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Summary. The objects of the study were fossilised bone remains of tortoises extracted from the
soil during excavations in the Binagadi bitumen deposit and suburban summer cottages of Ab-
sheron. The material was collected and processed during the period from 2020 to 2023 during ex-
peditionary and laboratory researches. The study of the material revealed a large number of bone
fragments. The generic and species affiliation of the discovered bone fragments of tortoises was
established. The study of the skeletal remains of tortoises found in the Binagadi bitumen deposit in
the Late Pleistocene layer (the Late Dryas) and its comparison with the bones of tortoises found in
the Holocene layer (the Middle Subatlantic period) on Absheron allowed assuming that the climate
at the end of the Pleistocene was cooler and more humid than in the Holocene. This was indicated
by some changes in the morphology of the bony shell of tortoises: a decrease in the indices of the
ratio of shell length to its width and height, as well as the width of the shell to its height; changes in
the size proportions of some bone plates of the carapace and plastron. All these changes presuma-
bly reflect some intensification of the adaptation processes associated with significant climate
changes in Azerbaijan in general and in its eastern part particularly during the specified geological

period (more than 0.012 million years ago).
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Introduction

Bitumen deposits with ancient remains of flora
and fauna are confined to areas where oil comes to the
Earth's surface and are most often of Quaternary age.
In deposits of this type, organic remains accumulate
over a long period of time and have a fairly diverse
species composition, with the remains preserved to a
satisfactory level for study. Natural bitumen deposits in
Azerbaijan are concentrated mainly in the Absheron,
Shemakha-Gobustan, Nizhne-Kura, Gabala and Guba
regions. Several bitumen deposits are known on the
Absheron Peninsula: Gyrmaki, Binagady, Khirdalan,
Babazanan and Pirallahi Island (Artem). Only two of
them - Gyrmaki and Binagady have been studied for
paleofauna (Halilov, 2003; Alizadeh, 2024).

The Binagadi bitumen deposit is a unique and
the largest Upper Pleistocene cemetery of flora and
fauna of global significance. More than 300 species
of animals and plants have been identified here (43
species of mammals, 110 species of birds, two spe-
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cies of reptiles, one species of amphibians, 107 spe-
cies of insects, one species of mollusk, and 22 spe-
cies of plants). Only the Californian deposit Rancho
La Brea in the USA is comparable to it.

The Binagadi bitumen deposit was discovered
in 1938 by geologist A.S.Mastan-zade, who, having
discovered animal bones in bitumen, handed over
the unique paleontological finds to V.V.Bogachev,
who was able to appreciate the scientific signifi-
cance of these finds (Jafarov, 1966). Since then, em-
ployees of the Natural History Museum named after
G.Zardabi (Natural History Museum), and since
2020, the staff of the paleozoology laboratory of the
Institute of Zoology of Azerbaijan have been exca-
vating and studying the fossil remains of flora and
fauna there. The location of the remains of flora and
fauna coincided with the site of the most ancient oil
and bitumen production on the Absheron Peninsula,
where wells from which oil products were previous-
ly extracted manually have survived to this day.
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The study of the Binagadi remains of animals and
plants is very important for the reconstruction of the
fauna of the Quaternary period of Eurasia and the his-
tory of the formation of the modern fauna of Absheron
(Eybatov et al., 2015). Macrostructural markers played
a leading role in determining the Binagadi osteological
material, which have proven their priority significance
for determining the taxonomic status of many groups
of animals (Burchak-Abramovich, 1966).

The Binagadi burial site of the Quaternary fauna
and flora is located on the Absheron Peninsula in the
village of Binagadi. On the site of the Binagadi burial
site 150-40 thousand years ago there was an ancient
freshwater or slightly salty lake, around which there
were natural oil spills that were destructive to ani-
mals. Qil spills also penetrated into the lake itself,
increasing the area of the territory posing a danger to
representatives of the local fauna. As a result of many
years of work by the employees of the G.Zardabi
Natural History Museum: V.V.Bogachev (1938;1939),
P.V.Serebrovsky (1945;1948), N.l.Burchak-Abra-
movich (1949-1962), R.D.Jafarov (1954-1966),
D.V.Gadzhiev (1968-1978), T.M.Eybatov (2022),
N.E.Novruzov, K.A.Taptygova, T.M.Eybatov (2024)
et al. identified many species of insects, birds and
mammals by collecting and studying the fossil re-
mains of the Binagadi fauna.

Since 2012, the third stage of research and ex-
cavations in the territory of the Binagadi site of fos-
sil Quaternary fauna and flora began. During these
works, old and new layers rich in samples of fossil
fauna and flora were studied, in the study of which,
since 2020, employees of the Paleozoology Labora-
tory of the Institute of Zoology of Azerbaijan have
taken part together with the employees of the Natu-
ral History Museum. Currently, all collected fossil
plant, entomological and osteological material is
stored in the Natural History Museum of Baku.

Material and methods

The fossil bone material of tortoises was collect-
ed from 2020 to 2023 on the Absheron Peninsula in
the southeastern part of the Binagadi settlement
(40.06°N; 47.45°E), where the Binagadi burial site of
Quaternary fauna and flora is located. During excava-
tions, the soil mixed with bitumen containing bone
and plant remains was removed layer by layer in large
blocks and packed into large plastic containers. Sub-
sequently, in the laboratory, the blocks were carefully
divided into small parts, sorted and their composition
was studied visually and using magnifying devices
(magnifying glasses; MBI-6 and Nikon SMZ 1270
binoculars). The found objects were photographed in
different projections with a scale ruler superimposed
and sorted according to taxonomic classification and
morphological nomenclature. When identifying the

Binagadi fossil bone remains, the main consideration
was given to the structural features of the macro- and
microstructure of the bones, taking into account the
geochronological scale, paleoclimatic and paleoeco-
logical conditions of the Upper Pleistocene (Velichko,
2009). According to the stratigraphic scale, the stud-
ied horizons corresponded to the Late Pleistocene
(50-70 thousand years ago).

During the primary office processing for sorting
and identifying the material, the osteological collec-
tions of the Natural History Museum and the Insti-
tute of Zoology were used as comparative (refer-
ence) samples. Additional literature was also used:
anatomical atlases, identifiers and guides to compar-
ative animal anatomy (Gurtovoy et al., 1978; Car-
roll, 1992; Romer, Parsons, 1992; Kartashev et al.,
2004; Dzerzhinsky, 2005; Titov et al., 2011; Zagu-
menov, 2021). Various methods have been proposed
for preparing bone tissue sections (Eidlin, 1971;
Smirina, 1989; Castanet, Smirina, 1990; Smirina,
1994; Klevezal, 2007). However, in our case, they
did not fully ensure the production of thin sections
(up to 0.02-0.04 mm), especially from bones stored
in the soil for a long time, the surface layers and
compacts of which, having undergone mineralisation
processes during their stay in the soil, are easily de-
stroyed and their value may ultimately be lost. At
the same time, the degree of mineralisation of bone
tissue in the soil is one of the important features de-
termining the time of death of an animal [Rubezhan-
sky, Nedilko, 1972). In addition, the methods pro-
posed by the authors are quite complex in terms of
technique and require a significant investment of
time. We used a simplified method for preparing
thin sections, which allows avoiding the above-
mentioned disadvantages and preserve the mineral-
ised compacta layer on the bones for measuring its
thickness using the eyepiece micrometer of the mi-
croscope. The essence of the method for preparing
of thin transverse sections of long tubular bones was
as follows. From the middle of the diaphyses of long
tubular bones, cuts were made with a dental disk
cutter and by further grinding on grindstones with
different degrees of graininess (M20-M35 um) trans-
verse sections were prepared suitable for examina-
tion under a microscope in transmitted light. Then
the thin sections (15-30 um) were decalcified in a 3%
nitric acid solution for 20 minutes, washed with run-
ning water and examined under a binocular micro-
scope at 40-60x magnification. The thin sections
were stored in glass penicillin vials in pure glycerin.
The described method is characterised by the speed of
preparative of the preparat, allows obtaining very thin
sections, and is especially suitable for bones extracted
from the ground. We used it in the study of a large
number of bones of varying degrees of preservation.
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The material for the comparative study of the skele-
tons of tortoises from the Binagadi Pleistocene bitu-
men deposits with the skeletons of modern tortoises
were the bone remains of land tortoises obtained in
the Holocene layer (at a depth of up to 1.5 m) when
digging wells in old suburban summer cottages of the
Absheron Peninsula (Shuvalan, Dubendy, Govsan,
Turkyan). All linear measurements of the shells and
separate bones were carried out with mechanical and
digital calipers with an accuracy of 0.1 mm. Measu-
rements of the microstructural elements of bone sec-
tions were carried out with an accuracy of 0.01 mm
using the eyepiece micrometer of the MBI-6 micro-
scope. To fully describe the incomplete skeletons of
tortoises, a reconstruction of the shells was carried out
using the typological extrapolation method (Meyen et
al., 1988), i.e., completing the missing parts using
analog (standard) images taken from zootomic atlases
and processed in the graphic editors Paint and Corel
Draw. Statistical processing of the primary digital
data was carried out in Microsoft Excel and in the
PAST 4.03 programs (Hammer et al., 2001).

Results and discussion
Description of the fossil material. Two incom-
plete skeletons of tortoises and separate bones of

these animals were found in bituminous deposits at a
depth of about 2.5 m (Fig. 1). These finds were of
particular value, since they are extremely rare. The
postcranial skeletons of tortoises included bones of
the carapace and plastron (cervical, pygal, costal,
neural, marginal, suprapygal, epiplastron, entoplas-
tron, hyoplastron, hypoplastron, xiphiplastron), as
well as the caracoid, pelvic bones, part of the cervi-
cal and caudal vertebrae, long tubular bones of the
appendicular skeleton (humerus, radius, ulna and
clavicle, femur, tibia) (Fig. 2).

All bones were in satisfactory condition. The
presence of ossified epiphyses at the distal ends of
long bones indicated that these skeletal specimens
belonged to adults.

The material for the comparative study was the
bone remains of land tortoises, obtained in the Holo-
cene layer during the digging of wells in old summer
cottages on the Absheron Peninsula. The number of
claws on the limbs of tortoises extracted from a
depth of up to 1.5 m at old summer cottages on the
Absheron Peninsula was five on the front limbs and
four on the back limbs. This feature clearly indicated
that the discovered skeletons belonged to the genus
Testudo, presumably to the species Testudo graeca
Linnaeus, 1758 (Fig. 3).

Fig. 1. Location of tortoise bone fragments in bitumen layers in a section of the formation at a depth of 2.5 m (Binagady, 2020)
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Fig. 3. Fragments of the front five-fingered and back four-fingered limbs of the tortoise Testudo graeca
extracted from a depth of up to 1.5 m in the summer cottages of the Absheron Peninsula (paws with claws)

Due to the complex and confusing taxonomy of
this group, we did not carry out subspecific identifi-
cation of tortoise bones. Usually, it is carried out
based on a set of key morphological features (Vasi-
Iyev et al., 2014). However, different geographic
populations of Testudo graeca are characterised by
morphological heterogeneity in a number of diag-
nostic features, which complicates the unambiguous
recognition of subspecies. Therefore, mitochondrial
genome markers were used by different researchers
for the taxonomy of this group. Different authors
distinguish from 4 to 20 subspecies within this taxon
(Ananyeva et al., 1998; Fritz et al., 1996; Pieh,
Perila, 2002). Currently, it is customary to consider
all populations of this species as a difficult polytypic
T. graeca complex, consisting of 11 morphological
species and six subspecies (Fritz et al., 2007).

Taxonomic position of tortoises of the genus Tes-
tudo in the Caucasus. Until the mid-1980s, it was be-
lieved that only one subspecies of the spur-thighed tor-

toise T. graeca ibera Pallas, 1814 inhabits the Cauca-
sus (Bannikov et al., 1977). It was later discovered that
it is polymorphic and, based on the morphological dif-
ferences of individual populations, three new subspe-
cies with isolated ranges were described: T. g. nikolskii
Chkhikvadze et Tuniev, 1986 (the western Caucasus);
T. g. armeniaca Chkhikvadze, 1991 (Armenia: Araks
River valley to the Zangezur Gate) and T. g. pallasi
Chkhikvadze et Bakradze, 2002 (foothills of Dagestan)
(Parham et al., 2006). Later, based on the variability of
the mtDNA cytb gene and ISSR markers, it was con-
cluded that the taxon T. g. pallasi Chkhikvadze et Bak-
radze, 2002 is a junior synonym of the subspecies T. g.
armeniaca Chkhikvadze, 1991. It is believed that the
habitat of this subspecies covers the central part of the
western coast of the Caspian Sea, the eastern and cen-
tral parts of the Caucasus region, including the Araks
River valley in Armenia and Turkey (Fritz et al., 2007).
It has been shown that allopatric populations of tortois-
es belonging to the subspecies T. g. armeniaca live on
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the territory of Dagestan (Russia), Azerbaijan, Arme-
nia and part of Turkey, and T. g. ibera, living in
Transcaucasia, represent two separate evolutionary
lineages. One of them unites tortoises T. g. ibera
from Georgia and the Mediterranean (ibera sensu
lato), as well as the West Caucasian tortoises T. g.
nikolskii, and the other — the tortoises T. g. ibera
from Azerbaijan, T. g. armeniaca and T. g. pallasi.
According to paleontological data, T. g. nikolskii and
T. g. pallasi descended from a single ancestor and
could have diverged in the late Pliocene or early
Pleistocene (Chkhikvadze, Tuniev, 1986).

Reliable remains of Pliocene land tortoises be-
longing to the Testudo graeca complex are known
from a number of locations in the North Caucasus.
Fossil remains of T. g. ibera tortoises are known in
Western Georgia from the Paleolithic and Neolithic,
i.e. this tortoise was widespread in Western Transcau-
casia much later, at the end of the Holocene (Chkhik-
vadze, 2010). A special place among the Testudo
graeca species complex is occupied by T. g. zarudnyi
tortoises, which are found in a few refugia of the an-
cient Mediterranean on the lIranian Plateau. They
probably survived there since the end of the Miocene
or the beginning of the Pliocene, i.e. they are the most
ancient forms of land tortoises in the region and be-
long to the relics of the Eastern Mediterranean
(Pereshkolnik, Leontyeva, 2014). In addition, another
extinct subspecies Testudo graeca binagadensis
Khozatsky, 1978 existed in the Pleistocene of Ap-
sheron (Alekperov, Khozatsky, 1977). The form T. g.
binagadensis, described by L.l.Khozatsky as a special
subspecies of the Mediterranean tortoise, differs from
the typical modern one in a number of details of the
structure of the shell and postcranial skeleton. The
most important feature of the Binagadi subspecies is
the relatively greater thickness of all bones, which is
revealed both while comparing the same parts of the
shell of this form with the modern one, and the pro-
portions of the bones of their postcranial skeleton.
This is especially noticeable on such bones as the
humerus, femur and other tubular bones of the appen-
dicular skeleton. The structural features of the Bina-
gadi land tortoise allow, according to L.I.Khozatsky,
to suggest that "it, hiding in shallow burrows, inhabit-
ed more or less open biotopes and adhered to shrub
and sparse woody vegetation." It should be noted that
the descendants of the Binagadi tortoises in eastern
Transcaucasia now live in an environment somewhat
similar to that which existed during the late Pleisto-
cene (Alekperov, 1978).

Taxonomy of tortoises based on the bones of
the postcranial skeleton. The taxonomic position of
the tortoises which remains were found in the Bina-
gadi bitumen deposit is presented below:

Class: Reptilia
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Order: Testudines

Suborder: Cryptodira

Superfamily: Testudinoidea

Family: Testudinidae Gray, 1825

Genus: Testudo Linnaeus, 1758

Testudo graeca Linnaeus, 1758

Testudo graeca ssp. indet.

The tortoises which remains of incomplete skel-
etons and separate bones were found in the Binagadi
bitumen deposit should presumably be considered
subspecies of Testudo graeca: Testudo graeca ibera
Pallas, 1814 (lives to this day) or the extinct Testudo
graeca binagadensis Khozatsky, 1978 (which lived
in the Middle and Upper Pleistocene of the Ab-
sheron Peninsula) (Alekperov, Khozatsky, 1977)
until their molecular (DNA) studies are conducted.

Material: incomplete postcranial skeletons of
two specimens of land tortoise, including carapace
and plastron bones, two or three posterior cervical
vertebrae, forelimb bones (two humeri), hindlimb
bones, and anterior caudal vertebrae. It was decided
to temporarily retain the third specimen from the bi-
tumen layers of the horizon at the excavation site until
further stratigraphic studies could be conducted.

The shells (carapaces and plastrons) were re-
constructed using the available fragments was car-
ried out using the typological extrapolation method
(Material and Methods) (Fig. 4).

Comparative study of osteological material of
tortoises. At the first stage of the work on the study of
faunal remains of the Binagadi Pleistocene bitumen
deposits, as a result of excavations, bitumen material
was removed from a new bone-bearing horizon located
at a depth of 1.5-2.5 m, which was a dense accumula-
tion of plant fragments and bones of various animals
enclosed in bitumen. According to the stratigraphic
scale, the removed material corresponded to the Upper
Pleistocene. A detailed study of the material revealed
fragments of the skeleton, specimens of the humerus,
radius, femur, tibia and other tubular and flat bones
belonging to various animals: birds, small mammals,
as well as fragments of the shell and long tubular and
flat bones of tortoises. In addition to a visual study of
the shape of the shell bones and tubular bones of tor-
toises, a reconstruction of the shells was carried out
(Material and Methods), and the main morphometric
parameters were measured: 1) maximum bone length;
2) width of the proximal epiphysis; 3) thickness of the
articular head; 4) minimum width of the diaphysis;
5) maximum width of the diaphysis; 6) width of the
distal epiphysis; 7) anteroposterior diameter of the
proximal articular complex; 8) anteroposterior size of
the distal articular complex.

At the second stage of the work, a comparative
study of the osteological material of tortoises obtained
during the digging of wells in the old summer cot-
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tages of the Absheron Peninsula was carried out. The
material of the comparative study of fossil and mod-
ern osteological materials were all the bones of land
tortoises of the Binagadi Pleistocene bituminous de-
posits discovered by us at the first stage of excava-

a

tions, their reconstructed shells (Fig. 4); bones of the
internal skeleton, as well as whole shells of modern
land tortoises found during the second stage of exca-
vations in the Holocene layer on the Absheron Penin-
sula (Shuvalan, Dubendy, Govsan, Turkan) (Fig. 5).

Fig. 4. Schematic figures of reconstructed tortoise shells found in bitumen deposits: a — gen-
eral view of the nominal bony-horny carapace (dorsal surface); b — bony carapace (dorsal sur-
face); ¢ — bony carapace (ventral surface); d — bony plastron (ventral surface). The present
skeletal fragments are highlighted in dark gray in the drawings

XY ((
‘(<¥ 3 ,,/\

Fig. 5. Fragments of the internal skeleton and whole shells of tortoises extracted from the
Holocene layer of Absheron on old summer cottages (up to 1.5 m)
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The compared osteological material was repre-
sented by the humerus, radius, femur, tibia long tub-
ular bones and flat bones of the carapace and plas-
tron (Tables 3-8). The fossil bones were visually and
morphologically almost indistinguishable from the
bones of modern representatives of the species, ex-
cept that the metric indicators of the fossil tortoises
for separate bones differed slightly from the bone
sizes of modern individuals (Tables 4, 6, 8). The
compared osteological material was extracted from a
depth of upto 1.5 m.

The humerus, radius, femur, tibia, as well as the
bones of the carapace and plastron (98 in total) were
examined. The following morphometric parameters
were used:

1) long bones: maximum bone length; width of
the proximal epiphysis; thickness of the articular
head; minimum width of the diaphysis; maximum
width of the diaphysis; width of the distal epiphysis;
anteroposterior diameter of the proximal joint com-
plex; anteroposterior size of the distal joint complex;

2) carapace: bone plates of the vertebral row, in-
cluding the supracaudal and caudal parts (measure-
ments — length along the midline and greatest width);
all costal plates (measurements — proximal width,
distal width, maximum length); all marginal plates
(measured in the same way as the costal plates);

3) plastron: length and greatest width of all
plates along the midline.

In addition, the general dimensions of whole
and reconstructed shells were used: length of the
carapace (L. car.), greatest width of the carapace (Lt.
car.), height of the shell (Al. t), length of the plastron
(L. pl.) and its greatest width (S. pl.) (Table 1).

The age of fossil tortoises from the late Pleisto-
cene and Holocene layers was estimated using two
methods: an empirically developed formula
(L.car(mm)/12) (Novruzov, 2016) and thin sections
from the middle of the diaphysis of long tubular bones
(Table 2). The number of annual layers found in the
thin sections was supplemented by 2-3 layers that un-
derwent resorption during the growth of the animal.

Table 1
Metric parameters of reconstructed late Pleistocene (No. 1, 2) and
whole Holocene (No. 3-7) bony shells of tortoises of the genus Testudo (mm)
Character/Indice Ne 1 Ne 2 Ne 3 Ne 4 Ne 5 Ne 6 Ne 7
L. car. 123.5 108.0 93.0 96.4 86.4 71.6 73.7
Lt. car. 102.9 85.6 77.3 75.8 73.2 62.7 59.2
Alt 63.3 59.0 47.5 49.6 47.9 39.9 40.3
L. pl. 110.5 93.7 78.1 85.8 76.4 66.6 63.6
S. pl. 90.5 815 69.8 70.5 66.3 57.5 57.0
L. car. / Lt. car. 1.20 1.26 1.20 1.27 1.18 1.14 1.24
L. car./Alt 1.95 1.83 1.95 1.94 1.80 1.79 1.82
Lt. car. /ALt 1.62 1.45 1.62 1.52 1.52 1.57 1.46
Table 2
Data on the age of tortoises obtained empirically (by formula) and from bone sections
Age (years)
Ne L. car.(mm)
By formula By thin sections Average
1 1235 10.29 6(+3) 9.6
2 108.0 9.00 5(+3) 8.5
3 93.0 7.75 4(+3) 7.3
4 96.4 8.03 4(+3) 75
5 86.4 7.20 4(+2) 6.6
6 716 5.96 3(+2) 5.4
7 73.7 6.14 3(+2) 5.5
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The correlation analysis of morphometric pa-
rameters of bone elements of the carapace and plas-
tron and the overall dimensions of the reconstructed
shell of land tortoises of the genus Testudo found
during excavations at the Absheron summer cottages
and in the Binagadi bitumens was carried out. Com-
parison of the correlation coefficients showed that
the area of the greatest correlation of bone elements
of the shell falls on the middle (dome-shaped) part,

where the vertebral (I-1V) and costal (I-V) plates
come into contact. At the junction of the first spine
and the first marginal plate to the cervical plate, the
area of the carapace is characterised by a reliable
correlation. Some parameters of the plates are also
significantly related: supracaudal, caudal and the last
marginal. The largest correlation zone between the
studied parameters in the plastron falls on the area of
the epiplastral and endoplastral plates.

Table 3
Morphometric indices of long tubular bones of fossil tortoises (No. 1, 2)

No Material Dimensions, mm
1 2 4 5 6 7 8
Humerus 32.4 13.1 5.1 4.1 7.8 8.6 11.6 8.5
1 Radius 20.4 6.6 5.1 4.2 34 5.1 7.2 6.8
Femur 28.3 9.7 5.8 3.2 5.5 7.9 9.6 7.2
Tibia 21.1 6.8 5.0 4.3 6.7 4.9 7.1 4.6
Humerus 28.5 11.3 6.6 3.9 6.1 8.9 10.9 8.1
) Radius 22.2 7.9 5.1 2.3 4.3 5.8 7.9 5.8
Femur 23.2 6.7 5.0 2.6 3.6 6.9 8.3 6.1
Tibia 18.0 5.3 4.1 2.0 3.5 3.7 5.1 3.4

Table 4
Morphometric indices of long tubular bones of the modern tortoise
Dimensions, mm
Material
1 2 3 4 5 6 7 8

Humerus 29.1 12.0 4.6 2.3 5.3 6.1 9.0 7.1
Radius 20.8 4.1 2.2 1.4 2.4 2.1 4.0 2.2
Femur 26.1 14.6 4.1 0.23 1.09 7.1 9.5 3.6
Tibia 20.8 5.0 3.8 1.7 3.1 34 4.1 3.3

Note (for tables 3, 4): 1 — maximum bone length; 2 — width of proximal epiphysis; 3 — thickness of articular head; 4 —
minimum width of diaphysis; 5 — maximum width of diaphysis; 6 — width of distal epiphysis; 7 — anteroposterior diame-
ter of proximal articular complex; 8 — anteroposterior size of distal articular complex.

Table 5
Morphometric indices of carapace bones of fossil tortoises (No. 1, 2)
) Dimensions, mm
Ne Material
1 2 3 4
Marginale 15.7 18.2 21.0 225
Neurale 18.7 13.3 19.4 191
1 Costale 41.2 20.3 44.4 44.2
Nuchale 31.1 24.3 21.7 27.3
Pygale 19.4 15.3 21.7 223
Marginale 18.8 16.3 22.9 21.6
Neurale 12.1 20.0 19.1 19.6
2 Costale 45.1 441 46.9 47.1
Nuchale 24.8 30.1 27.1 27.3
Pygale 15.1 18.9 21.6 22.1
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Table 6
Morphometric indices of carapace bones of modern tortoise
Material Dimensions, mm
1 2 3 4
Marginale 15.1 12.6 154 17.7
Neurale 18.7 10.8 18.2 18.6
Costale 33.2 134 34.2 36.1
Nuchale 22.0 22.4 20.1 20.2
Pygale 20.6 135 22.7 23.1
Table 7
Morphometric indices of plastron bones of fossil tortoises (No. 1, 2)
. Dimensions, mm
Ne Material > 3 1
Epiplastron 20.8 20.5 18.2 19.7
Entoplastron 23.4 23.0 22.2 23.1
1 Hyoplastron 36.5 45.6 50.1 47.2
Hypoplastron 315 44.4 52.3 52.8
Xiphiplastron 33.6 29.8 39.6 36.1
Epiplastron 21.0 20.1 15.6 20.2
Entoplastron 23.1 23.3 22.7 23.0
2 Hyoplastron 50.9 36.5 49.6 46.6
Hypoplastron 45.1 30.8 51.7 52.8
Xiphiplastron 29.3 34.1 39.4 36.4
Table 8
Morphometric indices of the plastron bones of the modern tortoise
Material Dimensions, mm
1 2 3 4
Epiplastron 19.8 21.0 15.1 23.2
Entoplastron 22.2 23.1 23.1 21.7
Hyoplastron 36.1 45.2 49.8 46.1
Hypoplastron 31.9 44.6 51.8 46.2
Xiphiplastron 33.9 29.7 39.1 36.6

Note (for tables 5-8): 1 — transverse length of bone; 2 — transverse width of bone; 3 — transverse diagonal of bone to the

left; 4 — transverse diagonal of bone to the right

Correlation and regression analysis of the meas-
urements of the tortoise bones (Tables 9-11) showed a
strong positive correlation between the long tubular
bones (r = 0.925-0.998) with the bones of the carapace
(r = 0.612-0.996) and the bones of the plastron
(r = 0.606-0.998). The exceptions were the nu-
chale (r =-0.097) and (r = 0.203) on the carapace
and the entoplastron (r = - 0.062) and hyoplastron
(r =-0.245) on the plastron (Tables 10-11).

Microstructure of long tubular bones of tor-
toises in transverse sections. Thin-sectioned bone
crossections (0.03 mm) suitable for examination un-
der a microscope in transmitted light were made af-
ter taking the main measurements from the middle
of the diaphysis of the long tubular bones. In total,
three series of thin sections were made: thin sections
from one bone from several sections of the diaphysis
and the proximal and distal epiphyses of tortoises;
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thin sections from the middle of the diaphysis of dif-
ferent bones.

A study of the microstructure of the long tubular
bones of tortoises found in the Binagadi bituminous
deposits showed that the periosteum is significantly
damaged or virtually absent in most bones (Fig. 6).
The bones have a clearly defined growth cycle,
demonstrating all stages of postembryonic ontogene-
sis. The narrow dark layers visible in the sections
can be considered as winter layers (the period of
growth cessation), and the wide transparent layers as
spring-summer, i.e., a continuous growth cycle.
Closer to the opening of the medullary canal, the
process of resorption of bone tissue previously re-
placed by endosteum occurs, which leads to com-
plete or partial disappearance of the first layers. The
layers are better expressed in the diaphyseal part of
the long tubular bones.
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Table 9
Results of correlation and regression analysis of morphometric parameters
of long tubular bones of fossils (No. 1, 2) and modern tortoises
Ne Material r t p m
Humerus 0.996 28.05 0.0001 10.3%
1 Radius 0.983 13.27 0.0001 28.7%
Femur 0.942 6.85 0.001 127.0%
Tibia 0.989 16.05 0.0001 22.1%
Humerus 0.993 20.60 0.0005 10.6%
’ Radius 0.984 13.31 0.0004 40.6%
Femur 0.925 5.96 0.001 135.1%
Tibia 0.998 35.87 0.00001 8.7%

Note: r — Pearson correlation coefficient; t — Student’s t-test; p — significance of difference; m — average approximation
error (%)

Table 10
Results of correlation and regression analysis of morphometric parameters
of carapace bones of fossil (No. 1, 2) and modern tortoises

Ne Material r t p m
Marginale 0.612 1.09 0.471 9.0%
Neurale 0.988 9.22 0.0687 2.2%

1 Costale 0.996 15.17 0.0403 2.1%
Nuchale -0.097 0.138 0.9126 4.9%
Pygale 0.988 8.94 0.0708 2.6%
Marginale 0.776 1.74 0.3318 6.6%
Neurale -0.439 0.691 0.6149 18.5%

2 Costale 0.836 2.15 0.2766 18.4%
Nuchale 0.203 0.294 0.8181 4.8%
Pygale 0.350 0.528 0.6908 18.6%

Table 11
Results of correlation and regression analysis of morphometric parameters
of plastron bones of fossil (No. 1, 2) and modern tortoises

Ne Material r t p m
Epiplastron 0.672 1.28 0.42145 9.1%
Entoplastron -0.630 1.14 0.45650 1.6%

1 Hyoplastron 0.998 22.54 0.02821 0.6%
Hypoplastron 0.947 4.18 0.14924 4.6%
Xiphiplastron 0.994 13.33 0.04763 1.0%
Epiplastron 0.851 2.29 0.26149 5.9%
Entoplastron -0.062 0.08 0.94387 2.5%

2 Hyoplastron -0.245 0.35 0.78173 9.8%
Hypoplastron 0.234 0.34 0.79070 15.2%
Xiphiplastron 0.606 1.07 0.47597 7.3%

3
Fig. 6. Microstructure of long tubular bones of tortoises from Binagadi bitumens: 1 — femur; 2 — tibia; 3, 4 — humerus (x64)
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Microstructural elements were also noted in the
thin sections of long tubular bones: vascular and Ha-
versian canals, osteons, lacunae, insertions of coarse
fibrous bone tissue in the middle and endosteal zones.
The thin sections of the bones of the skeletons of
identified tortoises (Pleistocene horizon) were com-
pared with the thin sections made from the bones of
identified tortoises (Holocene horizon) by the number
of microstructural elements. To count the microstruc-
tural elements (lacunae, osteons, Haversian and vas-
cular canals), we used the method of Golubovich
(1991) with some modification. In the space of the
bone thin section, using the eyepiece of a microscope
with an inserted lens with a grid (grid square = 10,000
sg. um) at 64x magnification, the microstructural el-
ements were counted (Table 12).

Correlation and regression analysis of the num-
ber of microstructural elements in the bone sections
of the compared tortoises showed a strong positive
correlation only for the metatarsus (r = 0.987), a
moderate negative correlation for the fibula (r
—0.562), and a weak correlation for the radius and
femur (r = 0.200 and 0.261, respectively). The num-
ber of adhesion lines in the sections made from one
bone and from all the studied long tubular bones
taken from one skeletal sample was the same. A
study of a series of sections made from the middle of
the diaphysis of the long tubular bones of turtles
showed that the process of endosteal bone tissue re-
sorption, which caused the complete or partial dis-
appearance of the first two or three layers in the
growth zone, makes it difficult to determine the ex-
act stage of reptile ontogenesis. Comparative study
of the microstructure of long tubular bones of tor-
toises discovered during the second stage of excava-
tions in the Binagadi bituminous deposits and tor-
toises found in the Holocene layer showed: 1) all
bones have a clearly expressed growth cycle; 2) nar-

row dark layers visible in thin sections should be
considered winter layers (growth cessation period);
3) wide light (transparent) layers should be consid-
ered spring-summer continuous growth cycle; 4) the
number of gluing lines in thin sections of all studied
long tubular bones taken from one sample is the
same; 5) a clear pattern of resorption of endosteal
bone tissue and complete or partial destruction of the
first two or three layers of the growth zone is ob-
served. The process of resorption of bone tissue pre-
viously replaced by endosteum leading to complete
or partial disappearance of the first layers in both
cases makes it difficult to determine the exact stage
of ontogenesis of these reptiles. Consequently, in
each specific case of determining the duration of
ontogenesis, 2-3 layers that underwent resorption
during the growth of the animal should be added to
the number of annual layers found in the sections.

Conclusion

The study of bitumen material extracted from the
Binagadi burial site of the Quaternary fauna and flora
allowed identifing two incomplete skeletons and sep-
arate bones of land tortoises of the genus Testudo.
The study of the bone skeleton of tortoises found in
the Binagadi burial site in the Late Pleistocene layer
(Late Dryas) in comparison with the bones of tortois-
es found on Absheron in the Holocene layer (Middle
Subatlantic period) leads to the assumption that the
climate at the end of the Pleistocene was cooler and
more humid than in the Holocene. This is indicated
by some changes in the morphology of the bony shell
of the Mediterranean tortoise: a decrease in the indi-
ces of the ratio of the length of the shell to its width
and height (L.car/L.t.car.; L.car/Al.t); the width of
the shell to its height (L.t.car/Alt.); changes in the
size proportions of some bone plates of the carapace
and plastron.

Table 12
Number of microstructural elements in thin sections of different bones
of identified and already identified tortoises (per 10,000 sq. pm)
Name of the bone
[%2)
2 2
- — w —_ 3]
Microstructural = < E 2 < R s
element =] = B 5 a 8 @
T D o it (i [ =
Il Il [ Il [ Il [ Il I [ Il
Osteon - - = |-+ + + + + |+ | - | - ++ ++
Haversian Canal + + + + + | ++ + ++ + ++ +++
Vascular canal - |+ |+ | + + + + + + + | - + +
Lacuna + + | =] + + + + + + - | - + +
Note: | — material being identified; Il — already identified material. Number of microstructural elements: (+++) — 20-30;

(++) — 10-20; (+) — less than 10; (—) — absent
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All these changes, confirmed by correlation-
regression analysis, presumably reflect some intensi-
fication of adaptation processes associated with sig-
nificant climate changes in Azerbaijan in general
and in its eastern part in particular during the speci-
fied geological period. They are expressed in a
greater need of the species for protective and ther-
moregulatory-compensatory  burrowing in  the
ground during periods of night pause, winter hiber-

ful survival in the resulting arid climatic conditions.
In the microstructure of tortoise bones removed from
bituminous layers, resorption processes are more
pronounced and affect 3-4 adhesion lines and the
endosteum region, whereas in the comparative mate-
rial of Holocene tortoises, resorption affects 1-2, less
often 3 adhesion lines, without affecting the endos-
teum. The ontogenetic age of the fossil remains of
tortoises was determined to be within 10-12 years.

nation and summer aestivation, ensuring its success-
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K U3YYEHUIO HCKOITAEMBbBIX KOCTHBIX OCTAHKOB YHEPEITAX (TESTUDINE§, TESTUDINIDAE)
N3 BUHATAJJMHCKOI'O BUTYMHOI'O MECTOPOXIAEHUS (ASEPBAUJIKAH)

Hogpysos H.D.*, DiidaTos T.M.2, TanTeiropa K.A.!
*Munucmepcmeo nayxu u obpazosanus Pecnybiuxu Aszepbaiioscan, Mucmumym 3o00n02uu, Azepbaiioscarn
AZ1073, Baky, npoe3o 1128, keapman 504
2Munucmepcmso nayku u obpasosanus Pecnybnuxu Azepbaiiocan, Ecmecmeennoucmopuyeckuii myseti, Azepbaiiodcan
AZ1006, baxky, ya. Jlepmonmosa, 3(17)
*Aemop, omseuarowuil 3a nepenucky: niznovzoo@mail.ru

Pe3ztome. OGBEKTHI HCCIIEAOBAHUS — HCKOMIAEMbIE KOCTHBIE OCTAHKU Yepernax, U3BJIeUCHHBIE M3 TPYHTA B MPOIECCE PACKOMOK B
BuHaraqnHCKOM OMTYMHOM MECTOPOXKACHUHU M CTapbIX JauHBIX ydacTkax AOmepona. MaTtepuan coOpaH u 00paboTaH 3a Mepruos
¢ 2020 mo 2023 rr. B mpolecce 3KCIECTUIIMOHHBIX U JabopaTOpHbIX HccienoBaHuii. COOpaHHBIM OCTEOJOTHUCCKUN MaTepHas
xpaHuTcs B EcTecTBeHHOMCTOpHYECKOM My3ee ropoaa baky u B mabopatopuu maneo3ooforud MHcTUTyTa 30050THH A3epoaii-
JkaHa. M3yueHrne mMaTtepuala Mmo3BOJIMIO BBISBUTH OOJIBIIOE KOJMUYECTBO KOCTHBIX ()parMEeHTOB. YCTaHOBICHA POJOBAas U BHIO-
Bas [IPUHAUICKHOCTh 0OHAPYKEHHBIX KOCTHBIX ()parMeHTOB uepenax. M3ydeHne KOCTHBIX OCTAHKOB CKEJIETOB Uepenax HaiaeH-
HBIX B BUHAraginHCKOM OHTYMHOM MECTOPOXKICHHH B MO3THEIUIEHCTONEHOBOM cioe (TI03AHU JApruac) U CpaBHEHHE €ro C KOCTsI-
MU Yepernax Haii[eHHbIX Ha AOIIepoHe B TOJIONEHOBOM ClIoe (CpeaHuil CyOaTIaHTHIECKHU TePUO/) TO3BOIHMIO CAETATh HPEAIo-
JIOXEHHUE, YTO KJIMMAT B KOHIIE TUIeHCTOIeHa ObUT G0Jiee MPOXIaaHBIM M BIAXKHBIM, YeM B ToioneHe. Ha 3T0 yka3piBanu HEKOTO-
PbI€ UBMECHECHUA B MOp(I)OIlOFl/II/I KOCTHOT'O MaHIUpsA 4Yeperax: yMeHbLLIeHl/Ie HUHACKCOB COOTHOWICHHUA MJIMHBI MaHIUPA K €ro mu-
PUHE U BBICOTE, @ TAKKEC IIHUPUHBI MaHIUPSA K €r0 BbBICOTEC; U3MCHCHUA Pa3MECPHBIX l'lpOl'lOpL[PIﬁ HEKOTOPBIX KOCTHBIX IJIACTUHOK
Kapamakca M IacTpoHa. Bee 3T u3MeHeHUs1, NPeANoI0KUTEIBHO, OTPAXKAIOT HEKOTOPOE YCUJICHNE alallTAl[HOHHBIX TPOLIECCOB,
CBSI3aHHBIX CO 3HAYUTCJIBbHBIMU U3MCHCHUIMU KIIMMATa B A3ep6a17111>1<aﬂe BOOGLLIC M B €r0 BOCTOYHOM YaCTH B YaCTHOCTH 3a yKa—
3aHHBIA reonornueckuii nepuox (6onee 0.012 murH. et Hazan). COBOKYIMHOCTh WACHTH(PUIIMPOBAHHBIX OCTAaHKOB OMHATaIMHCKO-
ro taoreHo3a BeChMa BaXKHA JUISI PEKOHCTPYKIUHU (hayHBI 4ETBEPTUUHOTO mepuoa EBpasun u uctopuu GOpMUPOBAHUS COBPE-
MeHHOU (ayHbl AOmepona. OOHapyKEHHBIE MUKPO- U MaKpOCTPYKTYypHBbIE MapKepbl bUHAraIHHCKOTO OCTEOJIOTHIECKOTO MaTe-
pHaga MOTYT HMETh IPUOPUTETHYIO 3HAYUMOCTD ISl YCTAHOBJIEHHSI TAKCOHOMHYECKOTO CTaTyca Oy IyIIMX HCKOMAEMbIX HaXOIO0K.
[IMKIMYHOCTh pOCTa KOCTHOM TKaHW B MHKPOCTPYKTYpe [UIMHHBIX TPyOUaThIX KOCTEH depernax MO3AHEIICHCTOLEHOBOTO CIIOs
IMO3BOJACT KOPPEKTUPOBATH JAHHBIC O KIIMMAaTHYCCKUX yCJ'lOBI/IﬂX YETBEPTUYHOTI'O II€pHOaA.

Knrouesvie cnosa: 6umymnoe mecmoposicoenue, uckonaemvle OCMAanKu, 4epenaxu, Mopgoocus, KOCmu, MUKPOCMPYKMypa
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AZORBAYCANIN BiNOQODI QIR YATAGINDA TAPILAN TISBAGALARIN (TESTUDINES, TESTUDINIDAE)
FOSIL SUMUK QALIQLARININ OYRONILMOSINO DAYIR

Novruzov N.9.!*, Eybatov T.M.2, Taptiqova K.A.!
L4zarbaycan Respublikasimn Elm va Tohsil Nazirlivi, Zoologiya Institutu, Azarbaycan
AZ1073, Baki sah., 1128, mahallo 504
2Azorbaycan Respublikasinin Elm va Tohsil Nazirliyi, Azarbaycan Tobiat Tarixi Muzeyi, Azarbaycan
E-AZ1006, Baki sah. , Lermontov kiig., 3(17)
*Yazismalara cavabdeh olan miisllif: niznovzoo@mail.ru

Xiilasa. Todgigat obyektlori Binogadi qir yataginda vo Abseron baqglarinda su quyularinin qazinti zamani torpaqdan ¢ixarilan
tisbagalarin siimiik qaliglaridir. Material 2020-2023-cii illordo toplanmigdir. Toplanmis osteoloji material Baki gohorinin Tobist
Tarixi Muzeyindo vo Azorbaycan Zoologiya Institutunun paleozoologiya laboratoriyasinda saxlanihir. Todgigat naticasinde coxlu
sayda stimiik fragmentlori askar edilmigdir. Tisbagalarin agkar edilmis siimiik parcalarinin cinsi vo ndv monsubiyysti miioyyan
edilmigdir. Binagodi bitum yataginda gec Pleistosen qatinda (gec drias) tapilan tisbagalarmn skeletlorinin siimiik qaliglarinin dyranil-
mosi Vo Abseronda Holosen gatinda (orta subatlantik dovr) tapilan tisbagalarin siimiiklori ilo miigayiss edilmasi pleistosenin sonun-
daki iglimin holosens nishaton daha sarin va riitubstli oldugunu irsli siirdii. Bunu tisbagalarin siimiik qabiginin morfologiyasindaki
bazi dayisikliklar géstordi: gabigin uzunlugunun enins Vo hiindiirlityiine, homg¢inin gabigin genisliyinin hiindiirliiyiina nisbatinin
indekslorinds azalma; bozi karapaks va plastron siimiik 16vhalarinin 6l¢ii nisbatlorinds doyisikliklor. Biitiin bu doyisikliklor, ehtimal
ki, imumilikdo Azarbaycanda vo onun sorq hissasindo, xiisuson do gostarilon geoloji dévrda (0.012 milyon ildon ovval) iglimdoki
ohomiyyatli doyisikliklorlo slagsli uygunlagsma proseslorinin bir godor giiclonmasini oks etdirir. Tisbaga skeletlori hagqqinda oldo
edilon morfoloji molumatlar Testudo cinsinin miirokkab politipik kompleksinin forglondirilmasinds miigayisali morfoloji tadgigat-
larda, filogenetik vo taksonomik név farglorinds istifads edils bilor. Binogadi tafosenozunun miisyyan edilmis galiglarinin macmusu
Avrasiyanin dordiincii dovriiniin faunasinin yenidon qurulmasi va Abseronun miiasir faunasimin yaranma tarixi ii¢iin ¢ox vacibdir.
Binagadi osteoloji materialinin agkar edilmis mikro vo makrostruktur markerlori golacok fosil tapmtilarinin taksonomik statusunun
yaradilmasi tiglin prioritet ola bilar. Gec Pleistosen tobagesinin tisbagalarinin uzun borulu siimiiklorinin mikrostrukturunda stimiik
toxumasinin dovri boyiimasi dordiinciti dovriin iqlim soraiti hagqinda mslumatlari tonzimlamaya imkan verir.

Acar sozlar: bitum yatag, fosil qaliglar, tisbagalar, morfologiya, stimiiklor, mikrostrukturu
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