XpebeTHHX i 6e3XxpeObeTHUX
TBapWH, 32 HAABHICTIO AKHUX y MaTepiaji MOXHa PEKOHCTPYHOBATHU KJIMaTU4YHI YMOBU B
icropuyHoMy MuHysoMy. Taka iHdopMmaris Ayxe BaxwinBa JJjs1 iCTOPUKIB Ta apxeoJioris,
OCKIJIbKH [I03BOJISIE Kpallle 3p03YMIiTH YMOBH KUTTA JIIOJ el B iICTOPUYHOMY MUHYJIOMY.

Memow Hawoi po6omu € inentTudikanis BUAIB XpeGeTHHX, CTEHOTONMHHX xX04a 6 3a
ogHUM GaKTOpOM, i Ha OCHOBI 3HaXi/IOK LIMX BUJIB Ha apXeoJIOTiYHHUX MaM’'sITKaX 3POOUTHU
KJIIMaTU4YHI peKOHCTPYKLIIL

Buchoeku. Ha ceporoauimHii JgeHb TpuBa€e pobota 3 igeHTHdikamii iHIKUX BHUAIB-
iHAMKATOpPiB, MM NPOBEJH PEKOHCTPYKLIl MajieoK/JiMaTy 3a 3HaWJEeHUMHM Yy PO3KOIKax
OCTEOJIOTIYHMMH MaTepiasamMH, a AJs psfy NaM'SITOK MOPiBHSJW pe3yJbTaTH 3 JaHUMH
Nasie060TaHIKIB i FPyHTO3HABLB 3 TUX CaMUX 06JlacTed. CX0XKiCTb OTPUMaHUX Pe3ybTaTiB €
3HA4YHOlO, 110 [03BOJIAE 3alPONIOHYBAaTU METOJLUKY PEKOHCTPYKLil IaJIeOKJIMaTUYHUX |
MaJIe0eKOJIOriYHUX YMOB 3a 3HaxiJKaMM BHJiB-iHAUKATOpiB, 06paHUX HAMU SIK edEeKTHUBHI.
Hai6isbm edeKTHBHHUM € KOMILJIEKCHE JIOCJTi/PKEHHSI OCTEOJIOTIYHHUX MaTepialiB 3
ypaxyBaHHAM HafABHOCTI B MaTepiaji BuIeBKa3aHMX BHJIB. 3a BUTpaTaMH d4acy
imenTHdiKania 300apxeoJsOTiYHUX MaTepiasiB € MPOCTIMIMM i WMBUJAIIMM METOJOM, HiX
nasieo60TaHIvHI AOCIi/PKEHHS, a pe3y/IbTaTH, B 3HA4HiN Mipi, ToToXHi. Kpim ToOrO, TOM camuit
BU/i MOXHa BHUKOPUCTOBYBAaTH JJI1 MOJEJNIOBAaHHA NMPOrHO3iB 3MiH cepefjoOBUINA iCHYBaHHA
yepe3 3MiHM KJIiMaTy B MalGyTHbOMY.

Kamou4osi caoea: apxeo300s10ris, KiICTKH, pEKOHCTPYKI, KiiMaT, 6ioiHAnKanis

INTRODUCTION

The use of animals and their remains as indicators of the state of the environment
has been known and studied for a long time. But the vast majority of animals that
researchers focus on are, for the most part, invertebrates, fish, and small rodents.
Other types of mammals are not often considered as bioindicators, the exception
being the mammoth fauna complex. Birds and reptiles, too, usually do not fall into
these species. In the past, people were much more dependent on natural conditions
than they are now. Accordingly, such information is very important for historians and
archaeologists, since it allows them to better understand the living conditions of
people in the historical past.

Some species of vertebrates are stenotopic according to certain parameters, which
allows us to use them for the reconstruction of paleoclimatic and paleoecological
conditions, as well as for predicting changes in the future.

Paleoreconstructions of the climate based on the findings of representatives of
various faunal complexes were made, among other things, by the famous
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paleontologist Pidoplichko!. In the 20t century, the concept of “faunistic complexes”
was developed, which was mainly used in paleontology?, and was also singled out for
fish3. All this helps to make both paleoclimatic and paleoecological reconstructions.

In the literature there are separate references to the fact that the presence of
certain species of animals can determine the natural conditions in which they lived.
Thus, well-known zoologist Formozov# found that for many animal species, including
medium and large vertebrates, the main limiting factor is not cold or the presence of
water, but the maximum depth of snow cover in winter.

In the 1990s and in the 2010, climate reconstructions based on finds of animal
bones were carried out by E. Antipina®. Paleontologist L. Gorobets in his dissertation
describes species such as capercaillie and black grouse as bioindicators®.

Species adapted to live in a wide range of natural conditions are called
“eurybionts”. Whereas species, the range of which is strictly limited by certain
conditions (at least one of the factors), which are limiting for their distribution, are
called “stenotopic”. There is also such a thing as “ecological criterion of the species” -
these are all the environmental conditions that are necessary for a particular species.
The environmental factor, which most strongly deviates from the optimum but is
necessary for the survival of the species, is called limiting. Using the concepts of
stenotopic species, ecological criteria and limiting factors, it becomes possible to
reconstruct the climatic and ecological conditions of the past based on finds of animal
bones.

Findings of animal bones as indicators for climate reconstruction in the historical
past were used in some of his works by the well-known Ukrainian archaeozoologist
0. Zhuravlev’. However, in most works, mainly individual species were considered
and, for example, only mammals or birds.

Today, there is a need to generalize the available data, add new species to the list
of bioindicators, and also make tables convenient for archaeologists to use.

MATERIAL AND METHODS
The aim of our work is to identify species of vertebrates that are stenotopic in at
least one factor and, on the basis of the findings of these species at archaeological

1 [Tudonauuko HU.I. Payna OabBuM (o packonkam 1935-1937 rr.). [Ipupoda. 1938. Ne 11-12. C. 113-116.
2 ['pomos B.U. [TaneonTosioruyeckoe u apxeoJIorHyecKoe obocHOBaHHe ctpaturpadpuu
KOHTHHEHTAJIbHBIX OTJIOXKEHHWH 4YeTBepTUYHOro nepuoja Ha Tepputopuu CCCP (MiekonuTarouiue,
nasieosut). MockBa: AH CCCP, 1948. 521 c.

3 Hukosbckuli I'B. O MeToznKe 300reorpaduyeckux UcciaefiloBaHuil. Bonpocel eeozpaguu. 1951. Ne 24.
C. 263-274; Hukoabckuti I'B. O 6uosiornyeckoil cnenudprke GpayHUCTHIECKUX KOMIJIEKCOB U 3HAYeHUHU
UX s 3ooreorpadun. Ouepku no o6wjum sonpocam uxmuoiozuu. Mocksa: AH CCCP, 1953. C. 65-67.

4+ Popmo308 A.H. CHeXKHBIN NOKPOB KaK GaKTOP Cpe/ibl, ero 3HaUYeHHe B KU3HU MJIEKOMUTAIOLIUX U [ITHLL
CCCP. Mocksa: UspnaTeabcTtBo MI'Y, 1990. 287 c.

5 AumunuHa E.E. 061K ¥ ucTopus $ayHbl Ha3eMHbIX MJIEKONUTAIOUINX U MITUL paBHUHHOro KpbiMa B
M03/IHeM roJionieHe: aBToped... AucC. K. 61oJ1. H. MockBa, 1993. 24 c.; Aumununa E.E. lanfmadTe! ceBepo-
3anagHoro KpbiMa B aHTHYHYI0 310Xy (apxeobrosioruyeckas peKOHCTPYKLMA). [luHaMUKa eKOCUCTeM B
roJsionieHe. Ekatepun6ypr, 2010. C. 10-15.

6 [opo6eyb JI.B. IlTaxu sIK iHAUKATOPH Hasie0eKosIoriYHUX 3MiH ekocrcTeM [liBaHa CxigHol €Bponu (Ha
NpHKJIaZi eoLeH-X0JI0LeHOBUX aBidayH): aBToped... auc. 1. 6iou. H.. Kuis, 2018. 37 c.

7 XKypassaes O.I1. ’KUBOTHOBOZCTBO, 0X0Ta W JiaHAUWAPTHbIE O0COGEHHOCTH aHTUYHOTO OJIbBHHCKOTO
rocyzapctsa (Mo KOCTHBIM ocTaTKaM). Mopgosozuueckue 0co6eHHOCMU NO380HOYHBIX HCUBOMHBIX
Ykpaunoet. Kues, 1983. C. 38-45; Kypasivoe 0.I1. ®ayHa Yxpainu: apxeoJsioriusi jgociifpkeHHs. Kuis:
Bupasenupb Oser ®istok, 2017. 389 c.



40 EMIHAK

sites, to make climatic reconstructions. On the graphs, the height of the sinusoids
reflects the level of temperature change conditionally: calibration in degrees was not
carried out, however, the height of the sinusoid along the Y axis will be greater where
cooling or warming was greater compared to other periods. This was done to
visualize the results of reconstructions and to facilitate data comparison.

During 2006-2022, we examined zooarchaeological material from more than 85
archaeological sites (more than 184,000 remains of animal origin), from the Neolithic
to the late Middle Ages. In terms of the amount of researched material, the most
representative are the results of the research of Olbia and the multi-layered site of
Ratniv-IL

The remains of mammals and birds were determined by comparing bone
fragments with specimens of modern and subfossil species from the collection of the
National Natural Science Museum of the National Academy of Sciences of Ukraine.
The degree of fragmentation was determined according to the method of
E. Antipinova8, the age of the sawdust - according to G. Klevezal®. The fishes were
identified by comparing bones and scales with modern specimens from the author's
comparative osteological collection. In those cases where it was possible, the exact
age of the fish was determined by the scales and vertebrae of the fish. Systematics
and types of fish names, given according to Y. Movchan'’s reference guide?o.

To determine the size of subfossil bones, they were measured with a caliper to the
nearest 0.1 mm according to the method of von Drischll. Statistical processing was
performed in the PAST program.

In addition, we analyzed the conditions necessary for the life of the most common
species of vertebrates, as well as a number of birds, reptiles, mollusks, and even
plants. In this paper, the patterns we describe refer to the territory of Europe,
including Ukraine. We did not carry out similar studies for other territories. Similar
reconstructions, but by different methods, are made by climatologists and
paleobotanists (or archaeobotanists).

A prerequisite for correct reconstructions is the origin of the studied animal bones
directly from the study area. Because there are situations (for example,
archaeologists find a bone carving workshop) in which there are many deer antlers.
But they can be brought from other places and are unsuitable for reconstructions of
the local paleoclimate. At the end of the reconstruction, we compared our conclusions
with the data obtained for these territories by scientists of these specialties.

The method described by us has shown good results, with its help it is possible to
trace climate changes - global changes in warm and cold periods, forests by steppes,
as well as the species composition of some tree species and grasses. Like any
reconstruction, this method does not give a 100% match. The most accurate
reconstruction is given by complex analysis based on all available sources of
information.

8 AumunuHa E.E. Apxe0300JI0TMYeCKHE HCCAe[0BAaHUA: 3aJadM, IOTeHLHa/JbHble BO3MOXHOCTH H
peasbHble pe3yabTaThl. Hogeliwue apxeo3oonozudeckue uccaedosarust 8 Poccuu. Mocksa, 2003. C. 7-34.

9 Knesesaanw IA. IlpyHIMIBI U MeTOABI Ollpe/iesIeHUs Bo3pacTa MJekonuTtawmux. Mocksa, 2007. C. 49-
54.

10 MoguaH F0.B. Pu6u Ykpainu. Kuis: “3os0Ti BopoTa”, 2011. 444 c.

11 Driesch Angela von den. A guide to the measurement of animal bone from archaeological sites. Peabody
Museum Bulletin, 1. Peabody Museum of Archaeology and Ethnology. Harvard, 1976. 148 p.
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RESULTS

As a result of the analysis of all the data, we identified a number of species for
which it is possible to carry out paleoreconstructions. Thus, the bones of the
European roe deer (Capreolus capreolus, Linnaeus, 1758) in the materials testify to
the presence of woody vegetation of soft species, representatives of such genera as
Willow (Salix), Populus (Populus) and Alnus (Alnus) during the studied period. In
addition, one of the main limiting factors for the species is the maximum depth of the
snow cover in winter (it cannot exceed 25 cm, maximum - up to 30 cm)!2, The species
is found both in the forest-steppe and in the forest zone, but on the edge of the forest.
Beaver (Castor fiber, Linnaeus, 1758) also indicates the presence of soft rocks in the
floodplain, and depending on the hydrological regime, it can either build a hut and a
dam, or dig holes in the bank. The species itself can also directly affect the state of the
reservoir. Table 1 shows the most relevant species for the territory of Ukraine.
Predominantly, wild vertebrate species are the best bioindicators. Although some
domestic species are also suitable for this - for example, domestic sheep (Ovis aries,
Linnaeus, 1758), which require open spaces and grassy vegetation.

European elk (Alces alces, Linnaeus, 1758) in the first line indicates the presence of
forests, often broad-leaved, and with interspersed conifers. Either for the presence of
young coniferous forests. Also, the species gravitates to wet places, mainly to swampy
areas. The maximum depth of the snow cover in winter for this observation should be
80 cm. Wild boar (Sus scrofa, Linnaeus, 1758) in the material indicate that the
maximum depth of the snow cover was no more than 40 cm - oak, or oak-hornbeam)
forest. For the red deer (Cervus elaphus, Linnaeus, 1758), the maximum depth of the
winter cover storage is 40 cm!3. One of the main intermediary factors for the
european pound turtle (Emys orbicularis, Linnaeus, 1758) is the average winter
temperature, which should not be below +2.6°C14. The indicator species also include
the wood grouse (Tetrao urogallus, Linnaeus, 1758) and the hazel grouse (Tetrastes
bonasia, Linnaeus, 1758), which are typical forest species. The wood grouse primarily
prefers coniferous forests, while the latter prefers mixed forests, and does not even
approach the edge of the forest closer than 200-300 m. Black grouse (Lyrurus tetrix,
Linnaeus, 1758) is found in both forest and forest-steppe, as well as in steppe
biotopes, but prefers places with a predominance of birch (Betula sp.). One of the
limiting factors for the species is the formation of crust in the winter period due to
thaws and subsequent frosts. Molluscs - painter's mussel (Unio pictorum, Linnaeus,
1758) and thick shelled river mussel (Unio crassus, Philipsson, 1788) react to the
hydrological regime and water purity; river crayfish (Astqacus sp.) - for water
quality; sturgeon (Acipenseridae), pikeperch (Sander lucioperca, Linnaeus, 1758) -
oxyphilic species, common carp (Cyprinus carpio, Linnaeus, 1758), crucian carp
(Carassius sp.), tench (Tinca tinca, Linnaeus, 1758) - are satisfied with a very small

12 @opmo3os A.H. CHexxHbI MOKPOB Kak (aKTOp cpefibl, ero 3HaYeHHEe B >KU3HU MJIEKOIUTAIIMIUX U
ntuly CCCP. MockBa: U3gaTtesibctBo MI'Y, 1990. 287 c.

13 Ibidem.

14 Nekrasova O., Tytar V., Pupins M. Local functional responses of the European pond turtle, Emys
orbicularis, to bioclimatic habitat features: a comparison of populations from Latvia and Ukraine.
Conference: Il Congresso Nazionale Testuggini e Tartarughe (Italy, Albenga, 2019.04.11-13). Albenga,
2020.P. 150-158.
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amount of oxygen in the water!5, common nase (Chondrostoma nasus, Linnaeus,
1758), trout (the birthplace of Salmonidae) - loves rapids, clear, cool water with a
fast current. The saiga (Saiga tatarica, Linnaeus, 1758) and the onager (Equus
hemionus, Pallas, 1775) mark the steppe areas and indicate the aridization of the
climate.

The best results and opportunities for reconstructions are provided by complex
studies, which take into account the presence of remains of not only mammals, but
also birds, reptiles (european pound turtle), fish and molluscs in the archaeological
material, as well as the archaeological context.

In order to reconstruct the paleoclimatic and paleoecological conditions from a
specific archaeological site, it is necessary, first, to determine the animal bones to
species. Next - to analyze the species composition and ratio of species. For example,
let’s take the monument of the Scythian time Severinovkalé. A total of 2196 remains
of animal origin have been studied. Of all this number of bones and species, only a few
are of the greatest interest for reconstruction: wild boar, beaver, red deer, podust and
mollusk. In addition, be sure to pay attention to such domestic species as horses, large
and small cattle. Further, we can look at Table 1 and clarify what conditions are
necessary for the existence of these species.

Thus, the wild boar primarily indicates the presence of a forest-steppe, with
broad-leaved species, such as oak and hornbeam, and the maximum depth of snow
cover in winter is not more than 40 cm. Red deer and beaver - for the presence of
broad-leaved forests, possibly floodplain, with such species as willow, aspen, alder.
For deer, the maximum depth of snow cover is also 40 cm. It should be remembered
that in the past the climate has changed several times, and if now in this area the
maximum depth does not exceed 13 cm on average, then in the past the situation
could be completely different. The Discus rotundatus is a species that lives in dead
wood or in old living trees, in broad-leaved forests (oak, hornbeam), sometimes in
alder trees in beams among broad-leaved forests (but it is unlikely to be in floodplain
forests). The common nase (Chondrostoma nasus) species prefers deep rivers with
fast currents and rapids. In addition, in the course of the research, teeth of a domestic
horse and a domestic cow with hypoplasia were found. This pathology of tooth
enamel develops in animals (and humans) in case of lack of nutrition at an early age.
Thus, after analyzing the data, we can say that the settlement was located in the
forest-steppe zone, but next to it there was a large oak-hornbeam forest, with
inclusions of willow, aspen and alder in the river and stream valleys. Open spaces are
needed for livestock grazing. Perhaps, in this case, grazing took place in the floodplain
of the river. And for large species, nutrition was insufficient (hypoplasia indicates
this). Thus, after analyzing the data, we can say that the settlement was located in the
forest-steppe zone, but next to it there was a large oak-hornbeam forest, with
inclusions of willow, aspen and alder in the river and stream valleys. Open spaces are
needed for livestock grazing. Perhaps, in this case, grazing took place in the floodplain

15 Hukoswckuii I'B. O MeTofuke 300reorpaduueckux ucciaefoBaHuil. Bonpocwt 2eoepaguu. 1951. Ne 24.
C. 263-274; Hukoabckuti I'B. O 6uosiornyeckoil cnenudprke GayHUCTHIECKUX KOMIJIEKCOB U 3HAYeHUHU
UX Jiis1 30oreorpadun. Ouepku no o6wjum sonpocam uxmuosiozuu. Mocksa: AH CCCP, 1953. C. 65-67.

16 Boampuk I0.B., T'opbaxenko C.A, Kyé6aili M.B, Cepeecea M.C, Aniw €.10. CeBepHHIBCbKe TroOpoAulLe
ckidpcbKoro yacy: 6iorocrnofapcbKUi acnekT JocaipKkeHb. Apxeosozia i dasHsa icmopia Ykpainu. 2015.
Bum. 4 (17). C. 155-192.
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of the river. And for large species, nutrition was insufficient (hypoplasia indicates
this). The climate was quite warm, the snow cover in winter did not exceed 40 cm.
The river had a fast current and rifts. Accordingly, the beaver could not build its
dwelling and dam on the channel and could either dig holes in the steep banks of the
river, or make a dam not on the main channel, but on the stream that flows into the
river.

Based exclusively on animal remains, we reconstructed the paleoecological and
paleoclimatic conditions for the early Neolithic sites of Starobilske-I (modern
Luhansk region). Thanks to the developed method, exclusively due to the findings of
bioindicator species it was possible to accurately determine the periods of warming
and cooling in the studied periods at the archaeological sites and paleoecological
conditions.

Starobilsk - Early Neolithic site (5900-5800 BC), located on the territory of
Luhansk region, excavation materials of 0.G. Shaposhnikov and Yu. Hurin for 1979-
1980. Five species of mammals have been identified: tour, elk, wild boar, roe deer and
beaver. In addition, the remains of a representative of the equine family (Equidae)
were found, probably a onager. The bird bones cannot be determined to species, all
the reptile bones belong to the terrapin species, and the mollusk shell fragment
belongs to the Unio genus.

Based on the species composition and the presence of 5 model species (some of
them were selected during the work of previous years), we can reconstruct the
paleoecological conditions around the ancient site. Thus, the presence of roe deer and
beaver indicates the presence of broad-leaved (including floodplain) forests, elk -
coniferous forests (probably pine), roe deer and tur to a greater extent forest-steppe
species that prefer meadows and edges, the presence of horse bones (kulana?)
indicates significant open spaces. The depth of the maximum snow cover in winter is
important in the life of animals and is often the main limiting factor in the dispersal of
species. So, roe deer is not found where the depth in winter is more than 30 cm, for
wild boar the critical depth is 40 cm.

Thus, in the early Neolithic around the Starobilsk-I site there was a forest-steppe
with significant areas of the steppe, with a predominance of broad-leaved species
(probably with interspersed oaks and pines) and a snow cover depth of 30 to 40 cm
in winter. These paleoreconstructions are fully confirmed by the studies of soil
experts and paleobotanists who worked at the same sitel?.

In addition, the method made it possible to reconstruct for the Northern Black Sea
region not only the end of the Roman climatic optimum 200 years later than
previously thought, but also the beginning - in the 5t century BC, 200 years earlier
than the generally accepted dating (fig. 1). At the same time, most of the finds of lions
(Panthera leo, Linnaeus, 1758) from this territory date back to the 5th-
2nd centuries BC. Since the beginning of the 20t century, enough data has already
accumulated to confirm that lions (not only cavemen) were in the fauna of Ukraine.
And just the transition of the climate from a colder one, with woody vegetation,
through the forest-steppe stage to the steppes, is most suitable for the distribution of
this species in the Black Sea region. This is in good agreement with our dating data.

17 [epacumenko H.II. TlpupojHas cpeja o6GHUTaHHsS 4esJoBeKa Ha IOro-BOCTOKE YKpawHbl B
o3/ HeJle/IHUKOBbIE U roJiolieHe (110 MaTepHasaM naJjieoreorpagpuyeckoro U3y4eHus apxeoJ0ruyecKux
NaMsATHUKOB). Apxeosnozudeckull arbmaHax. 1997. Ne 6. C. 3-64.
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Among others, the unique site of Ratniv-II (Volyn region) was investigated.
Zooarchaeological materials from 18 objects of different times have been identified,
due to which two historical periods, which are almost continuous in terms of the
availability of materials, have been identified (from 5400 BC to 1100 BC and the 8th -
12t centuries AD). Paleoclimatic conditions on the site of modern Ratnov were
reconstructed and a comparison was made with own reconstructions in the Poltava
region (fig. 2).

1. Object17, Linear Pottery culture (LBK). According to the results of the
analysis of the osteological collection, it can be assumed that the settlement was
located in a forest-steppe landscape, most likely with mixed forests (the main species
are oak, linden, elm, pine). During the studied period, the climate was warm, the
average winter temperature did not fall below +2.3°C, which corresponds to the
Holocene climatic optimum (early Atlantic period AT1).

2. Tshinetsko-Komariv culture. The settlement was located in a forest-steppe
landscape, most likely with mixed forests (the main species are oak, linden, elm,
pine). In the studied period, the climate was warmer than today, but colder and drier
than the previous Atlantic period.

3. Mezhanovitska culture/Stzhizhov culture and the Middle Ages (8th-
9th century AD and the beginning of the 11th century AD). Thanks to the presence of
indicator species in the material, paleoclimatic and paleoecological conditions for the
studied objects were reconstructed. Thus, the period of existence of objects 21 and 36
fell on the subboreal - at the end of cooling and the beginning of warming.
Settlements were located in the forest-steppe, but with a predominance of coniferous
forests and heather plants in the undergrowth. But the average winter temperature
did not fall below +2.3°C.

The period of existence of object 24 refers to the sub-Atlantic period, in particular
to the end of the climatic pessimism of the early Middle Ages. The settlement was
located in the forest-steppe zone, the forests were mainly mixed: represented by
broad-leaved (oak-hornbeam) and coniferous (pine and spruce) species. The
maximum depth of the snow cover in winter ranged from 30 to 40 cm.

The functioning of object 32 also belongs to the sub-Atlantic period, in particular
to the Middle Ages climatic optimum, which is indicated by the presence of roe deer
bones in the material. The settlement was located in the forest-steppe zone, but the
area of forests increased, broad-leaved forests with species with soft wood (aspen,
alder, willow, poplar) prevailed, especially in river floodplains. The maximum depth
of the snow cover in winter did not exceed 25.0 cm. The average monthly
temperature was =+10°C for 150-160days a year, and the annual amount of
precipitation was 450-650 mm.

The results were compared with the data of paleobotanists and climatologists
from the territories of these monuments in the studied period. To a large extent, the
reconstructions coincided, which gives us the opportunity to recommend the above-
mentioned species as indicators of paleoclimatic and paleoecological changes.

CONCLUSIONS

To date, work on the identification of other indicator species continues, we have
carried out reconstructions of the paleoclimate on the basis of osteological materials
found in the excavations, and for a number of monuments we have compared the
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results with the data of paleobotanists and soil scientists from the same areas. The
similarity of the obtained results is significant, which allows us to propose a method
of reconstruction of paleoclimatic and paleoecological conditions based on the
findings of the indicator species selected by us as effective. The most effective is a
comprehensive study of osteological materials, taking into account the presence of
the above-mentioned species in the material. In terms of time spent, the identification
of zooarchaeological materials is a simpler and faster method than paleobotanical
research, and the results are largely comparable. In addition, the same species can be
used to model predictions of habitat changes due to climate change in the future.
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Fig. 1. Dating of the studied materials and their relationship with climatic optimums and
pessimums (BC). 1-2, 4-7 - archaeological sites on the territory of of Ratniv-II; 3 -
archaeological sites of Kolyadka island, 8 - archaeological sites of Olbia, R-25.
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Fig. 2. Dating of the studied materials and their relationship with climatic optimums and
pessimums (AD). 1, 4, 7 - archaeological sites on the territory of Poltava; 2, 3, 5, 6 -
archaeological sites on the territory of Ratniv-II
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