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5.1 INTRODUCTION

The fossiliferous site of Tsiotra Vryssi (TSR; Myg-
donia Basin, Greece) is dated to the Lower Pleis-
tocene, between 1.78 and 1.5 Ma, and has yielded
a rich late Villafranchian vertebrate fauna, includ-
ing diverse medium- to very large-sized herbivores
(equids, bovids, cervids, giraffids, rhinocerotids,
elephantids) and several large carnivorans (hyae-
nids, canids, ursids, felids) (Konidaris et al., 2015,
2021). Previous spatial taphonomic research has
investigated the distribution of the TSR fossils and
suggested multiple dispersion events and recurrent
spatial rearrangement of a lag, (peri)autochthonous
assemblage within a fluvial system (Giusti et al.,
2019). Herein, we present preliminary results of
our ongoing taphonomic study on carnivore modi-
fications, and we focus on equid postcranial bones,

which comprise the bulk of the TSR vertebrate
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assemblage. For the analysis, we perform a set of
standard taphonomic analyses, following the “phys-
ical attribute approach” of Dominguez-Rodrigo et
al. (2007, 2015a), in which the alterations in the
physical attributes of skeletal elements constitute
the major component for the interpretation of the
taphonomic history of the assemblage. Therefore,
besides the skeletal part representation, we focus
here on bone surface modifications and bone dam-
age patterns aiming to reveal the main biotic agent
responsible for the modification of bones.

5.2 MATERIALS AND METHODS

The studied material comprises all postcranial el-
ements from TSR attributed to the genus Equus,
which were collected during the excavation seasons
0f2014-2019. All specimens are stored at the Mu-
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seum of Geology, Palacontology and Palacoanthro-
pology of the Aristotle University of Thessaloniki
(LGPUT).

Equus is represented at TSR by two species,
one of medium and one of large size (Konidar-
is et al., 2015; Gkeme et al., this volume). Body
mass estimations were conducted separately for
the medium- and the large-sized species, follow-
ing the methodology of Eisenmann and Sondaar
(1998). For this, we considered only metapodials
belonging to articulated limbs that could be confi-
dently classified either as subadult juvenile or adult
individuals. This classification was based on the
sequence of epiphyseal fusion in modern horses,
and in particular, the fusion of the distal epiphy-
sis in the radius (for metacarpals), and the distal
epiphysis in the tibia (for metatarsals), which fuse
towards the end of the epiphyseal bone fusing se-
quence (Budras et al., 2011) and are abundant in
the articulated elements of the assemblage.

Skeletal part representation was examined
by calculating the number of identified speci-
mens (NISP), the minimum number of elements
(MNE), and the minimum animal units (MAU).
MNE calculations take into consideration ana-
tomical overlap of fragments, size, and ontogenetic
age. The minimum number of individuals (MNI)
was calculated as well.

The nature of fractures was studied following
the methodology of Villa and Mahieu (1991),
where fracture angle, outline, and edge are consid-
ered. Fresh fractures are generally characterized by
oblique angles, curved outlines, and smooth edges,
whereas dry fractures generally have right angles,
transverse outlines, and jagged edges.

Bone damage patterns are quantified using
the classification of long limb bones into “tapho-
types’ (Dominguez-Rodrigo et al., 2015b: Fig.
1). Each long limb bone is classified into one of
the 16 taphotypes (0-15), depending on its pre-
served portion. Additionally, regression analysis
was used to study the correlation of epiphyses

abundance with marrow cavity volume and bone
density (as in Palmqvist and Arribas, 2001). The
data for marrow cavity volume and bone density
concerns modern horses and is taken from Outram
and Rowley-Conwy (1998) and Lam et al. (1999),
respectively.

Carnivore tooth marks were classified into
pits, punctures, scores, and furrows, following the
criteria set by Pobiner (2007); recorded carnivore
damage also includes notches and furrowing (de-
letion of cancellous bone). Identified tooth marks
were measured with a digital caliper to the near-
est 1/100 of a millimeter, directly onto the bone
surface, under strong light and magnification. The
measurements taken are length (maximum dimen-
sion) and breadth (maximum dimension transver-

sal to length).

5.3 RESULTS

The mean body mass is calculated at 257 kg for
the medium-sized, and 343 kg for the large-sized
Equus species. They both fall within the size group
4 (150-350 kg) of Palombo (2010), and therefore
their skeletal elements are treated here collectively
regardless of species attribution. NISE, MNE, and
MAU values are given in Table 1. NISP values re-
veal a greater abundance of limb bones over other
elements, while MNE and MAU values show a
clear over-representation of tibiae and metapodi-
als, and an under-representation of axial elements
and femora. The minimum number of individuals
(MNI) is 15.

Fracture variables suggest that most studied
fractures occurred when the bones were still in a
fresh state. Specifically, curved outlines appear in
67.9% of fractures, smooth edges in 69.8%, and
oblique angles in 45.3%. Intermediate outlines
and mixed angles are also relatively common (24.5

and 37.7%, respectively).
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NISP MNE MAU

Atlas 4 4 4
Axis 3 3 3
3th-7th cervical 14 14 3
Sacrum 1 1 1
Scapula 11 11 6
Pelvis 2 2 2
Humerus 11 11 6
Radius 11 10 5
Ulna 3 3 2
Metacarpal 25 25 13
Femur 7 7 4
Tibia 26 25 13
Metatarsal 23 22 11
Lateral metapodial 53 53 —
Carpals 61 61 —
Astragalus 14 14 7
Calcaneus 13 13 7
Other tarsals 39 39 —
Proximal phalanx 23 23
Intermediate 17 17 4
phalanx

Distal phalanx 23 23 6
Sesamoids 47 47 —
Metapodial 6 — —
Total 437 — —

Table 1: NISP, MNE, and MAU values of Equus specimens in TSR.
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The implementation of taphotypes (Domin-
guez-Rodrigo et al. 2015b: Fig. 1) allowes us to
quantify the degree and pattern of bone damage
in an assemblage. Metapodials from TSR usually
belong to taphotype 1, i.e., complete bones (80.0%
for metacarpals; 82.6% for metatarsals). On the
contrary, taphotype 15, i.e., cylinder, is frequent in
humeri (36.4%) and femora (42.9%). The radius
frequently lacks the proximal epiphysis and part
of the diaphysis (taphotypes 4 and 5; 27.3% and
18.2%, respectively), while complete radii are also
relatively abundant (27.3%). Tibiae are rarely pre-
served complete, with the majority retaining only
the distal half, or part of it (26.9% for taphotypes
4 and 5 each). Such a deletion of epiphyses ap-
pears to be non-random, rather it shows a degree
of selectivity. This pattern is further supported by
the regression analysis of abundance of epiphyses
with bone marrow content and bone density. There
appears to be a statistically significant inverse rela-
tionship between abundance of epiphyses and bone
marrow content (Fig. 1A), i.e., high-nutritional
value epiphyses are missing, and conversely less nu-
tritious epiphyses are preserved. Accordingly, the
abundance of epiphyses displays a strong positive
correlation with bone mineral density (R*=0.80),
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Figure 1: A, Regression analysis between abundance of epiphyses in the Equus specimens from TSR and bone marrow content in
modern horses (data from Outram and Rowley-Conwy, 1998). B, Mean values and standard deviation intervals of pit length on the
diaphysis. Data from: ~~ Dominguez-Rodrigo and Piqueras (2003), * Andrés et al. (2012), AA Sala et al. (2012), A Delaney-Rivera
(2009), ** Yravedra et al. (2014) and ~ Sala et al. (2014), in comparison with Equus from TSR.
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Figure 2: Left: Bone consumption sequence in humerus (A), femur (B), and tibia (C) in the TSR equid assemblage. Right: Examples
of carnivore modifications in equid bones: Femur with furrowing and punctures (D), atlas with furrowing, scores, and pits (E),
calcanei with furrowing (F), and scapula with jagged edges with a crenulated outline, and puncture (G).



TAPHONOMIC STUDY OF THE LOWER PLEISTOCENE SITE OF TSIOTRA VRYSSI 55

i.e., epiphyses with high mineral density are
over-represented.

Carnivore modifications are frequent in the
assemblage (Fig. 2), usually in the form of tooth
marks, as well as furrowing and notches. The high-
er percentages of modified elements, displaying
any type of carnivore alteration, are recorded in
femora (85.7%) and humeri (72.7%); most tibiae
(69.2%) are modified as well. Among long limb
bones, the least modified elements are metacarpals
(16.0%), while metatarsals and radio-ulnae also
display relatively low percentages of modification
(30.4 and 36.4%, respectively).

Regarding tooth marks, 475 pits, 201 scores,
and 12 punctures were recorded. In Figure 1B the
mean and standard deviation values of pit length
on the diaphysis from TSR are plotted along data
from studies conducted with extant predators. The
TSR values are comparable to those of some of the
largest modern carnivorans, such as lions, hyaenas,
and grey wolves. Additionally, a relatively wide
range is observed, with the upper limit surpassing

that of almost all modern species.

5.4 DISCUSSION

The bone damage patterns in the studied material
reveal a significant involvement of carnivorans in
the modification of the Eguus remains from the
TSR accumulation. There appears to be preferen-
tial deletion of nutrient-dense (with high marrow
yield) elements, such as the upper limb bones and
axial elements, as well as bone portions, i.e., prox-
imal epiphysis in the humerus, tibia, and radius,
and both epiphyses in the femur. Moreover, most
fractures are green indicating that the deletion of
the aforementioned portions occurred when bones
were still fresh and not later during the diagenetic
process. Carnivore modification is frequent, es-
pecially in the upper limb bones, the majority of

which bear tooth marks. The most frequent tooth

marks are pits, and their dimensions suggest that
they were inflicted by a large-sized carnivoran (Fig.
1B).

Several large carnivorans have been found to
date at TSR: the ursid Ursus etruscus, the hyaenid
Pachycrocuta brevirostris, the felid Megantereon sp.,
and several Canis sp. morphotypes (two medium-
and one large-sized) (Konidaris et al., 2015, 2021;
Koufos et al., 2018, Karakosta et al., this volume),
while the large carnivoran late Villafranchian fauna
of the Mygdonia Basin additionally includes the
telids Panthera gombaszoegensis and Homotherium
latidens (Koufos, 2014, 2018). Ursus etruscus is re-
garded an omnivorous carnivoran that consumed
both plant and vertebrate matter, the latter possi-
bly consisting mainly of fish (Medin et al., 2017);
therefore, it can be rather safely excluded as a can-
didate for inflicting the heavy bone modifications
observed at TSR. Additionally, the level of epiphy-
seal furrowing and bone deletion (including diaph-
yseal fragmentation) at TSR is incompatible with
a predominantly felid modification. Extant pan-
therine felids cause generally limited and targeted
furrowing in medium/large carcasses, while they
usually produce minor/moderate bone deletion
(e.g., Pobiner and Blumenschine, 2003; Domin-
guez-Rodrigo et al., 2012; Rodriguez-Alba et al.,
2019; Pobiner et al., 2020), and the same can be
hypothesized for the large felids present at TSR.
Specifically regarding sabre-tooths, it is suggest-
ed that their dental morphology would not allow
them to thoroughly exploit carcasses, and therefore
cause significant bone modifications (e.g., Valken-
burgh and Ruff, 1987; Palmqvist et al., 2011, and
references cited therein); but see Marean and Eh-
rhardt (1995) for Homotherium tooth-marking.
Modern wolves have the capacity to fracture un-
gulate bones; however, in wild populations, signifi-
cant deletion of bone portions is rare in large-sized
carcasses and is mainly observed in small-sized
prey and medium-sized juvenile carcasses (Haynes,
1982; Yravedra et al., 2011). On the contrary, the
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African wild dog is a flesh specialist that causes
limited to moderate bone alteration, in particular
in terms of bone deletion (Yravedra et al., 2014).
Modern hyaenas are by far the most destructive
of the extant carnivorans. Hyaena modified as-
semblages are characterized by an under-repre-
sentation of axial elements (Binford, 1981; Ca-
paldo, 1998), and high levels of fragmentation of
limb bones (Haynes, 1983; Hill, 1989; Domin-
guez-Rodrigo et al., 2015b). Remarkably, the
giant hyaena Pachycrocuta brevirostris possessed
craniodental adaptations that reveal even greater
bone cracking capabilities (Palmqvist et al., 2011).
In Venta Micena (Spain; Lower Pleistocene), re-
garded as a bone accumulation site of Pachycrocu-
ta, a preferential deletion of epiphyses in relation
to their marrow/fat content and mineral density
has been observed, reflected in the consumption
sequence of limb elements (Palmgqvist et al., 2011,
and references cited therein). Specifically, the se-
quence of consumption is proximodistal in the
humerus and tibia, distoproximal in metapodials,
and without a clear direction in the femur and ra-
dius, but involving the deletion of both epiphyses
(Palmgqvist et al., 2011). Such a sequence of bone
portion consumption, in addition to the degree of
bone deletion (Palmgqvist and Arribas, 2001: Fig.
2) are common attributes between Venta Micena

and TSR.

5.5 CONCLUSIONS

The preliminary taphonomic study on the bone
modifications in equid postcranial bones from
TSR reveals high levels of gross bone damage and
tooth marking, indicating that the main biotic
taphonomic signal of the assemblage reflects the
action of a large carnivoran that engaged in the
intensive exploitation of large ungulate carcasses,
similarly to modern hyaenas. Therefore, the study

points towards the hyaena Pachycrocuta brevirostris

(identified at the site) as the primary biotic agent
of bone modifications at TSR. This is further cor-
roborated by the similarities with the Pachycrocuta
bone accumulation site Venta Micena in terms of
the preferential deletion of epiphyses with high
nutrient content, the degree of bone deletion, and
the sequence of bone portion consumption. How-
ever, the involvement, even to a minor degree, of
other contemporaneous large carnivorans in the
alternation of bones cannot be completely ruled
out. In order to achieve a more conclusive inter-
pretation of the taphonomic history of TSR, fu-
ture study directions will focus on the inclusion of
the other ungulate size groups, the consideration
of additional parameters (e.g., levels of articula-
tion, tooth mark spatial distribution, notches), the
investigation of the ontogenetic age profiles, and
the examination of the coprolites found at the site.
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