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Abstract

This study investigates intraspecific morphometric variability in the archaeozoological
assemblages from the multi-period site of S, oimus, -Teleghi (Hunedoara County, Romania),
encompassing occupation phases from the Early Neolithic (Starčevo-Cris, culture) to the
Late Bronze Age. The new AMS radiocarbon dates obtained refine the chronological frame-
work of the site. The results reveal pronounced morphometric variability in cattle (Bos
taurus), with horncore flattening indices, dental dimensions, and postcranial measurements
enabling the differentiation of males, females, and probable castrates—the latter suggest-
ing traction-oriented management strategies. A notably large horncore from the Vinča
level may indicate hybridisation between domestic cattle and aurochs (Bos primigenius).
Sheep (Ovis aries) display an increase in estimated withers height from the Neolithic to
the Late Bronze Age, potentially reflecting improved husbandry. The pig (Sus domesticus)
scapula scatter plot indicates a female-dominated culling pattern, while postcranial ele-
ments suggest relatively robust forelimbs combined with more gracile distal limb segments.
Among wild taxa, red deer (Cervus elaphus) and wild boar (Sus scrofa) exhibit clear sexual
dimorphism and generally large body sizes, consistent with the selective hunting of prime
adult males. Comparative analysis with contemporary assemblages from Transylvania,
Banat, and Hungary situates the S, oimus, -Teleghi material within broader regional trends,
while highlighting certain distinctive features, particularly the large dimensions of Early
Neolithic cattle and the diachronic size increase observed in caprine.

Keywords: archaeozoology; osteometry; radiocarbon dating; S, oimus, -Teleghi; Neolithic;
Bronze Age; Romania

1. Introduction
Metric data extracted from animal skeletal remains can answer a remarkably wide

range of questions about past human–animal relationships and ancient environments.
Morphometric analysis provides insights into animal size, sexual dimorphism, and animal
population structure. Osteometric data also contribute to understanding animal husbandry
practices over longer timescales: changes in average body size within a domestic species
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across centuries can reflect shifts in feeding regimes, environmental stress, breed improve-
ment, or the importation of new livestock varieties through trade and migration networks.

Although numerous archaeozoological studies have addressed taxonomic composition
and age-at-death profiles, detailed morphometric investigations remain comparatively
scarce, particularly those covering long chronological sequences within a single settlement
framework. This is mainly due to the poor preservation of faunal remains, which do not
allow measurements to be taken.

The evaluation of intraspecific morphometric variability in archaeozoological samples
from the Neolithic and Bronze Age allows the reconstruction of animal management
strategies and adaptations to the environment. Standardised linear measurements can be
used to calculate body conformation indices, estimate animal size, or detect morphological
changes induced by human selection [1,2].

The present study focuses on the morphometric analysis of faunal remains recovered
from the multi-cultural archaeological site of S, oimus, -Teleghi, excavated in the context of
rescue investigations associated with the construction of the A1 highway. Previous research
on the site [3,4] has integrated archaeozoological (Table 1) and phytolith data to reconstruct
subsistence patterns and environmental conditions from the Early Neolithic through the
Late Bronze Age. Bioarchaeological data revealed a diachronic shift in subsistence practices,
reflecting cultural and environmental transformations. Domestic mammals predominate in
all the samples, indicating that animal husbandry was the primary source of animal protein
for the prehistoric populations of S, oimus, -Teleghi. The main identified domestic species are
cattle, sheep/goat, and pig. The Early Neolithic communities relied heavily on cattle and
sheep/goat, and the subsequent rise in pig consumption from the Middle Neolithic to Late
Bronze Age I suggests a transition toward more sedentary lifeways. An increased diversity
in game species (most frequently red deer, wild boar, and roe deer) was observed from the
Early to Middle Neolithic, and then, beginning with the Middle Bronze Age, the frequency
of wild mammal remains gradually declined [3,4].

Table 1. Quantification of mammal remains (NISP = number of identified specimens) [3,4].

Cultural Layer

Neolithic Bronze Age

Starčevo-Cris, Vinča Wietenberg
II

Wietenberg
III

Late Bronze
Age I

Late Bronze
Age II

Taxon NISP % NISP % NISP % NISP % NISP % NISP %

Cattle (Bos taurus) 353 53.98 323 39.93 446 28.59 460 34.48 1013 35.02 25 24.27

Sheep/Goat (Ovis aries/Capra hircus) 247 37.77 221 27.32 313 20.06 262 19.64 558 19.29 41 39.81

Pig (Sus domesticus) 5 0.76 119 14.71 378 24.23 333 24.96 746 25.79 16 15.53

Horse (Equus caballus) - - - - 25 1.60 21 1.57 54 1.87 2 1.94

Donkey (Equus asinus) - - - - - - 2 0.15 - - - -

Dog (Canis familiaris) 1 0.15 32 3.96 38 2.44 45 3.37 90 3.11 6 5.83

Domestic mammals 606 92.66 695 85.91 1200 76.92 1123 84.18 2461 85.07 90 87.38

Red deer (Cervus elaphus) 36 5.50 44 5.44 165 10.58 103 7.72 278 9.61 8 7.77

Wild boar (Sus scrofa) 5 0.76 31 3.83 117 7.50 70 5.25 93 3.21 3 2.91

Roe deer (Capreolus capreolus) 2 0.31 21 2.60 32 2.05 17 1.27 38 1.31 1 0.97

Aurochs (Bos primigenius) 4 0.61 2 0.25 18 1.15 - - 6 0.21 - -

Wild horse (Equus ferus) - - 5 0.62 - - - - - - - -

Wild donkey (Equus hydruntinus) - - 1 0.12 - - - - - - - -

Hare (Lepus europaeus) - - 4 0.49 18 1.15 3 0.22 5 0.17 - -

Beaver (Castor fiber) - - 1 0.12 3 0.19 - - 4 0.14 - -
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Table 1. Cont.

Cultural Layer

Neolithic Bronze Age

Starčevo-Cris, Vinča Wietenberg
II

Wietenberg
III

Late Bronze
Age I

Late Bronze
Age II

Taxon NISP % NISP % NISP % NISP % NISP % NISP %

Wolf (Canis lupus) - - 3 0.37 - - 2 0.15 2 0.07 - -

Fox (Vulpes vulpes) - - - - 3 0.19 1 0.07 - - - -

Bear (Ursus arctos) - - 2 0.25 3 0.19 3 0.22 2 0.07 - -

Polecat (Mustela putorius) 1 0.15 - - - - - - - - - -

Badger (Meles meles) - - - - 1 0.06 11 0.82 4 0.14 1 0.97

Lynx (Lynx lynx) - - - - - - 1 0.07 - - - -

Wild mammals 48 7.34 114 14.09 360 23.08 211 15.82 432 14.93 13 12.62

Total identified mammals 654 100 809 100 1560 100 1334 100 2893 100 103 100

This contribution aims to valorise osteometric data of domestic and wild animals,
assessing their intraspecific variability.

2. Materials and Methods
The studied material consists of the faunal remains recovered during the archaeological

excavations carried out in 2011–2012 in the context of the construction of the A1 highway in
Hunedoara County (Romania) [5–10]. The faunal remains subject to morphometric analysis
belong to different prehistoric periods, as follows: Early Neolithic (Starčevo-Criş culture),
Middle Neolithic (Vinča culture), Middle Bronze Age (Wietenberg culture—phases W II
and W III), and Late Bronze Age (phases I and II).

Radiocarbon dating. These analyses were performed for Middle Neolithic (Vinča
culture), Middle Bronze Age (Wietenberg culture—phases W II and W III), and Late Bronze
Age (phases I and II) assemblages. Before any chemical treatment, a small amount of
material from each sample was weighed into tin capsules and burned in an Elemental
Analyzer (EA) in order to determine the percentage of (%C), (%N) and C/N atomic ratio
(Table 2).

Table 2. The percentages of nitrogen, carbon and the C/N mass ratio are obtained with the Elemental
Analyzer (EA).

No. Sample Cod RoAMS Sample Cod N (%) C (%) C/N

1. 1753.125 S, oimus, -Teleghi P1 16.21 43.75 2.699

2. 1754.125 S, oimus, -Teleghi P2 16.08 43.68 2.716

3. 1755.125 S, oimus, -Teleghi P3 7.71 20.88 2.708

4. 1756.125 S, oimus, -Teleghi P4 18.03 48.70 2.701

5. 1757.125 S, oimus, -Teleghi P5 15.47 41.78 2.700

6. 1758.125 S, oimus, -Teleghi P6 15.60 42.23 2.706

For collagen extraction, the bone samples were pretreated using an AA (acid–acid)
treatment protocol followed by gelatinisation and ultrafiltration. The bone surface was
mechanically removed with a DremelTM (from Dacchim, Bucharest, Romania) before
any other interventions, and 2–3 g of raw bone was crushed to a size of 0.5 to 2 mm
with a grinder mill. For complete demineralisation, the chunks were then treated in
0.5 M HCl solution for 30 min in order to discard carbonates, fulvic acids and other
contaminants soluble in an acid medium. Further, the sample was washed in ultrapure
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MilliQTM water (water obtained in MilliQTM Direct 8, from Merck, Bucharest, Romania)
up to neutral pH, and the final step consisted of gelatinisation overnight at 80 ◦C in 0.2 M
HCl using a thermomixer at 500 rpm. The gelatin solution was then ultra-filtered using a
pre-cleaned VivaspinTM 15, 30 kDa MWCO (Molecular Weight Cut Off) and centrifuged at
4500 rpm for 30 min. After that, the gelatin fraction was frozen before being freeze-dried at
−45 ◦C [11–13].

Further, 2–3 mg of collagen samples were burned in the Elemental Analyzer, and the
resulting CO2 from the sample combustion was then adsorbed on the zeolite trap of the
Automated Graphitization Equipment (AGE-3, from IonPlus, Zürich, Switzerland). Finally,
the pure CO2 was thermally released into one of the selected reactors of the AGE-3, with
an iron catalyst on the bottom, where it is converted with excess hydrogen into graphite,
with the final sample being a homogeneous mixture of carbon and iron. The entire process
is a semi-automated one controlled by custom PC software developed in Lab VIEW [14,15].

Radiocarbon analysis was carried out at RoAMS Laboratory using the 1 MV
TandetronTM Accelerator of IFIN-HH, produced by HVEE (High Voltage Engineering
Europe, Amersfoort, Netherlands) [16,17]. The 14C content expressed as 14C/12C ratio was
corrected with 13C/12C isotopic fractionation of carbon species measured by AMS [18].
The Conventional Radiocarbon Age (CRA) was reported in BP years (years before present,
with the present being considered 1950). To determine the age in calendar years, the OxCal
v4.3.2 program and the IntCal20 atmospheric calibration curve were used [19,20].

Archaeozoological methods. The archaeozoological methods for this work primarily
involved measurements of skeletal elements from adult individuals using a calliper. Os-
teometric data were recorded following the standard measurement protocol of von den
Driesch [21] and analysed using descriptive statistical methods (mean, standard deviation)
and multivariate visualisation techniques (e.g., biplots). Size and morphology measure-
ments allow researchers to distinguish between closely related species whose bones are
otherwise difficult to tell apart; this is especially critical for separating sheep from goat,
aurochs from cattle, and wild boar from pig. Osteometric datasets are inherently quantita-
tive; they lend themselves to statistical comparison across sites, regions, and time periods.
This makes them especially valuable for large-scale syntheses and for building reference
databases that the wider research community can draw on—a cumulative, collaborative
dimension that few other archaeozoological methods offer as readily.

The osteometric data were processed using Microsoft Excel and RStudio v. 2025.09.2
+ 418 software.

Specific coefficients were used to calculate the withers height, as follows: Fock’s coeffi-
cients for Bos taurus [22], Teichert’s coefficients for Ovis aries [23], Schramm’s coefficients for
Capra hircus [24], Teichert’s coefficients for Sus domesticus and Sus scrofa [25,26], Harcourt’s
coefficient for Canis familiaris [27], and Kiesewalter’s coefficients for Equus caballus [28].

3. Results and Discussion
The Starčevo-Cris, assemblage was previously radiocarbon dated, with the results pub-

lished by Malaxa et al. ii, indicating an occupation period between 6080 and 5850 calBC [4].
The Middle Neolithic (Vinča culture), Middle Bronze Age (Wietenberg culture—phases

W II and W III), and Late Bronze Age (phases I and II) samples were submitted for radio-
carbon analysis to IFIN-HH Bucharest–Măgurele, Romania, with the results presented in
this paper. The sample initially attributed to the Vinča period returned a calibrated date
range of 1885–1667 calBC (with a 90.9% probability), leading to its reassignment to the
Wietenberg culture, phase II (W II) for subsequent analysis. The calibrated range for the
W II sample is 1775–1540 calBC, while the W III sample is dated 1689–1497 calBC. For the
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Late Bronze Age, the first phase (LBA I) is dated 1326–1109 calBC, and the second phase
(LBA II) is dated 1302–1047 calBC (Table 3 and Figure 1).

Figure 1. Calibrated radiocarbon data for S, oimus, -Teleghi cultural layers (The pair of blue curves show
the radiocarbon measurements on the tree rings (plus and minus one standard deviation); the red
curve on the left indicates the radiocarbon concentration in the sample; the grey histogram shows
possible ages for the sample (the higher the histogram the more likely that age is) [19].
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Table 3. List of AMS 14C dates from S, oimus, -Teleghi. The 14C ages were calibrated using OxCal
version 4.4.

Cultural
Layer

Laboratory
Code

The Sample Context. Site
S, oimus, -Teleghi

Type of Sample.
Main Characteristic

δ13C (‰)
Accelerator

Conventional Radiocarbon
Age BP and Error Age Cal BC

Vinča? RoAMS-
1753.125

c.30 + 140–30 + 100, feature
C.349, 0.70–1.70 m depth bone, Bos taurus 0.5 3452 (41) 90.9% probability

1885–1667 calBC

W II RoAMS-
1754.125 feature C.79, 0.50–1.10 depth bone, Cervus elaphus −19.5 3394 (45) 89.8% probability

1775–1540 calBC

W III RoAMS-
1756.125

feature C.347,
0.60–1.25 m depth bone, Cervus elaphus −17.9 3303 (44) 92.8% probability

1689–1497 calBC

LBA I RoAMS-
1755.125

featureC.82,
0.90–0.95 m depth bone, Bos taurus −16.0 2999 (44) 79.8% probability

1326–1109 calBC

LBA II RoAMS-
1757.125

c.30 + 200–30 + 220, feature
C.329, 0.70–1.30 m depth

bone, Ovis
aries/Capra hircus −28.8 2967 (44) 91.5% probability

1302–1047 calBC

Cattle (Bos taurus)

Morphometrics in cattle are based on measurements taken at the level of horncores,
dental series, metapodials and other bones.

Measurable horncore remains are rare—one each in the Vinča, Wietenberg II (W II),
Wietenberg III (W III), Late Bronze Age II (LBA II) levels, and two in Late Bronze Age I
(LBA I). Their dimensions and shape, expressed by the flattening index, are presented in
Table 4.

Table 4. Dimensions (in mm) of cattle horncores.

Assemblage

Basal Circumference
(mm)

Greatest Diameter of the
Horncore Base (mm)

Least Diameter of the
Horncore Base (mm)

Flattening
Index

(1) (2) (3) (3/2 × 100)

Vinča 205 67 59 88.06

W II 161 57 41.5 72.81

W III 155 53 41 77.36

LBA I
210 75 50 66.67

132 43 37 86.05

LBA II 120 39 34 87.18

The scatter plot of the horncores (Figure 2) illustrates the basal circumference reported
to the flattening index (the least base diameter/the greatest base diameter × 100), an index
that allows a distinction between the oval-section horncores of males (low index value) and
the circular-section horncores of females (higher index value) [29]. Thus, Figure 2 illustrates
a single male in the LBA I sample, characterised by a low flattening index value of 66.6.
At the opposite end of the spectrum, with values of 86.05 and 87.1, are two females, and
the intermediate values may correspond to two castrated individuals. The horncore from
the Vinča layer, with a flattening index of 88.06 and a large basal circumference of 205 mm,
could derive from a cross between cattle and aurochs. The single horncore excavated
from the Vinča level at S, oimus, -Teleghi appears larger than most specimens reported from
comparable sites. In other Vinča settlements, the average basal circumference of horncores
is lower, reaching 161.5 mm at Liubcova-Ornit,a, 174.4 mm at Foeni-Gaz, 181.5 mm at Gornea-
Căunit,a de Sus [30], and 191.6 mm at Part,a [31]. Likewise, the specimen from S, oimus, -Teleghi
exceeds the values reported from Miercurea Sibiului-Petris, , where a basal circumference
of 158.2 mm [32] was recorded, as well as those from Neszmely-Tekerespatak [33]. For the
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Bronze Age assemblages, the horncore measurements from the Wietenberg layers are higher
than those documented at Ders, ida, where the average basal circumference reaches only
139.6 mm [34]. In the Late Bronze Age, the horncore values from S, oimus, -Teleghi (mean
value of 154 mm) are comparable to those reported from Dunaújváros-Koszider, which has
an average basal circumference of 153.8 mm. However, they remain lower than the averages
documented at Békés-Városerdő, Csepel-Háros, Füzesabony, Süttő-Hosszúvölgy, Tápiószele-
Tűzkővés, and Tiszaluc-Dankadomb, where the mean values range between 159.6 mm and
183 mm (168.3 mm, 168.5 mm, 159.6 mm, 160.5 mm, 178 mm, and 183 mm respectively) [33].

Figure 2. Scatter plot of cattle horncore sizes (mm) and shapes (flattening index)—flattening index is
displayed on the plot (Vinča = Vinča culture; W II = Wietenberg culture, phase II; W III = Wietenberg
culture, phase III; LBA I = Late Bronze Age, phase I; LBA II = Late Bronze Age, phase II).

The dentition also yields limited metric data, as most of the maxillae and mandibles are
in an advanced state of fragmentation. Nevertheless, within the permanent dentition, it was
possible to measure the length of the cheektooth row (P2-M3), the length of the molar row
(M1–M3), and the length of the third molar (M3). As the M3 tooth is comparatively better
represented in the analysed assemblages, the variability ranges and average values could
be calculated for several sites. For the upper third molar (M3), the greatest dimensional
variability is observed in the W III level, with lengths ranging from 23.5 mm to 28.5 mm.
The lowest average length (26.9 mm) is also found in this level, whereas the highest average
value is recorded in W II (30 mm). In the LBA I level, the M3 length ranges between 27 and
30 mm (Figure 3). For the lower third molar (M3), the greatest dimensional variability is
observed in W II, where lengths range from 32 to 41 mm. Substantial variability is also
present in W III, with values between 32 and 40 mm. The lowest average length of the
M3 (36 mm) occurs in the W III sample, whereas the highest average value is recorded
in the Vinča culture level (38.7 mm) (Figure 4). Cattle dental measurements are relatively
scarce in the published literature. The average length of the M3 from the Vinča level at
S, oimus, -Teleghi is comparable to that recorded at the Tărtăria settlement, where an average
value of 39 mm has been reported [34]. However, the assemblage from S, oimus, -Teleghi
displays a wider range of variation in M3 length than that observed at other Vinča sites,
such as Gornea-Căunit,a de Sus (36.5–40 mm) and Liubcova-Ornit,a (36–40 mm) [30]. During
the Bronze Age, the values appear to decrease. The specimens from the W III and LBA I
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levels show mean values similar to the M3 measurement recorded from the Bronze Age
layer at Tărtăria (36 mm), but remain smaller than those reported at Ders, ida (40.8 mm) [34].
Nevertheless, the specimens from the Bronze Age levels at S, oimus, -Teleghi display larger
M3 values than those documented at Foeni (33 mm) and Gornea-Păzăris, te (33–36 mm) [30].

Figure 3. Box-and-whisker plot for upper third molar (M3) length in cattle.

Figure 4. Box-and-whisker plot for lower third molar (M3) length in cattle (Vinča = Vinča culture;
W II = Wietenberg culture, phase II; W III = Wietenberg culture, phase III; LBA I = Late Bronze Age,
phase I).

A Kruskal–Wallis test revealed no statistically significant differences in the mea-
surements of cattle upper third molars among the three archaeozoological assemblages
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(χ2 = 4.80, df = 2, p = 0.091). The same is revealed for the lower third molar, with no
statistical significance among the samples (χ2 = 2.02, df = 3, p = 0.5676). To complement the
non-parametric analysis, pairwise Welch’s t-tests were performed between all assemblage
pairs for the cattle upper and lower third molar length, with Holm’s correction applied
to adjust for multiple comparisons. No statistically significant differences were found
between any of the assemblages. These results are consistent with the Kruskal–Wallis and
Dunn’s test outcomes for the same dataset, and, taken together, suggest that although a
trend toward smaller third molars dimensions is apparent in the W III samples relative
to Vinča, W II or LBA I, this difference cannot be considered statistically robust given the
limited sample sizes (n = 4, 4, 7 for the upper M3 and n = 3, 5, 2, 13 for the lower M3)
(Table 5).

Table 5. Welch’s t-test for upper and lower third molar length in cattle.

Upper Third Molar

Group 1 Group 2 t Statistic df Raw p Mean Differences Adjusted p

W II W III 2.273 4.91 0.0732 3.125 0.2153

W II LBA I 2.26 5.15 0.0718 1.857 0.2153

W III LBA I −1.013 3.77 0.3714 −1.268 0.3714

Lower Third Molar

Vinča W II 0.684 4.71 0.5264 1.667 1

Vinča W III 0.605 1.44 0.6265 2.667 1

Vinča LBA I 1.245 2.31 0.3243 2.397 1

W II W III 0.232 1.33 0.8468 1 1

W II LBA I 0.44 4.86 0.679 0.731 1

W III LBA I −0.067 1.03 0.9573 −0.269 1

The measurements of the limb bone fragments are included in Table 6, except for
metapodials whose dimensions are presented in Table 7.

Table 6. Dimensions of limb bones (in mm) in cattle (LG = length of the glenoid cavity; BG = breadth of
the glenoid cavity; GL = greatest length; Bp = breadth of the proximal end; BFp = breadth of the facies
articularis proximalis; Bd = breadth of the distal end; BFd = breadth of the facies articularis distalis;
BT = breadth of the trochlea; SD = smallest diameter of diaphysis; LA = length of the acetabulum).

Anatomical Element Number Mesurements

Scapula Number Average LG
(Minimum–Maximum)

Average BG
(Minimum–Maximum)

Starčevo-Cris, 1 64 52

W II 4 63 (57.5–68) 53.3 (49–57.5)

W III 2 47; 58 39; 48

LBA I 7 54.9 (50.5–61) 46.6 (43–52)

Humerus Number Bd BT

Vinča 1 81 77

W II 2 88; 82 81; 78

LBA I 2 72; 78
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Table 6. Cont.

Anatomical Element Number Mesurements

Radius Number GL Bp
(Minimum–Maximum)

BFp
(Minimum–Maximum) Bd BFd SD

Vinča
2 88; 82 81; 77

2 75; 78 68; 72

W II
1 297 87.5 81 80 66 43

2 85; 85 77; 75

W III
1 307 88 79 84 75 47

1 83 75

LBA I 3 79 (72–84) 71.2 (64.5–75)

Pelvis Number LA

Starčevo-Cris, 1 70

LBA I 1 66

Astragalus Number Average GL
(Minimum–Maximum)

Starčevo-Cris, 3 76 (76–76)

Vinča 3 64 (63–66)

W II 2 63.5; 70

LBA I 4 64.1 (59.5–68)

Calcaneus Number Average GL
(Minimum–Maximum)

W II 2 123; 134

LBA I 3 127.3 (118–137)

Table 7. Withers height estimations in cattle (GL = greatest length; Bp = breadth of the proximal end;
SD = smallest diameter of the diaphysis; Bd = breadth of the distal end; F = female; C = castrated).

Sample Anatomical
Element

GL (mm)
(1)

Bp (mm)
(2)

SD (mm)
(3)

Bd (mm)
(4)

Index I2
(2 × 100/1)

Index I3
(3 × 100/1)

Index I4
(4 × 100/1) Sex

Withers
Height
(mm)

Vinča Metatarsal 223 45 25 52 20.18 11.21 23.32 F 1193.05

W II

Metacarpal 198 61 35 63 30.8 17.68 31.82 C 1211.76

Metatarsal 223 47 27 56.5 21.07 12.11 25.34 C 1215.35

Metatarsal 218 46 24 50 21.1 11 22.94 F 1166.3

LBA I Metatarsal 196 42 23 45.5 21.43 11.73 23.21 F 1048.6

Regarding the scapula, the specimen from the Early Neolithic level appears more
robust than those reported from several contemporaneous sites, including Gura Baci-
ului (LG of 58 mm), Tărtăria (average LG of 59.5 mm), Let, (61.3 mm) [34], Miercurea
Sibiului-Petris, (average LG of 62.8 mm) [35], and Gornea-Locurile Lungi (40 and 57 mm) [30].
However, it remains more gracile than the specimen documented at Ocna Sibiului (LG of
69.7 mm) [34]. For the Bronze Age assemblage, the cattle scapulae from S, oimus, -Teleghi
appear more gracile than the specimen from Tureni (LG of 66.7 mm) and show values
comparable to those recorded at Ders, ida [34]. The humerus from the Late Neolithic level
at S, oimus, -Teleghi appears more gracile than the specimen discovered at Tărtăria (Bd of
87 mm; BT of 78.5 mm) [34], as well as the specimens from Liubcova-Ornit,a (average Bd of
82.3 mm) and Gornea-Căunit,a de Sus (average Bd of 82.8 mm) [30]. However, the humerus
from S, oimus, is more robust than the one discovered in the eponymous settlement of the
Vinča culture (Bd of 67.8 mm) [36], as well as those from the vinčian layer at Miercurea
Sibiului-Petris, (average Bd of 80 mm) [32] and Neszmély-Tekerespatak [33]. The humeri
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recovered from the Wietenberg layer appear more robust than the specimens reported from
Ders, ida (average Bd of 75.5 mm) [34]. In comparison with Bronze Age assemblages from
Hungary, the measurements from S, oimus, fall within a similar range to those recorded at
Csepel-Háros (Bd of 82 mm), Jászdózsa (Bd 81 mm), Dunaújváros-Koszider (average Bd of
73.3 mm), Nyergesújfalu-Téglagyá (average Bd of 78.75 mm), Süttő-Hosszúvölgy (average Bd
of 80 mm), Tiszaluc-Dankadomb (average Bd of 77.4 mm) and are slightly higher than the
values documented at Valkó-Erdőgazdaság (Bd of 68 mm), Mezőkomárom-Alsóhegy (average
Bd of 72 mm) and Tápiószele-Tűzköves (average Bd of 70.25 mm) [33]. The pelvic measure-
ments recorded at S, oimus, -Teleghi fall within the range documented at several Starčevo-Cris,
sites, including Gura Baciului, Ocna Sibiului [34], Dudes, tii Vechi, and Foeni-Gaz [37]. For
the Early Neolithic assemblage, the astragalus measurements display generally higher
values than those reported from other contemporaneous settlements, such as Gura Baci-
ului (GL of 69.2 and 74.8 mm), Let, (66.7 mm), Ocna Sibiului (59.7 and 71.6 mm), Zăuan
(70.2 mm), Tărtăria (63.9 mm) and Tăs, nad (65 and 71 mm) [34]. In contrast, during the
Vinča period the astragali from S, oimus, present smaller measurements than those recorded
at other Vinča settlements, including Vinča-Belo Brdo (average GL of 67.9 mm) [36], Mier-
curea Sibiului-Petris, , Vinča layer, (averge GL of 70.85 mm) [32], Gornea-Căunit,a de Sus
(average GL of 70.3 mm) and Liubcova-Ornit,a (average GL of 69.1 mm) [30]. When com-
pared with Neolithic sites in Hungary, the Early Neolithic astragali from S, oimus, appear
to be generally larger than those from Gyálarét (GL of 57 and 62 mm), Hortobágy-Arkusi
(66 mm), Kisköre (72 mm), Neszmély-Tekerespatak (70 and 74 mm) and Tiszaluc-Vályogos
(average GL of 68.8 mm) [33]. For the Late Neolithic period, the astragalus GL values
from S, oimus, -Teleghi are comparable to those recorded at Gyálarét and Hortobágy-Arkusi,
while remaining lower than those reported from the other Hungarian settlements. For
the Wietenberg layer, the astragalus measurements from S, oimus, are higher than those
documented at Ders, ida (average GL of 62.1 mm) [34] and similar to those from Pianu de
Jos-Lunca Pârâului [38]. In comparison with Bronze Age assemblages from Hungary, the
astragalus measurements from S, oimus, -Teleghi fall within a similar range [33]. Regarding
the calcaneus, the specimens recorded at S, oimus, are generally similar to or more robust
than those from other Bronze Age assemblages, with a few exceptions such as Tureni (GL
of 135.8 mm) [34], Csepel-Háros (average GL of 141.7 mm), Mezőkomárom-Alsóhegy (Gl of
132 and 142 mm) and Tiszaluc-Dankadomb (average GL of 136.3 mm) [33].

Figures 5 and 6 illustrate the dimensional variability of radius and tibia epiphyses in
cattle. In the scatter of radius distal epiphysis, most measurements cluster in a central cloud,
likely corresponding to castrated individuals, while two extreme values are evident—one at
the lower left of the plot, probably representing a female, and one at the upper right, likely
a male (Figure 5). The Vinča specimens from S, oimus, appear to be larger in terms of Bd
than those recorded at Tărtăria (Bd of 74 mm) [34] and Vinča-Belo Brdo (average Bd of
70.2 mm) [36]. A similar pattern can be observed for the Wietenberg layer, where the
specimens from S, oimus, -Teleghi are generally larger than those reported from Ders, ida
(average Bd of 69 mm), Tureni (75.6 mm) [34] and Pianu de Jos (64.2 and 77.1 mm) [38].
Compared with other Neolithic and Bronze Age assemblages from Hungary, the Bd values
of cattle radius fall within a similar range [33].

The dispersion of the tibia distal epiphysis shows most values grouped in a cloud
on the left side of the diagram; the remaining measurements are positioned toward the
upper right and correspond to more robust individuals, probably males (Figure 6). For the
Starčevo-Cris, layer, the cattle specimens from S, oimus, -Teleghi appear smaller than those re-
ported from Gura Baciului (tibia Bd of 74.3 mm), but are comparable to the values recorded
at Ocna Sibiului (Bd of 67.4 mm) [34] and Miercurea Sibiului-Petris, (Bd of 68 mm) [35]. In
contrast, smaller individuals were documented at Let, (Bd of 54.6 mm) [34], and at several
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other Starčevo-Cris, settlements, including Cârcea-Viaduct (average Bd of 63.6 mm) [39],
Gornea-Locurile Lungi (average Bd of 66.2 mm), and Moldova Veche-Rât (average Bd of
64.3 mm) [30]. For the Vinča layer at S, oimus, -Teleghi, the only measurable specimen appear
more gracile than those documented at several Vinča settlements, such as Tărtăria (average
Bd of 69 mm) [34], Gornea-Căunit,a de Sus (average Bd of 65.5 mm), Liubcova-Ornit,a (aver-
age Bd of 67 mm), Foeni (average Bd of 67.2 mm) [30], Vinča-Belo Brdo (Bd of 64.3 mm and
69.4 mm) [36] and Miercurea Sibiului-Petris, (average Bd of 66 mm) [32]. During the Bronze
Age, the specimens raised at S, oimus, -Teleghi are more gracile than those from Tureni [34]
and Pianu de Jos [38], but more robust than those recorded at Ders, ida [34]. When compared
with several Neolithic and Bronze Age assemblages from Hungary, the cattle specimens
from S, oimus, -Teleghi generally display slightly more gracile tibiae [33].

Figure 5. Scatter plot for the radius distal epiphysis in cattle (Bd = breadth of the distal end;
BFd = breadth of the distal facies articularis; Vinča= Vinča culture; W II = Wietenberg culture, phase
II; W III = Wietenberg culture, phase III; LBA I = Late Bronze Age, phase I)—BFd metrics being shown
on the plot.

For the proximal phalanx, the largest variability of GL (Greatest Length) is recorded
in the Vinča level, and the smallest one occurs in Starčevo-Cris, (Figure 7). These data
suggest that the most robust cattle specimens were probably raised in the Early Neolithic,
as the average GL of the proximal phalanx reaches 72 mm. The mean value subsequently
decreases to 54.7 mm in W III, followed by a slight increase in LBA I to 58.8 mm (Figure 7).
The measurements of the proximal phalanx from S, oimus, -Teleghi fall within the range
recorded at Zăuan and are generally larger than those recorded at several other Starčevo
settlements [30,34,35]. In contrast, during the Late Neolithic, the cattle from S, oimus, -
Teleghi display smaller values for the GL of the first phalanx compared with other Vinča
assemblages [30,34,36]. A similar pattern is observed during the Bronze Age, where the
measurements recorded at S, oimus, -Teleghi are, in general, smaller than those reported from
sites such as Ders, ida, Mintiu Gherlei, and Tureni [34].
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Figure 6. Scatter plot for the tibia distal epiphysis in cattle (Bd = breadth of the distal end;
BFd = breadth of the distal facies articularis; Starčevo-Criş = Starčevo-Criş culture; Vinča = Vinča
culture; W II = Wietenberg culture, phase II; W III = Wietenberg culture, phase III; LBA I = Late
Bronze Age, phase I)—BFd metrics being shown on the plot.

Figure 7. Box-and-whisker plot of the proximal phalanx in cattle (GL = greatest length;
Starčevo-Criş = Starčevo-Criş culture; Vinča = Vinča culture; W II = Wietenberg culture, phase II;
W III = Wietenberg culture, phase III; LBA I = Late Bronze Age, the first phase) (red dots
represent outliers).

The Kruskal–Wallis test revealed significant differences in cattle proximal phalanx
length among the archaeozoological assemblages (χ2 = 13.35, df = 4, p = 0.0097). Dunn’s tests
with Bonferroni correction showed that the Starčevo-Cris, assemblage differed significantly
from both the LBA I assemblage (adjusted p = 0.031) and the W III assemblage (adjusted
p = 0.014). No other comparisons remained significant after correction, suggesting broadly
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similar phalanx lengths among the remaining assemblages (Table 8). For the GL of the cattle
proximal phalanx, pairwise Welch’s t-tests with Holm’s correction revealed statistically
significant differences involving the Starčevo-Cris, assemblage. Starčevo-Cris, differed
significantly from W II (adjusted p < 0.001), W III (adjusted p = 0.036), and LBA I (adjusted
p < 0.001), with the Starčevo-Cris, sample showing consistently and substantially higher
mean GL values (mean differences of 10.1–17.3 mm) than all three later assemblages. No
other pairwise comparisons approached significance (all adjusted p > 0.5) (Table 9).

Table 8. Kruskal–Wallis and Dunn’s tests for proximal phalanx GL in cattle.

Kruskal–Wallis test

Statistic Value

Chi-square 13.354

df 4

p-value 0.00967

Dunn’s test

Comparison Z statistic Raw p Adjusted p Significance

LBA I—Starčevo-Cris, 2.955 0.00313 0.0313 Significant

LBA I—Vinča 0.462 0.644 1 Not significant

LBA I—W II 1.532 0.125 1 Not significant

LBA I—W III −1.306 0.191 1 Not significant

Starčevo-Cris, —Vinča −2.267 0.0234 0.234 Not significant

Starčevo-Cris, —W II −1.736 0.0826 0.826 Not significant

Starčevo-Cris, —W III −3.191 0.00142 0.0142 Significant

Vinča—W II 0.8 0.424 1 Not significant

Vinča—W III −1.472 0.141 1 Not significant

W II—W III −2.142 0.0322 0.322 Not significant

Table 9. Welch’s t-test for proximal phalanx GL in cattle.

Group 1 Group 2 t Statistic df Raw p Mean Differences Adjusted p

Starčevo-Cris, Vinča 3.41 6.6 0.01235 10.857 0.08645

Starčevo-Cris, W II 5.79 11.55 0.0001 10.1 0.0009018

Starčevo-Cris, W III 9.121 2.65 0.004501 17.333 0.03601

Starčevo-Cris, LBA I 9.418 19.01 1.37 × 10−8 13.158 1.37 × 10−7

Vinča W II −0.217 9.16 0.833 −0.757 1

Vinča W III 1.814 8 0.1073 6.476 0.5365

Vinča LBA I 0.691 7.88 0.5095 2.301 1

W II W III 3.042 5.75 0.02399 7.233 0.1439

W II LBA I 1.53 19.1 0.1424 3.058 0.5365

W III LBA I −1.955 4.2 0.1189 −4.175 0.5365

Linear regression analysis demonstrated a significant negative relationship between
chronological phase and cattle phalanx length (p = 0.0016), indicating a possible trend
toward smaller cattle through time (Figure 8).
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Figure 8. Linear regression for cattle proximal phalanx greatest length (GL) (Starčevo-Criş = Starčevo-
Criş culture; Vinča = Vinča culture; W II = Wietenberg culture, phase II; W III = Wietenberg culture,
phase III; LBA I = Late Bronze Age, phase I).

The withers height in cattle has been estimated only in the Vinča, W II, and LBA I
levels, separately for female (average of 1135.98 mm) and castrated individuals (average of
1213.55 mm) (Table 7). The withers height estimated for the Vinča layer at S, oimus, -Teleghi is
lower than the values reported from other Vinča settlements, such as Miercurea Sibiului-
Petris, (126.8 cm), Gornea (126.07 cm), and Part,a (132.2 cm for females) [32]. During the
Bronze Age, however, the estimated withers heights fall within the range documented at
other Transylvanian settlements, including Ders, ida (113.8 cm) and Tureni (121.8 cm) [34].

Sheep/Goat (Ovis aries/Capra hircus)

Only a small number of horncores were recovered, most of them highly fragmented. A
horncore fragment attributed to a goat was identified in the Vinča level. From W II, one goat
horncore and two sheep were recovered; of these, only one sheep horncore was measurable,
with the basal circumference of 162 mm and the greatest and smallest basal diameters of
57 mm and 41 mm respectively. In the subsequent phase of this culture, two goat horncores
were identified, one of which was measured, showing a basal circumference of 120 mm,
the greatest basal diameter of 42 mm, and the smallest basal diameter of 32 mm. In the
LBA I assemblage, five goat horncores and four sheep horncores were examined. Among
the goat horncores, one specimen was measurable, with a basal circumference of 101 mm
and the greatest/least diameters of 32 mm and 21 mm. Of the sheep horncores, two were
attributed to males and one to a female; only one male horncore was measured, with a
basal circumference of 163 mm and greatest/smallest diameters of 57 mm/41.5 mm. The
basal circumference measurements of sheep/goat horncores recorded at S, oimus, -Teleghi
generally display larger values compared to those documented at other settlements in
Transylvania [34], while falling within the range reported from several Hungarian sites [33].

The length variability of the upper third molar (M3) was assessed only in two levels
(W II and LBA I); in each, two M3 teeth were measured, with the lengths of 18 mm and
19 mm in W II, and 18 mm and 19 mm in LBA I. The values recorded at S, oimus, -Teleghi
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appear smaller than those documented at Foeni, where an average length of 22.8 mm has
been reported [30].

At the Starčevo-Cris, level, two lower M3 were measured, both 24 mm in length. The
greatest dimensional variability of lower third molar (M3) is recorded in the LBA I level,
with a minimum length of 18 mm and a maximum of 24 mm. The smallest length variability
is in W II, with a minimum of 24.5 mm and a maximum of 25.5 mm. The average length
of M3 in sheep/goat is highest in the W II sample (24.7 mm), followed by that of W III
(22.8 mm). The lowest average value is observed in LBA I (21.9 mm) (Figure 9). For
the Starčevo-Cris, culture, the specimen from S, oimus, -Teleghi displays a greater M3 length
compared with those reported from Gura Baciului, Let, , Ocna Sibiului [34], and Dudes, tii
Vechi [37], while remaining comparable to the values recorded at Miercurea Sibiului-
Petris, (average M3 length = 23.3 mm) [35]. For the Vinča period, the M3 measurement
from S, oimus, -Teleghi is smaller than that reported from Tărtăria (L = 23.2 mm) [34], but
larger than the values documented at Liubcova-Ornit,a [30]. In the Wietenberg context, the
specimens from Ders, ida exhibit smaller M3 lengths, with an average value of 21.7 mm [34].

Figure 9. Box-and-whisker plot for lower third molar (M3) length in sheep/goat. Red dots represent
outliers (Vinča = Vinča culture; W II = Wietenberg culture, phase II; W III = Wietenberg culture,
phase III; LBA I = Late Bronze Age, phase I).

The Kruskal–Wallis test was performed on the lower third molar of sheep/goat length,
revealing statistical significance (p value of 0.049372). Furthermore, we performed Dunn’s
test with Bonferroni correction, showing that the W II assemblage differed significantly
from LBA I (Table 10). For the length of the sheep/goat lower M3, pairwise Welch’s t-tests
with Holm’s correction identified two statistically significant differences, both involving
the W II assemblage. W II differed significantly from Vinča (adjusted p = 0.025), and from
LBA I (adjusted p < 0.0005). No other pairwise comparisons were significant (Table 11).

For the forelimb, it was possible to calculate the average of some dimensional parame-
ters of bone extremities; these are included in Table 12. Starčevo-Cris, and Vinča data display
similar averages of the humerus Bd; the largest values of this dimension come from the
LBA I level, suggesting that the most robust sheep/goats were probably raised there. In the
LBA I level, two proximal metacarpal fragments (with proximal breadths of 24.5 mm and

https://doi.org/10.3390/quat9040055

https://doi.org/10.3390/quat9040055


Quaternary 2026, 9, 55 17 of 31

24 mm, respectively) and one complete metacarpal (dimensions are included in the withers
height estimations table) were recorded. At S, oimus, -Teleghi, the greatest length (LG) of the
scapula generally displays larger values compared with those recorded at several Starčevo-
Cris, settlements, including Gura Baciului (average LG = 23.3 mm), Zăuan (LG = 20.7 mm
and 18.2 mm) [34], Gornea-Locurile Lungi (LG = 20.5 mm) [30], and Miercurea Sibiului-
Petris, (average LG = 26 mm) [35], while falling within the range documented at S, eus, a
(LG = 28 mm) [37]. For the distal breadth of the humerus, the values recorded at S, oimus, -
Teleghi are comparable to those reported from Neolithic assemblages at Gura Baciului
(Bd = 29.7 mm), Zăuan (Bd = 28.7 mm) [34], and Liubcova-Ornit,a (Bd = 28.5 mm), and are
slightly smaller than those documented at Gornea-Căunit,a de Sus (Bd = 30.4 mm) [30]. In
the Bronze Age, the measurements from S, oimus, -Teleghi appear larger than those recorded
at Ders, ida (Bd = 27.8 and 32.3 mm) [34]. The radius BFp from S, oimus, -Teleghi shows similar
average values to those documented at Ders, ida (average BFp = 28.2 mm) and larger values
than those reported from Mintiu Gherlei (BFp = 26 mm) [34]. In contrast, higher average
values for the sheep/goat radius BFp have been recorded at Foeni (31.5 mm) [30].

Table 10. Kruskal–Wallis and Dunn’s tests for lower third molar (M3) length in sheep/goat.

Kruskal–Wallis test

Statistic Value

Chi-square 7.842931

df 3

p-value 0.049372

Dunn’s test

Comparison Z statistic Raw p Adjusted p Significance

LBA I—Vinča −0.85462 0.39276 1 Not significant

LBA I—W II −2.78665 0.005326 0.031954 Significant

Vinča—W II −1.90864 0.056309 0.337854 Not significant

LBA I—W III −0.73793 0.460556 1 Not significant

Vinča—W III 0.052443 0.958176 1 Not significant

W II—W III 1.891512 0.058556 0.351336 Not significant

Table 11. Welch’s t-test for lower third molar (M3) length in sheep/goat.

Group 1 Group 2 t Statistic df Raw p Mean
Differences

Adjusted
p

Vinča W II −4.025 6.99 0.005047 −2.25 0.02524

Vinča W III −0.066 8.22 0.9487 −0.05 0.9487

Vinča LBA I 1.265 15.56 0.2244 0.883 0.6732

W II W III 3.381 5.54 0.01679 2.2 0.06716

W II LBA I 5.361 14.17 9.64 ×
10−5 3.133 0.000579

W III LBA I 1.207 10.63 0.2537 0.933 0.6732
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Table 12. Dimensional variation in bone extremities in caprines (LG = length of the Glenoid cavity;
Bd = breadth of the distal end; BFp = breadth of the proximal facies articularis; Min = minimum;
Max = maximum).

Assemblage Anatomical
Element-Parameter Number Minimum Maximum Average

Starčevo-Cris, Scapula—LG 3 26 30 28

Starčevo-Cris, Humerus-Bd 5 27 29.5 28.7

Vinča Humerus-Bd 3 28 30 29.34

LBA I Humerus-Bd 6 30 34 32.08

LBA I Radius-BFp 3 24 32 28.67

LBA I Tibia-Bd 3 26.5 29.5 28

For sheep/goat humerus distal breadth, the Kruskal–Wallis test yielded a statistical
significance p value of 0.008642, while the post hoc test revealed that the only significant
difference is between the Starčevo-Cris, and LBA I assemblages (Table 13). The Welch’s
t-tests with Holm’s correction showed a statistically significant difference between the
Starčevo-Cris, and LBA I assemblages (adjusted p = 0.007), with LBA I specimens exhibiting
a substantially larger mean Bd (mean difference = 3.38 mm). No significant difference was
found between Starčevo-Cris, and Vinča (adjusted p = 0.474), nor between Vinča and LBA I
(adjusted p = 0.055) (Table 14).

Table 13. Kruskal–Wallis and Dunn’s tests for humerus distal breadth in sheep/goat.

Kruskal–Wallis test

Statistic Value

Chi-square 9.502312

df 2

p-value 0.008642

Dunn’s test

Comparison Z statistic Raw p Adjusted p Significance

LBA I—Starčevo-Cris, 3.000436 0.002696 0.008088 Significant

LBA I—Vinča 1.819058 0.068903 0.206708 Not significant

Starčevo-Cris, —Vinča −0.72653 0.467511 1 Not significant

Table 14. Welch’s t-test for humerus distal breadth in sheep/goat.

Group 1 Group 2 t Statistic df Raw p Mean
Differences

Adjusted
p

Starčevo-Cris, Vinča −0.795 3.73 0.474 −0.633 0.474

Starčevo-Cris, LBA I −4.319 8.38 0.002285 −3.383 0.006855

Vinča LBA I −2.952 5.6 0.02777 −2.75 0.05554

Linear regression analysis revealed a significant positive relationship between chrono-
logical phase and distal humerus breadth (Bd) in caprines (p = 0.0012), with distal breadth
increasing with each successive archaeological phase (Figure 10). For the rest of the mea-
sured parameters, the regression analysis showed no statistical power.
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Figure 10. Linear regression for humerus distal breadth (Bd) in sheep/goat (Starčevo-Criş = Starčevo-
Criş culture; Vinča = Vinča culture; LBA I = Late Bronze Age, phase I).

For the pelvic limb in caprines, the average of tibia Bd was calculated only in the LBA
I level (Table 12). In Starčevo-Cris, , only a distal fragment of the tibia with Bd of 25 mm
was recovered. For Vinča, two tibiae were measured: one complete, with GL 197 mm,
Bp 40 mm, SD 14 mm, and Bd 26 mm; one fragmentary, with Bd 26 mm. For the W III
level, a single distal tibia fragment with Bd 27.5 mm was measured. The specimen from
the Starčevo-Cris, layer at S, oimus, -Teleghi presents values comparable to those recorded at
Miercurea Sibiului-Petris, [35], Let, , and Ocna Sibiului, while being larger than the specimen
documented at Tărtăria [34]. For the Vinča period, the measurements from S, oimus, -Teleghi
are similar to those reported at Gornea-Căunit,a de Sus (average tibia Bd of 26.9 mm) and
exceed the values recorded at Liubcova-Ornit,a (average Bd of 24.5 mm) [30] and Vinča-Belo
Brdo (average Bd of 22.5 mm) [36]. For the Wietenberg cultural layer, the values recorded at
S, oimus, -Teleghi are similar to those reported from Ders, ida (Bd of 27 mm) [34].

In the LBA I sample, four metatarsals were measured, yielding a mean Bp of 21.2 mm.
At LBA II, only one proximal metatarsal fragment was available for measurement, with a
Bp of 20 mm.

The distinction between sheep and goat was made at the metapodial level based
on the diaphyseal index and the distal epiphyseal index, after which withers height was
calculated separately for each species (Table 15). In goat (Capra hircus), withers height
was estimated only for the LBA I level, where an average of 662.36 mm resulted from
three metatarsals (Table 15). In sheep (Ovis aries), withers height was estimated based on
astragali, metacarpal, and metatarsals. In the Starčevo-Cris, , average withers height was
618 mm; in Vinča, it was 608.36 mm; and in LBA I, there was an average of approximately
642 mm (Table 15). The sheep from the Neolithic levels at S, oimus, -Teleghi appear to be
generally larger than those reported from several contemporaneous settlements, includ-
ing Zăuan (542.53 mm) [34], Dudes, tii Vechi (594.75 mm), Foeni-Gaz (569 mm), Pes, tera
Cauce (523.33 mm), Gura Baciului (589 mm), and Miercurea Sibiului-Petris, (603.66 mm) [37].
During the Bronze Age, however, the sheep from S, oimus, -Teleghi display values compa-
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rable to those documented at other Bronze Age sites in Transylvania (average value of
646.53 mm) [34] and Banat (645–678 mm) [30].

Table 15. Withers height estimations in sheep and goat (GL = greatest length; Bp = breadth of the
proximal end; SD = smallest diameter of the diaphysis; Bd = breadth of the distal end).

Assemblage Species Anatomical
Element

GL
(mm)

(1)

Bp
(mm)

(2)

SD
(mm)

(3)

Bd
(mm)

(4)

Proximal
Index (I2

= 2 ×
100/1)

Diaphyseal
Index

(I3 = 3 ×
100/1)

Distal
Index

(I4 = 4 ×
100/1)

Withers
Height
(mm)

Average
(mm)

Starčevo-Cris, Ovis aries astragalus 28 - - - - - - 635.04
618.03

Starčevo-Cris, Ovis aries astragalus 28.5 - - - - - - 601.02

Vinča Ovis aries metatarsal 134 20 11 24 14.92 8.21 17.91 608.36

LBA I Capra hircus metatarsal 118 22 13 24 18.64 11.02 20.34 630.12

662.36
LBA I Capra hircus metatarsal 128 20.5 13.5 25 16.02 10.55 19.53 683.52

LBA I Capra hircus humerus 151 - - - - 32 17 582.86

LBA I Capra hircus metatarsal 141 21 - 23 17.9 - 10.5 752.94

LBA I Ovis aries metatarsal 143 20.5 11.5 25 14.33 8.04 17.48 649.22
642.46

LBA I Ovis aries metacarpal 130 23.5 12 25 18.08 9.23 19.23 635.7

Pig (Sus domesticus)

For the cephalic skeleton, it was possible to evaluate the variation in the average
length of the third molar in some of the studied samples. With the reservation of the small
number of data, it can be appreciated that this dimension records a higher average value in
the WII level, both for the upper third molar (M3) and for the lower one (M3) (Table 16).
The upper third molar measurements from S, oimus, -Teleghi are slightly larger than those
recorded at the Wietenberg culture settlement of Ders, ida (M3 length = 33.9 mm) [34]. In
the Late Bronze Age, the values are comparable to those documented at Gornea-Păzăris, te
(32.5 mm), but remain lower than those reported from Foeni (34 mm) [30]. At a broader
scale, the Bronze Age measurements from S, oimus, -Teleghi fall within the general range
documented for Romania (average M3 length = 33.4 mm) [40]. In comparison with Bronze
Age assemblages from Hungary, the specimens from S, oimus, -Teleghi appear more gracile
than those reported from Tiszaluc-Dankadomb (M3 length = 34 mm) [33]. For the lower third
molar, the values recorded at S, oimus, -Teleghi are likewise comparable to the general range
documented for Romania (average M3 length = 35 mm) [40]. However, the specimens from
S, oimus, -Teleghi are generally more robust than those reported from other Bronze Age sites in
Transylvania, such as Ders, ida (33.8 mm), Mintiu Gherlei (32 mm) [34], and Gornea-Păzăris, te
(31.1 mm) [30].

Table 16. Variability (minimum–maximum) and average length of the third molar in pig.

Assemblage Minimum Maximum Average

Upper third molar (M3)

W II (n = 3) 33 36 34.7

W III (n = 2) 33.5 34 33.8

LBA I (n = 10) 29 38 32.9

Lower third molar (M3)

W II (n = 6) 32 43 36.8

W III (n = 2) 32 35 33.5

LBA I (n = 19) 30 42 35.1
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Due to the high degree of fragmentation, it was not possible to calculate average values
for thoracic- and pelvic-limb parameters in domestic pigs. Measurements for scapula and
tibia are presented in Figures 11 and 12, respectively, while five humeri were recorded in
the LBA I layer, yielding an average Bd of 41.1 mm, which is slightly higher than the values
generally reported for Romania [40].

Figure 11. Scatter plot for the scapula glenoid cavity dimensions (mm) in pig (LG = length
of the glenoid cavity, BG = breadth of the glenoid cavity; W II = Wietenberg culture, phase II;
W III = Wietenberg culture, phase III; LBA I = Late Bronze Age, phase I)—BG metrics being shown
on the plot.

Figure 12. Scatter plot for the tibia distal epiphysis dimensions (mm) in pig (Bd = breadth of the distal
end; BFd = breadth of the distal facies articularis; W III = Wietenberg culture, phase III; LBA I = Late
Bronze Age, phase I)—BFd metrics being shown on the plot.
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The scatter plot of glenoid cavity dimensions of the pig scapula probably groups
females at the bottom left, while males would be represented only by two individuals
identified in the W III and LBA I levels (Figure 11). The scapula measurements from
the Wietenberg layer at S, oimus, -Teleghi appear to be larger than those documented at
Ders, ida (average LG = 28.2 mm) [34] and Pianu de Jos-Lunca Pârâului (LG = 31.3 mm) [38].
Considering the full set of Bronze Age measurements from S, oimus, -Teleghi, the specimens
appear to have been generally more robust than those recorded in the rest of the country,
where the average scapula length in pigs is approximately 31.8 mm [40]. The distal tibia
epiphysis in pig shows values broadly and similarly distributed (Figure 10). For the
distal tibia, the specimens measured at S, oimus, -Teleghi display more gracile morphology
compared with those reported from Ders, ida (average Bd of 32.8 mm) [34] and Békés-
Városerdő (average Bd of 32.04 mm) [33], while showing values similar to those recorded
at Foeni (31.3 mm) [30].

The pig’s withers height was estimated using metapodial bones, and most values were
obtained for the LAB I level, with an average of about 783 mm (Table 17). The withers
height estimated for the Middle Bronze Age at S, oimus, -Teleghi appears to be greater than
the average values reported for Romania (791.3 mm), whereas in the Late Bronze Age the
estimated values from S, oimus, -Teleghi are lower (798.07 mm—the average for Romanian
Late Bronze Age) [40].

Table 17. Withers height estimation for pig (GL = greatest length).

Assemblage Anatomical Element GL (mm) Withers Height (mm) Average (mm)

W III metacarpal III 78 807.46

LBA I metacarpal III 78 807.46

783.32

LBA I metacarpal IV 80 813

LBA I metacarpal IV 76 770.88

LBA I metacarpal IV 80 813

LBA I metatarsal IV 81 712.24

Dog (Canis familiaris)

The measurements for both the cephalic and appendicular skeleton of the dog are
presented in Table 18. The M1 lengths recorded at S, oimus, -Teleghi appear to be greater than
the values documented at Ders, ida (average M1 length of 20.6 mm) [34], Békés-Városerdő
(average M1 length of 20.6 mm), and Füzesabony (average M1 length of 20.4 mm) [33].
For the humerus, the specimen from S, oimus, -Teleghi exhibits a broader distal epiphysis
compared with those recorded at Ders, ida (average Bd of 29.7 mm) [34]. The proximal
breadth of the dog radii from S, oimus, -Teleghi appears to be greater than those reported
from Vinča-Belo Brdo [36] and Ders, ida [34], but smaller than the values documented at
Békés-Városerdő [33]. Regarding the pelvis, similar values of acetabular length have
been recorded at Ders, ida [34]. For the femur, comparable distal breadth measurements
are documented at Nagykálló (33 mm) and Palotás-Homokos (33.5 mm) [33]. The tibia
measurements from S, oimus, -Teleghi fall within the range reported at Pianu de Jos-Lunca
Pârâului (22.7 mm) [38].

Based on a tibia from the LBA I level with a GL of 115.5 mm, the withers height was
calculated at 332.47 mm. According to the scale proposed by Udrescu et al. ii (1999) [41],
this individual falls below medium height. Furthermore, a diaphyseal index of 6.06 places
the specimen within the gracile dog category [41].

https://doi.org/10.3390/quat9040055

https://doi.org/10.3390/quat9040055


Quaternary 2026, 9, 55 23 of 31

Table 18. Dimensions of bones (in mm) in dog (GLP = greatest length of the glenoid process;
LG = length of the glenoid cavity; BG = breadth of the glenoid cavity; GL = greatest length;
Bp = breadth of the proximal end; Bd = breadth of the distal end; SD = smallest diameter of di-
aphysis; LA = length of the acetabulum).

Anatomical Element Number Measurements

Mandible Number Cheektooth Row Molar Row Carnassial

W II 1 71 39 25

LBA I 1 68 34

LBA I 1 37

Scapula Number Average GLP
(minimum–maximum)

Average LG
(minimum–maximum)

Average BG
(minimum–maximum)

W III 1 36 30 22

W III 1 24.5

LBA I 3 27 (24–29) 24.3 (21–26) 16.8 (15.5–17.5)

Humerus Number Bd

LBA I 1 33

Radius Number Average Bp
(minimum–maximum)

Vinča 1 29

LBA I 1 22

LBA I 3 19.5 (16.5–21)

Pelvis Number Average LA
(minimum–maximum)

W III 3 23 (22–24)

LBA I 3 21.7 (21–23)

Femur Number Bd

LBA I 2 33; 30

Tibia Number GL Bp Average Bd
(minimum–maximum) SD

W II 1 23

W III 1 21

LBA I 3 115.5 27 21.3 (20–24) 7

Calcaneus Number GL

W III 1 45

Metacarpal IV Number GL

LBA I 1 64

Metatarsal III Number GL

LBA II 1 68

First phalanx Number GL

W II 1 41

Horse (Equus caballus)

Metric data for this species are scarce, making it impossible to conduct a comparative
study between cultural levels. For the Bronze Age, a single upper third molar (M3) was
measured in the W II level, with a length of 32 mm, slightly smaller than the one recorded
at Ders, ida (34.5 mm) [34]. In W III, several postcranial elements were dimensioned: a distal
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tibia fragment with a Bd of 72.5 mm, a distal metacarpal fragment with a Bd of 48 mm, and
a complete metacarpal with a GL of 202.5 mm. The latter displays a gracility index of 13.33,
which places it in the “very thin” horse category on Brauner’s scale [41]. On the basis of
this metacarpal, withers height was estimated at 1298.02 mm, which is smaller than the
withers heights recorded at Foeni Bronze Age level (1333–1365 mm) [30]. In the LBA I level,
the following measurements were obtained: a scapula with LG 54 mm and BG 44 mm; a
proximal radius fragment with Bp 87 mm and BFp 76 mm; and a distal tibia fragment with
Bd 68 mm and BFd 58 mm.

Red deer (Cervus elaphus)

The following measurements were recorded for the cephalic skeleton of deer:

• Starčevo-Cris, level: one mandible with the cheektooth row length of 126 mm, the
molar row length of 79 mm, and the M3 length of 29 mm.

• W II level: one maxilla with the M3 length of 25.5 mm, and one mandible with the M3

length of 35 mm, smaller than the one from Ders, ida—40.6 mm [34].
• LBA I level: two mandibles with the M3 lengths of 31 mm and 35 mm, respectively.

For postcranial elements, the limited dataset allowed only the construction of scatter
plots for a few dimensions: the glenoid cavity of the scapula, the proximal epiphysis of
the radius, and the distal epiphysis of the tibia. In addition, the variation in length of the
astragalus and the first phalanx (i.e., minimum, maximum, and average) was evaluated for
some of the analysed assemblages.

The scatter plot of scapula glenoid cavity dimensions in red deer displays a separation
of probably males toward the right side of the diagram, with greater values for both
length and breadth, compared to the female specimen identified in the LBA I assemblage
(Figure 13).

Figure 13. Scatter plot for the scapula glenoid cavity dimensions (mm) in red deer (LG = length of the
glenoid cavity, BG = breadth of the glenoid cavity; W II = Wietenberg culture, phase II; LBA I= Late
Bronze Age, phase I)—BG metrics being shown on the plot.

At the level of the proximal epiphysis of the radius, presumed female specimens
cluster at the lower left of the distribution, with BFp values equal to or below 54 mm,
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whereas the values placed on the upper right, exceeding 60 mm, could be attributed to
male individuals (Figure 14).

Figure 14. Scatter plot for the radius proximal epiphysis dimensions (mm) in red deer (Bp = breadth
of the proximal end; BFp = breadth of the proximal facies articularis; W II = Wietenberg culture,
phase II; LBA I= Late Bronze Age, phase I)—BFp metrics being shown on the plot.

The scatter plot of tibia distal epiphysis dimensions in red deer shows BFd values over
54 mm at the upper right of the distribution, which likely correspond to male individuals.
Conversely, the two BFd values under 44 mm, recorded in the W II and LBA I assemblages,
positioned at the lower left of the plot, could be attributed to females. The intermediate
values, with BFd ranging between 46 and 51 mm, probably reflect an overlap between the
two sexes across different levels, resulting from interpopulation variability (Figure 15). The
distal end of the tibia recorded at S, oimus, -Teleghi is generally larger than those documented
at other Starčevo-Cris, sites, such as Moldova Veche-Rât (Bd = 58 and 60 mm) [30] and
Miercurea Sibiului-Petris, (Bd = 58 mm) [35]. For the Vinča layer, the specimens from
S, oimus, -Teleghi display smaller values than those reported at Vinča-Belo Brdo (average
Bd = 56.1 mm) [36], but are larger than those documented at Liubcova-Ornit,a (average
Bd = 52.6 mm) and Gornea-Căunit,a de Sus (Bd = 50 and 53 mm) [30]. In the Bronze Age,
the distal tibia measurements from S, oimus, -Teleghi appear lower than those recorded at
Gornea-Păzăris, te (average Bd = 56.3 mm) [30].

The following astragalus measurements were recorded: for Starčevo-Cris, and Vinča
levels, one astragalus was measured in each assemblage, both with a GL of 57 mm; for
the W II level, six astragali were measured, yielding a GL range of 55–67 mm and an
average value of 59.2 mm; in LBA I, 12 astragali were recorded, with GL values ranging
from 58 to 65 mm and an average of 61.3 mm. For the Neolithic period, the astragali
measured at S, oimus, -Teleghi appear to derive from larger specimens than those from the
Tărtăria assemblage (52.2 mm) [34], but are smaller compared to those from Miercurea
Sibiului-Petris, (62 and 63.2 mm) [32] and Vinča-Belo Brdo (average GL of 60.8 mm) [36].

Dimensional variability of the first phalanx in red deer was assessed in only three of
the investigated assemblages. In W II, five specimens were measured, yielding an average
GL of 63.5 mm (minimum 61 mm; maximum 66 mm); in W III, only two specimens were
recorded, with GL values of 57 mm and 59 mm; in the LBA I level, a great dimensional
variability is evident, with GL values ranging from 55.5 mm to 68 mm and an average of
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62.6 mm (n = 6). The measurements taken in the S, oimus, -Teleghi assemblage appear larger
than the data documented at Pianu de Jos-Lunca Pârâului (average GL of 58.73 mm) [38].

Figure 15. Scatter plot for the tibia distal epiphysis dimensions (mm) in red deer (Bd = breadth of
the distal end; BFp = breadth of the proximal facies articularis; Starčevo-Criş=Starčevo-Criş culture;
Vinča= Vinča culture; W II = Wietenberg culture, phase II; LBA I = Late Bronze Age, phase I)—BFd
metrics being shown on the plot.

Wild boar (Sus scrofa)

The following measurements were recorded for the cephalic skeleton in wild boar:

- Vinča level: one mandible with the M3 length of 44 mm, larger than those from
Vinča-Belo Brdo (average length of M3 = 42.6 mm) [36], but smaller than the M3 from
Gornea-Căunit,a de Sus (average length of M3 = 45.5) and Liubcova-Ornit,a (average
length of M3 = 45.4 mm) [30];

- W II assemblage: five mandibles with an average M3 length of 46.4 mm (minimum
45 mm; maximum 47 mm), and one maxilla with the M3 length of 46.5 mm;

- W III assemblage: two mandibles and one isolated lower M3, with an average M3

length of 44.3 mm (minimum 41 mm; maximum 48 mm).

For the thoracic limb, the following measurements were recorded: in the Starčevo-
Cris, level, one scapula was measured with the LG of 38 mm and BG of 34 mm; in W III,
one scapula with LG of 42.5 mm and BG 36 mm; in Vinča, one distal humerus fragment
with Bd of 56 mm, which is larger than other humeri recorded at Miercurea Sibiului-
Petris, [32], Liubcova-Ornit,a [30] and Vinča-Belo Brdo [36] and smaller than the one from
Gornea-Căunit,a de Sus [30]; in W II, two distal humeri fragments with the Bd of 55 mm and
59 mm respectively, which seem to fall in range with the one from Ders, ida (Bd of 57.2 mm),
two proximal radius fragments with the Bp of 41.5 mm and 42 mm respectively, one distal
radius fragment with the Bd of 62 mm; in LBA I, one distal humerus fragment with Bd
of 50 mm, one distal radius fragment with Bd of 63 mm, a metacarpal III with the GL of
99 mm.

For the pelvic limb, one coxal with acetabular diameters of 37 mm and 35 mm was
measured in the W II assemblage. In W III, a coxal with diameters of 40 mm and 39 mm
was recorded, while in LBA I, a coxal with greatest/least diameters of 45/42 mm was
recorded. A calcaneus with the GL of 94 mm was recorded in the W II settlement, and
another specimen from W III yielded the GL of 125 mm.

Measurements of the proximal phalanx of wild boar were obtained only from the W II
assemblage, where five specimens were recorded with an average GL of 47 mm. Coming
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from the same level, there are two second phalanges (GL of 32 mm and 37 mm respec-
tively), and two third phalanges, both with the DLS value of 43 mm. In the LBA I sample,
two middle phalanges with GL values of 32 mm and 34 mm respectively were recorded.

For the pelvic limb, a scatter plot was constructed based on the tibia distal epiph-
ysis dimensions. By incorporating comparative metric data of pig (Sus domesticus), the
plot demonstrates a clear separation between the domestic form and its wild ancestor
(Figure 16).

Figure 16. Scatter plot for the tibia distal epiphysis dimensions (mm) in wild boar and pig
(BFd = under 32 mm) (Bd = breadth of the distal end; BFd = breadth of the distal facies articu-
laris; W II = Wietenberg culture, phase II; W III= Wietenberg culture, phase III; LBA I= Late Bronze
Age, phase I)—BFd metrics being shown on the plot.

The withers height was estimated only for wild boar from the W II, W III, and LBA
I levels. The highest value is recorded in the W III level, where the withers height of
1193.5 mm was estimated based on a calcaneus with the GL of 125 mm. A close value is
observed in LBA I, and the lowest one is documented in W II, at 903.96 mm (Table 19).

Table 19. Withers height estimations in wild boar (GL = greatest length).

Assemblage Anatomical Element GL (mm) Withers Height (mm)

W II calcaneus 94 903.96

W III calcaneus 125 1193.5

LBA I metacarpal III 99 1032.58

Roe deer (Capreolus capreolus)

The following measurements were recorded for the roe deer from Neolithic: In the
Starčevo-Cris, level, one coxal was measured, with acetabular diameters of 25 mm and
23 mm. In Vinča, two humerus distal fragments with the Bd of 25 mm and 27 mm, smaller
than the ones recorded at Miercurea Sibiului-Petris, (Bd of 29 mm) [32] and Vinča-Belo Brdo
(Bd of 30.2 mm) [36]; two radius distal fragments with the Bd of 24 mm and 28.5 mm,
similar with the measurements recorded at Tărtăria (25.6 mm) [34] and Vinča-Belo Brdo
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(27.2 mm) [36]; and one metatarsal with the GL of 210 mm, larger than the metarasal
recorded at Vinća-Belo Brdo (GL of 202.2 mm) [36].

For the Middle Bronze Age, the W II level yielded one mandible with the M3 length
of 16 mm; one radius distal fragment with Bd 29.5 mm, slightly larger than the one from
Ders, ida (27 mm) [34]; one tibia proximal fragment with Bp 41.5 mm; and one metatarsal
proximal fragment with the Bp of 22 mm. In W III, two mandibles with M3 lengths of 11 mm
and 16 mm, one radius proximal fragment (Bp 26.5 mm), and one tibia distal fragment (Bd
24 mm). In LBA I, one scapula with LG 24 mm and BG 21 mm and one proximal phalanx
with the GL of 41 mm.

Aurochs (Bos primigenius)

Few data are provided for this species, as follows: in the Starčevo-Cris, level, one distal
femur fragment with the Bd of 117 mm, and one calcaneus with the GL of 160 mm; in W II,
one proximal phalanx with the GL of 81 mm was recorded; in LBA I, one distal humerus
fragment with the BT of 96 mm, one calcaneus with the GL of 170 mm, and one proximal
phalanx with the GL of 78 mm. In the Neolithic, the calcaneus present at S, oimus, -Teleghi
shows a smaller length than the one recorded at Zăuan (163.2 mm) [34]. During the Bronze
Age, the measurements are generally larger than those recorded at other contemporaneous
sites, such as Foeni (Bronze Age level; humerus BT: 92 mm), Part,a (calcaneus GL: 168 mm),
and Moldova Veche-Ostrov (average phalanx I GL: 75.4 mm) [30].

Hare (Lepus europaeus)

In terms of osteometry, a single coxal was measured for this species in the LBA I
settlement, with the greatest/least diameters of 14 mm/13 mm.

For the other identified species (i.e., Equus asinus, Ursus arctos, Meles meles, Canis lupus,
Castor fiber, Vulpes vulpes, Mustela putorius, Lynx lynx, Equus ferus, and Equus hydruntinus),
the recovered remains did not provide metric data, being too scarce and too fragmented.

4. Conclusions
Across all discussed taxa, osteometric variability is high, but unevenly evaluated,

mainly as a result of the pronounced fragmentation and poor preservation of the remains
that limited the number of osteometric measurements available. Despite these constraints,
patterns of sex-related dimorphism, castration, and diachronic size variation can be identi-
fied in domestic and wild taxa, particularly Bos taurus, Ovis aries/Capra hircus, Sus domesticus,
Cervus elaphus and Sus scrofa.

The intermediate values of some dimensions observed in cattle skeletal remains (e.g.,
horncore and radius) suggest the presence of castrated individuals in the levels of Vinča,
Wietenberg, LBA I. These animals likely played a significant role within the communities,
consistent with traction-oriented cattle strategies. Based on withers height estimates, the
Middle Neolithic and Middle Bronze Age cattle are generally larger than those from the
Late Bronze Age. Furthermore, the cattle horncores from Vinča level, displaying a very
large basal circumference and a high flattening index, could indicate hybridisation between
domestic form and aurochs rather than simple sexual dimorphism. In the Early Neolithic,
the data recorded at S, oimus, -Teleghi generally indicate larger measurements than those
observed at comparable sites, while in the Bronze Age the measurements typically fall
within regional ranges.

Sheep show an increase in average withers height from Neolithic to LBA I, indicating
improved husbandry conditions, and even a possible selective breeding. In contrast, goats
from LBA I display considerable variability in withers height (approx. 580–750 mm),
suggesting more likely a mixed-sex herd. Individual measurements for sheep and goats
mostly fall within the regional ranges; however, the withers heights of Neolithic sheep
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at S, oimus, -Teleghi appear to be higher. In contrast, during the Bronze Age, sheep withers
heights from S, oimus, -Teleghi display values comparable to those documented at other
Bronze Age sites from Transylvania and Banat.

Comparatively, the pig measurements recorded at S, oimus, -Teleghi are more gracile than
the data recorded in other Hungarian sites, but are more robust than in other Transylvanian
settlements. Although limited, the postcranial data suggest relatively robust forelimb
elements (e.g., humerus and scapula), contrasted with more gracile distal limb elements
(e.g., tibia). The scatter plot for the pig scapula suggests a female-dominated population,
with males present, but rare.

The only dog specimen for which withers height could be estimated appears to
represent a small, below-average, gracile individual, recorded in LBA I level, and possibly
exploited for companionship rather than for specialised labour (e.g., hunting).

Although metric data are limited, the available evidence suggests that Bronze Age
horses from S, oimus, -Teleghi were generally small and gracile, as indicated by the low
gracility index and reduced withers height compared to other contemporaneous sites.

Hunting activities targeted male large individuals, indicating a skilled and selective
exploitation of wild resources.

Red deer cranial elements suggest slightly smaller individuals compared to some
contemporaneous sites, while postcranial data indicate generally robust specimens. These
contradictory data are most likely due to the small number of specimens measured.
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