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Introduction
The Petralona Cave was discovered in 1959, together 
with the first fossils in it. One year later, the well-known 
hominid skull was discovered by villagers. Since then, 
scientists from the Thessaloniki University have vis-
ited the cave and collected thousands of fossils, thus 
creating the “Old Collection”, which is housed in the 
Paleontological Museum of the Geology School, 
Aristotle University (LGPUT). The present commu-
nication deals with the re-examination of the “Old 
Collection” of rhinoceros and boar. This collection 
has been provisionally identified by Tsoukala (1989, 
1991) and re-numbered with the code PEC (Petralona 
Cave). On the other hand, data on a “New Collection” 
of rhino material from Petralona Cave have been 
published by Fortelius, Poulianos (1979, 1980) and 
Poulianos (1981), identifying Dicerorhinus cf. hem-

itoechus. Although we had no access to this material, 
the published information allowed comparisons with 
the fossils presented herein. 

The Pleistocene mammalian fauna of Petralona 
Cave, associated to the pre-neanderthal hominid skull 
(Stringer et al. 1979), has been repeatedly studied 
since 1960 (Kanellis 1962; Sickenberg 1964, 1971; 
Tsoukala 1989, 1991; Koufos, Tsoukala, 2007). 
The palaeofauna consists of 11 species of carni-
vores: Canis arnensis, Lycaon lycaonoides, Vulpes 
praeglacialis, Ursus deningeri, U. spelaeus, U. arc-
tos, Pliohyaena perrieri, Pachycrocuta brevirostris, 
Crocuta crocuta, Panthera leo fossilis and Felis 
silvestris (Baryshnikov, Tsoukala 2010); nine spe-
cies of herbivores: Equus petraloniensis Tsoukala, 
1989; Equus sp. (cabaline form); Bos primigenius 
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Bojanus,1827; Bison priscus Bojanus,1827; Capra 
ibex macedonica Sickenberg,1971; Pliotragus mac-
edonica Cregut & Tsoukala 2005; Praemegaceros 
sp.; Cervus elaphus Linnaeus 1758; Dama dama 
(Linnaeus 1758). These faunal remains, collected 
from the floor of the cave, belong to two main bios-
tratigraphic assemblages mixed together due to the 
action of flowing water. The former assemblage be-
longs to the early Middle Pleistocene, including spe-
cies with Villafranchian affinities (Crégut-Bonnoure, 
Tsoukala 2005), and the later belongs to the late 
Middle-Late Pleistocene. Based on carnivores, the 
collection is regarded to contain three biostrati-
graphic species-groups: early Middle Pleistocene, 
late Middle Pleistocene and Late Pleistocene group 
(Baryshnikov, Tsoukala 2010).

Preliminary results on the rhino and boar mate-
rial from the “Old Collection” (studied here) were 
presented by Kanellis (1962) and Sickenberg (1964, 
1971), whereas the first detailed study was presented 
in the doctoral thesis of Tsoukala (1989, 1991).

The aim of the present article is to provide de-
tailed descriptions of the Rhinocerotidae and Suidae 
of the Middle Pleistocene from Petralona Cave, 
Greece.

Materials and Methods
Details of the samples studied are presented in the 
text about each species.

The following abbreviations are used: abs.: ab-
solute; anat.: anatomical; ant. anterior; art.: articu-
lation; B: breadth, width; D: dextra (right); D/: de-
ciduous premolar; DAP: antero-posterior diameter; 
DDV: dorso-ventral diameter; dia.: diaphysis; dist.: 
distal; Right: right; DT: transversal diameter; L: 
length; H: height; H ant.: anterior height; i: inferior; 
L: length; max.: maximum; min: minimum; med.: 
medium; mid.: middle; M: molar; M1/: Upper, M/1: 
lower, Mc: metacarpal; Mt: metatarsal; n: number 
of specimens; P: premolar; post.: posterior; prox.: 
proximal; SD: standard deviation; S: sinistra (left); 
s: superior; sust.: sustentaculum tali; v: variation. 
The designation of teeth is fractional, the rank of the 
upper teeth is in the numerator and of the lower teeth 
in the denominator. All dimensions are in mm. 

Results and Discussion
Three principal species of European rhinoceros are 
known from the second half of Middle Pleistocene 
until the end of Late Pleistocene (Guérin 1980): 
Merck’s rhinoceros Dicerorhinus mercki (Kaup, 
1841), the steppe rhinoceros Dicerorhinus hemit-

oechus (Falconer, 1868) and the woolly rhinoceros 
Coelodonta antiquitatis (Blumenbach, 1799). During 
the first half of the Middle Pleistocene Dicerorhinus 
etruscus brachycephalus (Schroeder, 1903) was the 
dominant rhinoceros in Europe, sometimes associ-
ated with Merck’s rhinoceros (Guérin 1980, 2010). 
The steppe rhinoceros succeeded the former and 
all remains of the Petralona rhino correspond to 
Dicerorhinus hemitoechus.

Taxonomy
Order Perissodactyla Owen, 1848
Suborder Ceratomorpha Wood, 1937
Family Rhinocerotidae Owen, 1845
Genus Dicerorhinus Gloger, 1841
Dicerorhinus hemitoechus (Falconer, 1868)

Material: The “Old Collection” from Petralona 
Cave housed in Aristotle University with code 
LGPUT-PEC, comprises: Four D1/ PEC 951 left, 
952 left, 953 right, 954 right; one D2/ PEC 955 right; 
two D3/ PEC 956 right and 957 left; one D3/ or D4/ 
PEC 958 right, not measurable; one D4/ PEC 959 
right; one P2/ PEC 960 right; one P3/ PEC 961 right; 
one P4/ PEC 962 right; one M1/ PEC 963 left; three 
M2/ PEC 964 left, 965 right, 966 right; three frag-
ments of upper cheek teeth PEC 967, 968, 969, com-
pletely worn, not measurable; one fragment of semi-
mandible PEC 950, with D/2,D/3 and D/4 right; one 
D/1 PEC 980 left; an atlas PEC 970; one femur PEC 
975 left, distal part; two ulnae PEC 973 and 974 left, 
and a radius PEC 972 right, all representing the two 
thirds of the proximal part; one tibia PEC 976 left, 
distal epiphysis of a juvenile, unworkable; one cal-
caneum PEC 978 right; an astragalus PEC 977 right; 
a metapodial Mt3 PEC 979 left, distal half.

The above-described samples represented 30 
determinable remains, mostly isolated teeth, where-
as postcranial material was very limited. All mate-
rial belonged to Dicerorhinus hemitoechus. The only 
evidence to the presence of adult individuals and / or 
elderly were: a worn M2/, the calcaneus and the as-
tragalus, both with the same symmetry but not artic-
ulating together. In the Petralona material there were 
at least two adults or sub-adults rhinoceros, and at 
least four juveniles at various stages of growth.

The anatomical part that was best represented 
was the first upper deciduous premolar; there were four 
specimens: two right and two left. The degree of wear 
was very variable; therefore they did not belong to the 
same individual. There were three M2/, two of them 
unworn; therefore belonging to juvenile individuals; 
the same applied for all upper premolars and M1/. 

Systematics and Definitions: The classifica-
tion of the genus Dicerorhinus Gloger, 1841 within 
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the family Rhinocerotidae Gray, 1821, is much dis-
cussed and varies according to the various authors:

- Heissig (1973, 1989) assigned them to the 
subfamily Rhinocerotinae Dollo, 1885 and tribe 
Rhinocerotini Dollo, 1885;

- Groves (1983) assigned them to the subfami-
ly Rhinocerotinae Dollo, 1885, tribe Rhinocerotini 
Dollo, 1885, subtribe Rhinocerotina Dollo, 1885;

- Prothero and Schoch (1989) assigned them 
to the subfamily Rhinocerotinae Owen, 1845, tribe 
Rhinocerotini Owen, 1845, subtribe Dicerorhinina 
Ringström, 1924;

- Cerdeño (1995) assigned them to the subfamily 
Rhinocerotinae Owen, 1845, tribe Rhinocerotini Owen, 
1845, subtribe Elasmotheriina Bonaparte, 1845;

- McKenna and Bell (1997) assigned them 
to the subfamily Rhinocerotinae Gray, 1821, tribe 
Rhinocerotini Gray, 1821, subtribe Rhinocerotina 
Gray, 1821, infratribe Rhinoceroti Gray, 1821.

We consider (see also Guérin 1980; 1989; 
2010) that Dicerorhinus belongs to the subfamily 
Dicerorhininae Simpson, 1945 (the latter taxon was 
often attributed by Ringström 1924), and we do not 
feel the need to use for this kind of taxa intermediate 
rank between subfamily and the genus. 

Genus Dicerorhinus Gloger, 1841
Simplified synonymy: Didermocerus Brookes, 1828 (in-

validated in 1977, opinion 1080, International Commission of 
Zoological Nomenclature, published in a catalogue); Ceratorhinus 
Gray, 1868, junior synonym; Stephanorhinus Kretzoï, 1942, jun-
ior synonym; Procerorhinus Kretzoï, 1942, junior synonym.

Type Species: Dicerorhinus sumatrensis 
(Fischer von Waldheim, 1814)
Dicerorhinus hemitoechus (Falconer, 1868)

Simplified synonymy
Pro parte: 
- Rhinoceros leptorhinus Owen, 1846 and not 

Cuvier, 1822: R. leptorhinus sensu Owen, originally 
referred to both Dicerorhinus hemitoechus and D. 
mercki, two Pleistocene species, frequently confused 
for many years, each of which renders detailed syn-
onymy very complex. Rhinoceros leptorhinus sensu 
Cuvier in fact corresponds to the Pliocene species 
(Ruscinian) that is currently called Dicerorhinus 
megarhinus de Christol, 1834. Boyd Dawkins (1865, 
1867) was one of the first to realise that in Europe, in 
the Late and Middle Pleistocene, except the “woolly” 
rhino Coelodonta antiquitatis, two other distinct 
species were found: Dicerorhinus hemitoechus and 
Dicerorhinus mercki, and he respectively designated 
these Rhinoceros leptorhinus and Rhinoceros meg-
arhinus, when certainly the last pair corresponded 
to a Pliocene form, also distinct. About this series of 
confusions, see Guérin et al. (1969: 60-67).

- Rhinoceros subinermis Pomel, 1895: this is in 
fact the North African subspecies of D. hemitoechus.

- Rhinoceros binagadensis Dzhafarov, 1955.
Synonymy of the Petralona “Old Collection” rhino 

material: Rhinoceros mercki Jaeger (see Kanellis 1962); 
Didermoceros kirchbergensis (Jaeger) (see Sickenberg 1964); 
Didermoceros sp. (see Sickenberg 1971); Dicerorhinus hemit-
oechus (see Tsoukala 1989, 1991).

Holotype: The roof and the occipital part of 
skull n° 27838, figured by Falconer in 1868, pl. 15, 
Figs. 1-3, kept at the Natural History Museum in 
London. Locus typicus and stratum typicum: Clacton 
on Sea (Essex, Great Britain), zone MNQ 23.

Diagnosis: The steppe rhinoceros Dicerorhinus 
hemitoechus was a bicorn species, medium to large 
in size with sub-hypsodont cheek teeth, very likely 
following Dicerorhinus etruscus. Its size was about 
the size of Diceros bicornis, the extant African black 
rhinoceros. The skull was carried in mid-low or low 
position. The massive face was long, the nasal sep-
tum was ossified in its anterior part; seen in profile, 
the insertion of the posterior horn (frontal) was very 
little or not marked. The pseudo-auditory meatus was 
closed. The mandible with long symphysis; relative-
ly low and narrow horizontal branch with slightly 
convex ventral margin. M1/ and M2/ showed ec-
toloph profile strongly undulated, the paracone fold 
constituting the strongest undulation; crochet always 
present, crista frequent. P3/ and P4/ showed undulat-
ed ectoloph profile through folds of the paracone and 
metacone, and through mesostyle; crochet normally 
present; crista frequent; the middle fossette rarely 
closed; the protocone sometimes with constriction; 
labial cingulum quite common. The first segment of 
the limb was short. The preferred habitat was open 
grassland with clumps of trees. Diet based on grass-
es, leaves, twigs and young bark, was more eclectic 
than that of Merck’s rhino.

Temporal extension: D. hemitoechus appeared 
during the MNQ 23 zone of the Middle Pleistocene 
(Holstein or Hoxnian) and disappeared at the end of 
the MNQ 26 zone (Late Pleistocene), about 12.000 
to 10.000 years ago. Thus, the species existed a little 
less than 500.000 years.

Geographical distribution: D. hemitoechus 
was found throughout Europe (except for Ireland, 
Scotland and Scandinavia); Western Asia and North 
Africa. In the Middle East, we could verify its pres-
ence in Lebanon at Naamé, in Jordan at Azraq, in 
Israel and Palestine at Biq’at Quneitra, Geula, 
Kebara, Skhul, Tabun; it extended to Maghreb – 
North Africa during the Late Pleistocene, probably 
passing through the Strait of Gibraltar. In Greece, D. 
hemitoechus was best documented from Petralona 
Cave with many specimens; whereas few specimens 
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were recorded from Megalopolis (Peloponnese), an 
upper third molar and two lower teeth were described 
by Melentis (1964,1965a); and a single specimen 
was found from Peneios, Larissa in Thessaly by 
Boessneck (1965), but its presence there is question-
able (Symeonidis et al. 2006). The steppe rhinoceros 
was sometimes associated with Merck’s rhinoceros 
(in France for example, in the Arago Cave, Pyrénées-
Orientales, and at Biache-Saint-Vaast, Pas-de-
Calais), more rarely with the woolly rhinoceros (e.g. 
in three sites in Montmaurin, Haute-Garonne, in 
France: the Boule, the Terrasse and the Coupe-Gorge 
Caves), and it seems that the three species were sym-
patric (La Fage, Corrèze, France). Paleolithic man 
has portrayed it, in the famous wall painting of the 
“scene of the well” in the Lascaux Cave.

Anatomy
The reference material used for the comparative dia-
grams was the average of 30 to 40 adult individuals of 
the extant Diceros bicornis, the African black rhinoc-
eros (values from Guérin (1980), with additional data 
from newly-examined specimens, see Guérin 2010). 

Upper teeth: The upper cheek teeth of the 
Rhinocerotidae are typically lophodonts with three 
blades; a transverse anterior protoloph joining proto-
cone and paracone; a longitudinal lateral ectoloph join-
ing paracone and metacone; and a transverse posterior 
metaloph joining metacone and hypocone. Interior of 
the three blades, internal folds can be: the end of the 
crista of the ectoloph, the end of the crochet of the met-
aloph and the end of the anticrochet of the protoloph. 
These folds, by fusing their extremities, may form a 
more or less completely closed medial fossette. 

The upper cheek teeth of the Petralona mate-
rial includes a total of four D1/, one D2/, two D3/, 
one D3,4/, one D4/, one P2/, one P3/, one P4/, one 
M1/, three M2/ and three indeterminable fragments. 
All with a rounded occlusal pattern, somewhat cha-
grined enamel or not, a thick cement (but it might be 
not very well preserved), a clear hypsodonty, and a 
certain lengthening of the internal folds increasing 
the wear surfaces. All these characters are present in 
Dicerorhinus hemitoechus. 

The comparative dimensions of the upper 
cheek teeth from Petralona Cave are given in Table 
1; all perfectly fit and within the limits of variation 
of Dicerorhinus hemitoechus. To quantify the hyp-
sodonty for each unworn or slightly worn tooth, we 
calculated the hypsodonty index: 100 x H/L; the 
height (H), in most cases, is somewhat undervalued, 
especially for dental buds it is very difficult to know 
if they were completely developed to their base. 
For each category of the teeth, the really significant 

were the highest values. Both Dicerorhinus species 
could be distinguished from each other and from 
Coelodonta antiquitatis by the dimensions, propor-
tions and the morphological characters of their teeth 
with the ectoloph profile being the most discriminat-
ing character. In D. hemitoechus the ectoloph of the 
molars was undulated (more for P3/ and P4/ in which 
the ripples were formed by the fold of paracone, the 
mesostyle and the fold of metacone). In D. mercki, 
molars were very large, their enamel was thick and 
smooth, the profile of their ectoloph was almost flat 
with a series of small vertical ripples, very soft; the 
premolars were also very large, P3/ and P4/ hade a 
flat or slightly convex profile of the ectoloph lack-
ing sharp creases. In Coelodonta antiquitatis the up-
per cheek teeth had a more angular shape occlusal, 
the enamel was very chagrined and the profile of the 
ectoloph was different, intensely undulating with a 
projecting parastyle, with a small fold of paracone 
but clearly framed by two vertical depressions, a 
broad and projecting mesostyle, and a more or less 
divergent metastyle (Guérin 1980).

Upper deciduous teeth: Built as the perma-
nent cheek teeth, which they differred from mainly 
in their brachyodonty and especially in their thin 
enamel. 

D1/ were not rare in this species since we ob-
served a total of 14 specimens, and four were collect-
ed at Petralona. The specimen PEC 952 was middle 
worn. On the intensely convex ectoloph, the fold of 
paracone was well marked. The crochet was strong, 
the crista and the anticrochet were weak. There was 
a continuous lingual cingulum. The protoloph was 
notched at its contact with the ectoloph (Fig. 1 A). 
D1/ PEC 951: little abraded, distinguished by the ab-
sence of the anticrochet and the closed median valley 
at its opening (Fig. 1 B). D1/ PEC 953: unworn, the 
maximum height of the ectoloph was 16.8 mm, its 
hypsodonty index reached 60. The only internal fold 
was the crochet. The lingual cingulum was discon-
tinuous (Fig. 1 C). D1/ PEC 954: part of a juvenile 
tooth row (Fig. 1 N), characterised by its thin but 
continuous protoloph, without notch. The parastyle 
was very detached. Crista and crochet were present 
but very small. The posterior cingulum was very in-
tense and lingually very high.

D2/: There was a single specimen, PEC 955 
that was part of the juvenile tooth row of Fig. 1 N. 
It was middle to heavy worn. The ectoloph had un-
dulate profile, with a strong fold of paracone. The 
crochet was multiple, the crista and the anticrochet 
were present but small. There was no constriction of 
protocone. The lingual cingulum was continuous.

D3/: There were two specimens, from which 
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PEC 956 was part of the tooth row in Fig. 1 N. The 
wear stage was middle. The ectoloph was strongly 
undulated with strong fold of paracone. The crocet 
was multiple, the crista rather low. The constriction of 
protocone was very strong, the lingual cingulum was 
discontinuous. PEC 957 showed no signs of wear. 
On the ectoloph, the fold of paracone was strong. 
Crista and crochet were present and distally conflu-
ent forming a closed medial fossette. The protocone 
was constricted. There was no lingual cingulum (Fig. 
1 D). The maximum height of ectoloph was 36.5 mm, 
which gave an index of hypsodonty 79.3. The hyp-
sodonty of D3/ in D. hemitoechus varied from 71.1 
to 83, the average for seven specimens = 79.2. In two 
individuals of D. mercki this index was 72.3 and 79.3 
(mean value= 75.8). In C. antiquitatis it varied from 
68.1 to 75.3, the average for seven specimens = 71.4

D4/: There was a single specimen, PEC 959, 
with no trace of wear (Fig. 1 F). D4/ had the same 
morphological features as D3/, including an identi-
cal profile of ectoloph (Fig. 1 E). The crochet was the 
only internal fold. The constriction of protocone was 
very strong. There was a lingual discontinuous cingu-
lum. Its height was 43 mm, giving an index of hypsod-
onty 84.3. The hypsodonty of D4/ in D. hemitoechus 
ranged from 74.4 to 89.6, average for 16 specimens = 
81.9. For two specimens of D. mercki it reached 78.3 
and 85.7, mean = 82. In C. antiquitatis it varied from 
69.1 to 95.8, average for ten specimens = 82.9.

Upper premolars: The upper premolars have 
the same shape as molars and they are distinguished 
mainly by their smaller size, their stronger hypsod-
onty, and an opening of the lingual valley more dis-
tant from cervix. 

P1/ are rare for this species: we know of only two 
examples: one from the Castillo cave in Spain and the 
other from the Gîte des Moulins in Monaco (Guérin 
1980). It has not been found in Petralona. P2/: There 
was a single specimen, PEC 960, unworn. The profile 
of ectoloph was generally convex, with clear fold of 
paracone. The protoloph was notched in contact with 
ectoloph. The crochet was the only internal fold, but it 
is multiple. The protocone was not constricted. There 
was discontinuous lingual cingulum (Fig. 1 G). 

The height of 40.5 mm provided an index of 
hypsodonty of 126.6. The hypsodonty for D. hemit-
oechus ranged from 111.6 to 133.8, average for eight 
specimens = 122.1. In D. mercki, the index was 131.6 
to 149.4, average for three specimens = 142.4. In C. 
antiquitatis it varied from 117.5 to 151.7, average 
for 20 specimens = 133.9.

P3/: A single specimen was available, PEC 961 
(Fig. 1 H). The profile of ectoloph was undulated 
with intense fold of paracone, weak mesostyle and 

small fold of metacone. With multiple crochet, but 
neither crista nor anticrochet. The protocone showed 
no sign of constriction. With continuous lingual 
cingulum. The height of 59.7 mm provided an in-
dex of hypsodonty of 142.1. The hypsodonty for D. 
hemitoechus was from 104.2 to 148.1, average for 
16 specimens = 121.8. For D. mercki it varied from 
127.3 to 146.9, average for four specimens = 140. In 
C. antiquitatis it varied from 128.2 to 167.1, average 
for 37 specimens = 147.5.

P4/: A single P4/ PEC 962 (Fig. 1 I), unworn, 
probably from the same individual as P3/ PEC 961. 
The profile of ectoloph was undulated, very similar 
to P3/. The crochet was the only internal fold. There 
was no constriction of protocone. The lingual cin-
gulum was continuous. The dimensions of the P4/ 
corresponded to the average values of the species 
(Table 1). The height of 61.5 mm corresponded to an 
index of hypsodonty of 133.7. The hypsodonty for 
D. hemitoechus ranged from 113.6 to 153.5, average 
for 12 specimens = 134.1. In D. mercki it was be-
tween 114.8 and 132.8, average for four specimens 
= 126.9. In C. antiquitatis it varied from 106.8 to 
169.8, average for 32 specimens = 144.6.

Upper molars: No M3/ were found in the 
Petralona “Old Collection”. 

M1/: A single specimen PEC 963, slightly worn 
(Fig. 1 K). The profile of ectoloph undulated, like 
in P3/ and P4/, with thicker and stronger mesostyle. 
The crochet was the only internal fold. The protocone 
was constricted. There was no lingual cingulum. 

The height was 66.5 mm, and the hypsodonty in-
dex reached 118.8. The hypsodonty for Dicerorhinus 
hemitoechus ranged from 100 to 124.5, average for 
ten specimens = 111.6. In D. mercki the variation 
was of 100.8 to 113.9, 3, average for three specimens 
= 109.2. In Coelodonta antiquitatis it ranged from 
94.6 to 125, average for twelve specimens = 115.2.

M2/: There were three specimens: a well abraded 
PEC 966 (Fig. 1 J) and two unworn PEC 964, 965 (Fig. 
1 L and M respectively). M2/ was built like M1/ and 
had the same anatomical features: the fold of paracone 
was small but clear (on PEC 966, it was much stronger 
in 4 cm above cervix than in 2 cm), the crochet was 
strong, with crista, which tended to converge with the 
crochet occlusally resulting in almost closed (PEC 964 
and 965) or completely closed (PEC 966) medial fos-
sette; constriction of protocone variable, stronger in 
PEC 966. There was no lingual cingulum on PEC 966, 
unlike the other two M2/. The height was 72 mm for 
PEC 964 and 74.5 mm for PEC 965, corresponding 
to the hypsodonty indices 117 and 121.1, respectively. 
The hypsodonty in D. hemitoechus ranged from 103.9 
to 121.8, average for eight specimens = 111.7. For D. 
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mercki variation was 92.6 to 115, average for seven 
specimens = 108.1. In C. antiquitatis it ranged from 96 
to 130.6, average for 20 specimens = 118.5.

Lower teeth: As in all Rhinocerotidae, they 
consisted of an anterior lobe crescent (paralophid 
and protolophid) and a posterior lobe half-crescent 
(metalophid and hypolophid); in D/1 the anterior 
lobe was atrophied. All had smooth or slightly wrin-
kled enamel, cementum (that may have not been pre-
served), a significant hypsodonty, and a rounded oc-
clusal contour. Molars without side cingula, bearing 
V-shaped valleys with enough high difference of the 
level between the two valleys; the anterior still being 
higher from cervix than the posterior one. Premolars 
had acute V-shaped valleys with large difference in 
level, and without side cingulum. Their comparative 
dimensions are given in Table 2. 

The lower cheek teeth of the two Dicerorhinus 
differred from those of Coelodonta by their more 
rounded wear boards, their smooth or slightly wrin-
kled enamel and their not rare lateral cingula, where-
as characteristic of D. mercki were the high volume 
of the molars that hade generally lingual U-shaped 
valleys and the large width of the premolars.

Lower deciduous teeth: They have the same 
characteristics as the lower permanent cheek teeth un-
less they are less hypsodont, their enamel is thinner 
and the two lingual valleys are sometimes U-shaped, 
generally with low difference of levels. In Petralona 
material, they comprised only an isolated D/1 and 
a mandible fragment of juvenile with the tooth row 
D/2-D/3-D/4. Their dimensions are given in Table 2.

D/1: It is a tooth, rarely found in D. hemitoe-
chus, but there was a slightly worn specimen from 
the Petralona Cave material (Fig. 1 O). The anterior 
valley was barely outlined.

D/2: The tooth of the mandible PEC 950 was 
middle worn, characterised by its closed posterior 
valley (Fig. 1 P). 

D/3: It was middle worn. Both lingual valleys 
were about at the same level. There was no lingual 
cingulum (Fig. 1 P). 

D/4: The wear stage was medium to little worn. 
The two lingual valleys, whose transverse profile was 
broad V, showed clear difference in level relatively 
to cervix (Fig. 1 P). Without lingual cingulum.

Postcranial skeleton
Atlas: The first cervical was almost complete. 

Foramen magnum was large and alae well devel-
oped. The ventral arch bore a strong ventral tubercle 
and a well-developed dent (Fig. 2). The transverse 
diameter of the cranial articular facet was 130.6 mm, 
from the caudal was 140 mm, from the foramen 

magnum was 58 mm (posteriorly) and the maximum 
height of vertebra was 102 mm.

Femur: The distal femur was well preserved. 
The medial brim of the broad assymetrical trochlea 
was much stronger than the lateral one forming an 
angle of about 102o. In the middle of its distal part 
with distinct foramen. There was a strong latero-distal 
depression between the lateral brim of trochlea and 
the sulcus popliteus (Fig. 3). The epicondylii were 
intense, the medial being much stonger than the later-
al. Both diameters of the distal epiphysis, transverse 
(137.8 mm) and anteroposterior (151.3 mm), close to 
the average for a sample of 11 to 18 specimens of D. 
hemitoechus, fitting perfectly in the range of varia-
tion for this species. These values were significantly 
lower than the averages calculated for a sample of 
6-8 specimens of D. mercki, and 20 to 39 specimens 
of C. antiquitatis from Europe (Guérin 1980).

Ulna: The two left ulnas with preserved proxi-
mal two thirds, whereas from both, most of the ole-
cranon tip was missing. In the middle of the assy-
metrical large articulation there was a deep and broad 
depression (Fig. 4). The section of diaphysis is trian-
gular. The transverse diameters of the proximal ar-
ticular facet 82 mm for PEC 974 and 88 mm for PEC 
973 which was close to the average for a sample of 
10 specimens of D. hemitoechus, fitting perfectly in 
the range of variation for this species. These values 
were also significantly lower than the averages of the 
two specimens of D. mercki, and 30 specimens of C. 
antiquitatis from Europe (Guérin 1980).

Radius: The proximal two-thirds of a right ra-
dius were found among the remains of the Petralona 
rhinoceros. Guérin (1980) established as typical 
main characters of the proximal epiphysis of the 
radius for D. hemitoechus that the lateral articular 
surface for humerus was slightly extended trans-
versely; its anterior border was set back from the 
anterior edge of the medial articular surface, and its 
posterior edge was straight and oblique; the poste-
rior border of the entire articulation formed a widely 
obtuse angle; the anterior border of the humeral ar-
ticulation was intensely undulating, with a strong 
re-entrant corresponding to the coronoid process 
(Fig. 5 A). In front view the proximal epiphysis bore 
a well-developed lateral tuberosity. On the medial 
side a small tuberosity also existed. The epiphysis 
in Petralona specimen had all these characteristics 
(Fig. 5 B). Both diameters of this epiphysis, trans-
verse and anteroposterior, were slightly above the 
average for a sample of 21 to 22 specimens of D. 
hemitoechus, but were placed perfectly in the range 
of variation in this species. The transverse diameter 
was equal to the minimum value of a sample of 20 
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Fig. 1. Petralona Dicerorhinus hemitoechus, cheek teeth, occlusal view (A-O), with ectoloph profiles at the height (in 
cm) from the collar of the tooth noted on the right. 
A: D1/ PEC 952 (left); B: D1/ PEC 951 (left); C: D1/ PEC 953 (right); D: D3/ PEC 957 (left); E: D3/ PEC 958 (right); 
F: D4/ PEC 959 (right); G: P2/ PEC 960 (right); H: P3/ PEC 961 (right); I: P/4 PEC 962 (right); J: M2/ PEC 966 (right); 
K: M1/ PEC 963 (left); L: M2/ PEC 964 (left); M: M2/ PEC 965 (right); N: Upper deciduous cheek tooth row with D2/ 
PEC 954, D3/ PEC 955 and D4/ PEC 956 (right). O: D/1 PEC 980 (left). Scale bar: 20 mm.
P: Mandible fragment with D/2-D/4 PEC 950 (right), lingual view. Scale bar: 50 mm
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specimens of D. mercki, whereas the anteroposte-
rior diameter was less than the minimum value ob-
served in 17 specimens of the same species. Finally, 
these values were significantly lower than the aver-
ages calculated on a sample of 109 to 111 speci-
mens of C. antiquitatis from Europe, although the 
two dimensions of the Petralona radius were higher 
than the minimum values found in the woolly rhi-

noceros (Table 3). Fig. 6 reveals the situation of the 
Petralona radius inside the cloud of points corre-
sponding to D. hemitoechus, and shows that it was 
among the strongest specimens of the species; the 
cloud is also highly individualised and distinct from 
the other two species. The diagram did not distin-
guish D. mercki from C. antiquitatis because it did 
not take into account the length of the bone, which is 
the most discriminating variable for radius (Guérin 
1980, 2010). The cloud of points corresponding to 
D. etruscus brachycephalus (39 specimens) was 
much more extensive than that of D. hemitoechus, 
which included completely the latter.

Calcaneum: A well-preserved calcaneus was 
collected from Petralona Cave. It did not articulate 
with astragalus and, therefore, belonged to a differ-
ent individual. It presented the characteristic features 
of the D. hemitoechus calcaneum (Guérin 1980): in 
lateral view there was a strong difference in height 
between the most proximal point of the bone and the 
most anterior point of the tuberosity. The develop-
ment of the proximal tuberosity forward was poor, 
much lower than that of the beak. The distal border 
was little developed, slightly oblique, and slightly 
concave. In posterior view, the axis of the sustentac-
ulum tali was perpendicular to the axis of the corpus 
of the bone. The sustentaculum was well developed 
transversely, its end was thin and rounded (Fig. 5 C 
and D). The dimensions of the Petralona calcaneus 
were close to the average, within limits of the varia-

Fig. 4. Petralona Dicerorhinus hemitoechus. Ulna PEC 973 
(left). Anterior view. Scale bar: 100 mm. 

Fig. 2. Petralona Dicerorhinus hemitoechus. Atlas PEC 970. 
A. Cranial, B. Ventral, C. Caudal view. Scale bar: 40 mm

Fig. 3. Petralona Dicerorhinus hemitoechus. Distal femur 
PEC 975 (left). Distal view. Scale bar: 40 mm
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tion for 24 to 33 specimens of D. hemitoechus (Table 
4); all were lower than the average recorded for a 
sample of 52 to 70 specimens of C. antiquitatis from 
Europe, and less than or very close to the minimum 
values observed for 12-19 specimens of D. mercki. 

Fig. 7 represents a Simpson diagram of the 
Petralona calcaneus compared to extreme values 
for D. hemitoechus and averages for D. mercki, C. 
antiquitatis and D. etruscus brachycephalus; all in-
dividual variables were within D. hemitoechus vari-
ation; it was close to the average values observed 
in the latter. The Petralona specimen was near the 
average values of D. e. brachycephalus (23-29 spec-
imens), but its height and the DT of the tuberosity 
(variable 1 and 5, Fig. 7) were greater, whereas the 
DAP, its tuberosity and the DT above the sustentacu-
lum tali (variables 2 and 6, Fig. 7) were lower. 

Astragalus: Only a single, well preserved 
specimen. It had the morphological characteristics 
that were retained by Guérin in 1980 as features of 
the D. hemitoechus astragalus: anteriorly trochlea 
was not very wide but deep (Fig. 8 A); the slope 
of the medial lip was intense, the axis of the tro-
chlea was well oblique. In medial aspect, the distal 
massive tubercle was poorly individualised, near 
the distal border and posteriorly. In distal aspect 
(Fig. 8 B), the front edge of the distal articulation 
was weakly depressed in the center. The articular 
facet for cuboid was not longer than the articular 
facet for navicular and its front edge was just barely 
shifted forward. The maximum width of the bone 
was slightly lower than the average of a sample of 
D. hemitoechus of 48 specimens to a height greater 
than the average of 51 specimens; the other vari-
ables were close to the average of 41 to 53 individu-
als of the species (Table 5). Except for the height, 
these dimensions were well below the average of 
a sample of 81 to 109 specimens of C. antiquitatis 
from Europe. All were below the minimum values 
of 33-43 astragali of D. mercki. 

Fig. 9 is a Simpson diagram of the Petralona 
astragalus compared to extreme values for D. hemi-
toechus and averages for D. mercki, C. antiquitatis 
and D. etruscus brachycephalus; for all variables the 
Petralona astragalus was placed within the limits of 
variation of D. hemitoechus, but its height was rela-
tively higher, among others with respect to the av-
erage profiles of D. mercki and C. antiquitatis. The 
average values of D. etruscus brachycephalus (31-
39 specimens) were close to those of the Petralona 
specimen but the latter was higher, and its distal 
transverse diameters were stronger (variables 2, 5 
and 7, Fig. 9); however the DAP at the medial lip 
and the distance of the summits of the two brims in 
frontal view (variables 3 and 6, Fig. 9) were weaker 
in Petralona specimen than in D. e. brachycephalus.

Metapodial: Only a distal part from middle 
diaphysis of the third metatarsal was preserved, with 
the distal articulation little eroded (Fig. 10 A). The 
section of diaphysis semi-elliptical with anterior 
border slightly convex and posterior slightly con-
cave (Fig. 10 B). The tranverse diameter 2.3 times 
larger than the anteroposterior. Both diameters of the 
distal robust epiphysis, transverse (56.18 mm) and 
anteroposterior (47.4 mm) were close or exceeded 
slightly the maximum values for a sample of 14 to 
16 specimens of D. hemitoechus. These values were 
significantly lower than the averages calculated in a 
sample of 10 to 11 specimens of D. mercki, and were 
close to the averages of 76 to 74 specimens of C. 
antiquitatis from Europe (Guérin 1980).

Fig. 5. Petralona Dicerorhinus hemitoechus: A, B: Radius 
PEC 972 (right). A: anterior, B: proximal view. C, D: Cal-
caneum PEC 978 (right), C: anterior, D: posterior view. 
Scale bar: 50 mm
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Conclusion of the anatomical study 
All morphological and biometric characters of 
the Petralona rhinoceros allowed attributing it to 
Dicerorhinus hemitoechus, a species that was wide-
spread in the Mediterranean area, Southern Europe, 
(Lacombat 2005).

Within this species, Guérin (1980) recognised 
two evolutionary stages Middle and Late Pleistocene 
age, perhaps corresponding to two successive sub-

species (Azzaroli 1963). Currenttly, there is no suf-
ficient material available to support any of the two 
hypotheses.

Due to the limited amount of the anatomical 
material found in Petralona, the trends between the 
Middle and the Late Pleistocene are the following:

- Reduction of the width and the length of the 
upper premolars, increasing the size of the upper 
molars; 

Fig. 6. Dispersal diagram of radius, proximal diameters (transverse to antero-posterior): solid square: Petralona; solid 
rhomb: Dicerorhinus hemitoechus (Falconer, 1868); open triangle: Dicerorhinus mercki (Jaeger 1839, Kaup 1841), 
open rhomb: Coelodonta antiquitatis (Blumenbach, 1799) and open circle: Dicerorhinus etruscus brachycephalus 
(Schroeder 1903)

Fig. 7. Simpson diagram of calcaneum: mean values of the Petralona Dicerorhinus hemitoechus (Falconer, 1868), 
compared with minimum and maximum values of D. hemitoechus, average values of Dicerorhinus mercki (Jaeger 
1839), Coelodonta antiquitatis (Blumenbach, 1799) and Dicerorhinus etruscus brachycephalus (Schroeder, 1903). The 
variables on the X axis are the same and in the same order as in Table 4 (see Appendix). For reference population, see 
Guerin 1980, updated here
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- Significant reduction of the width of the lower 
premolars and significant increase in the length of 
the lower molars; 

- Elongation of the calcaneus with enlargement 
of tuber and stretching its beak forward; these three 
dimensions correspond to the least significant differ-
ences (Fig. 7); 

- Highly significant increase of the height and 
width of the astragalus (Fig. 9).

This is the form of Middle Pleistocene that the 
remains of the Petralona D. hemitoechus are attrib-
uted to. 

Remarks
Fortelius, Poulianos (1979) described other rhino 
remains from Petralona Cave, which are not stored 
at the Paleontological Museum of Thessaloniki 
University, but in the exbibitional place next to the 
cave, with no access. They fall into two groups: 
“Crenian”, which would be equivalent to Cromerian 

(MNQ 21), and “Petralonian”, which is equivalent 
to Mindel (MNQ 22). This is essentially a large frag-
ment of the skull (badly and incorrectly reconstruct-
ed) with the skull roof retained behind the frontal 
horn up to the large occipital crest and with part of 
the maxilla with P4/ – M3/ left and M1/ – M3/ right. 
The teeth are much worn and show an elderly in-
dividual; a left maxilla fragment with D2/ -D4/ of 
juvenile; three complete isolated cheek teeth a D3/, 
a P/3 and a M2/; a right mandible fragment; a radius 
left proximal fragment; a femur right distal frag-
ment; three tibiae, one of which a complete right; 
a complete left calcaneus. This additional material 
corresponds to at least two adult individuals and two 
juveniles (Fortelius, Poulianos 1980, Poulianos 
1981). Fortelius et al. (1993) continued to interpret 
the rhino Petralona as belonging to “Stephanorhinus” 
hemitoechus. Later, most authors, notably Tsoukala 
(1989, 1991) and Symeonidis et al. (2006) consid-
ered that it pertained to the latter species.

Order Artiodactyla Owen, 1848
Suborder Suiformes Jaeckel, 1911
Family Suidae Gray, 1821
Genus Sus Linnaeus, 1758
Sus scrofa Linnaeus, 1758
Sus scrofa priscus Goldfuss, 1832

Material: One M3/ PEC 921 left; one M3/ 
frag. PEC 922 left, anterior lobe; Cs PEC 933 left; 
two I1/: PEC 932 and 934 right; one lower tooth row 
PEC 920 with P/3-M/3 left; one P/3 PEC 931 left; 
one M/1 PEC 930 right; three M/2: PEC 927 right, 

Fig. 8. Petralona Dicerorhinus hemitoechus. Astragalus PEC 
977 (right). A. anterior, B. distal view. Scale bar: 40 mm

Fig. 9. Simpson diagram of astragalus: mean values of the Petralona Dicerorhinus hemitoechus (Falconer, 1868), 
compared with minimum and maximum values of D. hemitoechus, average values of Dicerorhinus mercki (Jaeger 
1839, Kaup 1841), Coelodonta antiquitatis (Blumenbach, 1799) and Dicerorhinus etruscus brachycephalus (Schroe-
der, 1903). The variables on the X axis are the same and in the same order as in Table 5 (see Appendix). For reference 
population see Guerin 1980, updated here
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928 left and 929 right; three M/3 right: PEC 923, 
924 and 926; four Ci PEC 935, 937 right and 936, 
1606 left; two I/2: PEC 938 left and 939 right; three 
I/1: PEC 940, 941 left, 942 right; one distal humerus 
PEC 949 right; one axial phalanx I PEC 948. 

Systematic and definitions: The classification 
of the genus Sus Linnaeus, 1758 within the family 
Suidae Gray, 1821 is an object of a consensus. All 
authors place the genus into the subfamily Suinae 
Gray, 1821.

Genus Sus Linnaeus, 1758
Simplified synonymy: Grubb (1993) gave a 

list of eight generic synonyms; all are unutilised for 
a long time.

Type-species: Sus scrofa Linnaeus, 1758
Sus scrofa Linnaeus, 1758
Simplified synonymy: Grubb (1993) provided 

a long list of specific synonyms. Many correspond 
in fact to the geographical extant sub-species of Sus 
scrofa, whose distribution area is huge.

Holotype: Not designated.
Sus scrofa priscus Goldfuss, 1832

Simplified synonymy: Sus scrofa mosbachen-
sis Küthe, 1933, recent synonym. 

Synonymy of Petralona “Old Collection” suid mate-
rial: Sus choeroides Pomel (see Kanellis 1962); Sus sp. (see 
Sickenberg 1964); “Sus scrofa priscus?” (see Sickenberg 1971); 
Sus scrofa scrofa Linnaeus, 1758 (see Tsoukala 1989; 1991).

Holotype: The skull, described and figured by 
M. de Serres Dubreuil et Jeanjean (1835-1839, p. 
134-142, pl. XI) and preserved at the University of 
Montpellier, constitutes the lectotype. Locus typicus 
and stratum typicum: Lunel-Viel Caves (Hérault), 
early Middle Pleistocene, zone MNQ 23.

Diagnosis: Wild hog of large size, which dif-
fers from the recent forms mainly by its stronger and 
simpler cheek teeth. 

Spatio-temporal extension: The modern 
Eurasian wild hog Sus scrofa first appeared in the 
beginning of Middle Pleistocene (zone MNQ 20) as 
the primitive subspecies Sus scrofa priscus Goldfuss, 
1832 (see also de Serres Dubreuil et Jeanjean, 1835-
1839). We verified the presence of Sus scrofa priscus 
in many localities around Europe, and Hünermann 
(1969) has reported a few others:

- France: at Le Vallonnet (Alpes-Maritimes, 
MNQ 20), in Châlon-Saint-Cosme (Sâone-et-Loire, 
MNQ 20  ?), Ceyssaguet (Haute-Loire, MNQ 20), 
at Abbeville in the Carpentier quarry (white marl, 
MNQ 21) (Antoine et al. 2015), in the Caune de 
l’Arago at Tautavel (Pyrénées-Orientales, MNQ 22), 
in La Nautérie at La Romieu (Gers, MNQ 22  ?), 
in Lunel-Viel (Hérault, MNQ 23), in Montsaunès 
(Haute-Garonne, MNQ 23  ?). Hünermann (1969) 
also indicated Sainte-Suzanne and Saint-Didier; 

- Great-Britain: Forest Bed, especially at Corton 
(Suffolk), Pakefield, East Runton, West Runton 
(Norfolk), Sidestrand, Trimingham. All these sites 
are mainly from the MNQ 21 biozone;

- the bottom of the North Sea (drainage by 
trawlers): between 51, 35, 49o and 51, 38, 49° of lati-
tude North and 3, 01, 39° and 3, 08, 35° E;

- Germany: at Mauer (MNQ 21), Mosbach 
(MNQ 20 and 22), Süssenborn, Voigtstedt and 
Untermassfeld (Guérin, Faure 1997), at Weimar-
Ehringsdorf (Hünermann 1975), Taubach 
(Hünermann 1977), Burgtonna (Hünermann 1978) 
and in the valley of Lippe (Rhine, MNQ 22). 
Hünermann (1969) had already indicated Sundwig, 
too;

- Italy: Palombara Marcellina (Hünermann 
1969);

- Hungary: Beremend and Gombaszög 
(Hünermann 1969);

- Greece: Megalopolis (Peloponnese) (Melentis 
1965b).

Anatomy
The suid material represented 25 determinable re-
mains, mostly isolated teeth; postcranial material 
was very limited. All material belonged to Sus scrofa 
priscus. 

Fig. 10. Petralona Dicerorhinus hemitoechus. Distal Mt3 
PEC 979 (left). A. Cross section at about the middle of 
diaphysis, B. anterior view. Scale bar: 20 mm
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Upper cheek teeth: One complete and one ante-
rior fragment of the last molar, the former, an isolated 
left M3/ PEC 921 (Fig. 11 D) was slightly worn and 
characterised by five principal tubercles arranged in 
two successive pairs followed by a single caudal tu-
bercle shifted lingually. The secondary tubercles were 
numerous, distributed between the rows of the main 
tubercles and on the anterior and lingual cingula. 

The length of the tooth was 40.4 mm and its 
anterior width was 25 mm. These values were re-
spectively 40.6 and 23.61 mm (averages for 18 in-
dividuals) in S. scrofa priscus, 38.23 and 21.18 mm 
for 77 and 76 specimens of Sus scrofa from the up-
per Middle and Late Pleistocene of Western Europe, 
35.92 and 21.27 mm for 45 specimens of extant Sus 
scrofa from Europe and the Middle East.

Fig. 11. Petralona Sus scrofa priscus. Cheek teeth. A-C: mandible fragment with P/3-M/3 PEC 920 (left). A: occlusal 
view. B: labial view. C: lingual view. D: M3/ PEC 921 (left), occlusal view
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Lower cheek teeth: The tooth row in the man-
dible fragment PEC 920 (Fig. 11 A-C) was well 
preserved. In the scatter plot diagram (Fig. 12) of 
the length of the last two premolars as a function of 
the length of the “molar” segment, demonstrated the 
large dimensions of the tooth row, including a par-
ticularly long segment of the last two premolars, the 
largest among all Sus scrofa (extant 65 specimens, 
39 specimens of Late and upper Middle Pleistocene 
and six specimens of lower Middle Pleistocene) we 
have measured. 

No P/2 had been found in Petralona “Old 
Collection”.

P/3: There was only one, in the tooth row PEC 
920. It was laminar, with a strong axial tubercle al-
most medial and slightly worn with dimensions giv-
en in Table 6. Its length was equal to that of the larg-
est specimen of fossil S. scrofa we had measured; its 
width was however smaller than the average of the 
three samples for comparison. 

P/4: The two teeth were slightly worn. The 
crown, compressed transversely, was high and nar-
row, and showed a clear vertical syncline on its la-
bial surface. There was a small tubercle in the pos-
tero-labial angle (Fig. 11 A and C). The morphology 
was identical to that of Untermassfeld P/4 (Guérin, 
Faure 1997); the dimensions (Table 6) showed a 
similar length but a narrower crown. 

M/1: There were two specimens, quite heavily 
abraded, including that of the tooth row PEC 920. As 
with all Suinae, the tooth had two successive pairs of 
main tubercles, the lingual ones of each pair being 

shifted towards the rear. The length was equal to the 
average of those of S. scrofa fossils; the width was a 
little greater (Table 6). 

M/2: The construction plane was identical to that 
of M/1. That of the tooth row PEC 920 was moder-
ately worn, and only one of three isolated specimens 
(PEC 927) was little worn. The lengths were greater 
than the average of all three comparison samples, the 
widths were relatively higher (Table 6). 

M/3: Four specimens were available, two of 
which slightly worn. Three-lobed: each one of the 
first two lobes with a pair of main tubercles whose 
lingual ones were shifted rearwardly; the posterior 
lobe was complex with no less than eight tubercles 
bundled together, the stronger of which was placed in 
the middle of the labial surface of this lobe; with two 
small tubercles on the posterior side, the labial being 
much stronger than the lingual (Fig. 11 A). There was 
a strong anterior cingulum. Small accessory cuspids 
were on the labial border of the valley between the 
first and the second lobe. The dimensions (Table 6) 
were similar as for the previous molar: rather similar 
in length, significanty larger in breadth.

Fig. 13 presents a scatter plot of the length of the 
M/3 as a function of its anterior width. The Petralona 
four M/3 were placed perfectly in the cloud of points 
of S. scrofa priscus, and it was entirely within the 
cloud of the upper Middle and Late Pleistocene S. 
scrofa.

Front teeth: The twelve isolated canines and 
incisors were from both male and female individu-
als. The upper canine was middle worn, strong, of a 

Fig. 12. Scatter diagram of the lengths of the tooth rows P/3-P/4 to molars. Solid square: Petralona; solid triangle: Sus 
scrofa priscus; open rhomb: fossil Sus scrofa
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male individual. Of the four lower canines two were 
attributed to male, and two to female individuals. 
The former were more worn than the latter that were 
little to middle worn. Both right first upper incisors 
were little worn, probably belonging to male indi-
viduals. All five lower incisors were little worn and 
strong, probably of male individuals too. 

Post-cranial skeleton 
Humerus: The distal part with epiphysis of a 

right humerus was preserved. The dimensions were: 
DT dist. = 54.5 mm and DAP dist. = 53 mm. This 
was a rather large-sized specimen, as the maximum 
values measured on a sample of 10 specimens of ex-
tant S. scrofa were 55 and 48 mm respectively.

Phalanx I, central: Ph1 PEC 148: length L = 
45.5 mm, proximal epiphysis DT = 23 mm, and DAP 
= 23.5 mm.

Biostratigraphical implications: Sus scrofa 
priscus, which sometimes is considered as a distinct 
species (Sus priscus), is characteristic form of the early 
Middle Pleistocene (zones MNQ 20-23) in Western, 
Central and South-eastern Europe. On the other hand, 
the occurrence of Sus strozzi Forsyth Major, 1881, 
of Late Villafrancian was noted by Koufos (1986) 
and Kostopoulos, Koufos (1994) in Gerakarou and 
Vassiloudi sites, north of the Petralona area.

Paleoecological implications: The extant Sus 
scrofa was very ubiquitous; it lived in the fields, 
bushy undergrowth, and almost in all types of for-
ests and plains in mountains. Its diet was particu-
larly varied and included roots, tubers, fallen fruits, 
vegetable sprouts, small rodents, snakes, gastropods, 

insect larvae, newborn deer, carrions (Groves 1981, 
Hainard 1988). 

Taphonomical remarks: The best represented 
anatomical specimen was the lower third molar: 
there were four specimens: three right and one left. 
The specimen PEC 923 right could be matched with 
the M/3 of the left tooth row in mandible PEC 920. 
Similarly, there were four M/2, two right and two 
left, but no matching was possible. Deciduous teeth 
had not been recognised. Thus, there were a mini-
mum of four hogs, all adults, in the Petralona “Old 
Collection”.

Conclusions
The Petralona Cave, with its rich paleo-faunal re-
mains, is the most important Middle Pleistocene 
cave of Greece. It was used as a den by carnivores, 
which brought the herbivore remains into the cave, 
excluding their accidental presence. There is no evi-
dence that it was a settlement of humans, since none 
of the specimens of the “Old Collection”, except for 
the skull belonging to hominids. 

The Petralona rhinoceros belongs to a primi-
tive evolutionary stage of Dicerorhinus hemitoe-
chus, therefore it could be dated as early Middle 
Pleistocene. The same applies for Sus scrofa priscus.

Their paleoenvironment most likely corre-
sponded to forested meadow. 

Further research and excavations in the 
Petralona Cave will give accurate evidence to study 
about the stratigraphy and palaeontology of this im-
portant cave.

Fig. 13. Scatter diagram of length to anterior breadth of M/3. Solid square: Petralona; solid triangle: Sus scrofa priscus; 
open rhomb: fossil Sus scrofa
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APPENDIX 
Table 1. Comparative dimensions of the Petralona Dicerorhinus hemithoecus upper cheek teeth (in mm) (see abbrev.)

Upper teeth Petralona

P1/
P 1/L
P 1/B
P2/ PEC 960 D
P 2/L 32
P 2/B 34
P3/ PEC 961 D
P 3/L 42
P 3/B 47.5
P3/
P 3/L
P 3/B
P4/ PEC 962 D
P 4/L 46
P 4/B 53.5
M1/ PEC 963 S
M1/L 56
M1/B 60
M2/ PEC 964 S PEC 965 D PEC 966 D
M2/L 61.5 61.5 62
M2/B 62.5 65.5 72
M3/
M3/L abs
M3/L anat
M3/B
D1/ PEC 954 D PEC 953 D PEC 951 S PEC 952 S
D1/ L 26 28 23 28
D1/ B 22 20 21.5 24.5
D2/ PEC 955 D
D 2/L 36.5
D 2/B 36.5
D3/ PEC 956 D PEC 957 S
D 3/L 46.5 46
D 3/B 44.5 42
D4/ PEC 959 D
D 4/L 51
D 4/B 50

 Coelodonta antiquitatis Dicerorhinus hemitoechus

N mean min. max. SD v N mean min. max. SD v
P 1/L               1 23.50        
P 1/B               1 19.50        
P 2/L 37 30.95 20.5 37 4.23 13.67   39 33.47 29 40 2.152 6.43
P 2/B 50 33.64 27.5 42 3.79 11.26   52 36.32 27 44 2.987 8.22
P 3/L 70 37.65 24.5 55 3.92 10.42   55 41.48 34 49 2.861 6.90
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P 3/B 85 41.68 35 51 3.08 7.39   78 48.40 43 57 2.559 5.29
P 4/L 67 43.34 35.5 58 4.18 9.65   52 44.23 37 51 2.510 5.67
P 4/B 83 48.49 41.5 60 3.41 7.02   65 55.18 47 62 2.642 4.79
M 1/L 63 50.85 33.5 58.5 4.23 8.33   59 54.37 43.5 63.5 3.917 7.20
M 1/B 84 53.32 43.5 63 3.46 6.48   71 58.97 52.5 68 3.457 5.86
M 2/L 88 56.24 47 65.5 3.76 6.69   43 59.76 46.5 66.5 3.960 6.63
M 2/B 98 55.73 45 63 3.25 5.83   48 62.51 56 72 3.640 5.82
M 3/L abs. 112 57.29 42.5 70 5.02 8.77   66 63.23 50 77 5.635 8.91
M 3/L anat. 104 52.07 43 61 4.15 7.97   65 53.55 41.5 64 5.046 9.42
M 3/B 107 50.13 40 61 3.70 7.39   71 55.03 41 65 4.543 8.25
D1/L 6 22.58 21 25 1.66 7.33   11 25.05 21 29 1.993 7.96
D1/B 6 18.25 17 20.5 1.17 6.43   10 22.00 20 24.5 1.563 7.11
D2/L 33 30.65 28 33 1.44 4.71   19 35.18 33 37.5 1.320 3.74
D2/B 36 29.57 26 38 2.04 6.89   24 34.73 32 38.5 1.320 3.80
D3/L 32 41.91 31 45.5 3.19 7.62   24 42.96 39 48 1.960 4.55
D3/B 37 36.91 31.5 41 2.03 5.50   23 41.85 37 45 2.110 5.05
D4/L 30 48.82 44 57 3.12 6.39   24 47.90 44 51.5 2.400 5.00
D4/B 33 43.17 39 50 2.60 6.02   24 46.60 42 56 2.970 6.37

Dicerorhinus mercki Dicerorhinus etruscus brachycephalus

  N mean min. max. SD v N mean min. max. SD v
P 1/L 2 28.25 28 28.5                  
P 1/B 2 26.00 23.5 28.5                  
P 2/L 16 38.69 33 43.5 3.10 8.02   27 35.72 28.5 45 3.061 8.57
P 2/B 28 42.43 35 50.5 3.66 8.62   40 40.04 31 52.5 4.279 10.69
P 3/L 18 46.64 40.5 51 2.68 5.75   20 42.80 38 47.5 2.623 6.13
P 3/B 31 56.69 50 63 3.55 6.26   28 50.89 43.5 58 3.586 7.05
P 4/L 34 51.84 44 66 3.96 7.63   32 45.14 39 54 3.572 7.91
P 4/B 44 63.67 54 70 4.26 6.68   50 55.42 47.5 61.5 3.166 5.71
M 1/L 20 56.98 48.5 63.5 4.24 7.44   35 51.56 44 60 3.846 7.46
M 1/B 34 63.59 55 71.5 4.80 7.54   41 56.30 44.5 63.5 4.062 7.21
M 2/L 37 66.73 53 71 4.06 6.08   48 54.59 47 63 3.359 6.15
M 2/B 50 68.11 62 78.5 3.74 5.49   63 58.84 52 67 3.279 5.57
M 3/L abs. 46 65.72 54 75 4.46 6.79   44 54.57 45 66 3.916 7.18
M 3/L anat. 41 55.94 48 75 5.53 9.89   44 48.38 40.5 56 4.177 8.63
M 3/B 50 59.99 47.5 68.5 5.28 8.79   59 50.31 41.5 60 4.074 8.10
D1/L 3 29.00 26 32       8 28.06 25.5 30 1.761 6.28
D1/B 3 25.33 23 29       8 24.31 21 28 2.120 8.72
D2/L 7 36.93 34 39.5 2.34 6.32   7 37.86 34 41 2.340 6.18
D2/B 8 37.38 31 42 3.57 9.56   9 36.17 32.5 39 2.165 5.99
D3/L 9 45.89 41.5 50.5 3.30 7.18   8 42.38 36 46.5 3.215 7.59
D3/B 10 46.85 42 54.5 3.99 8.51   10 42.10 33.5 46.5 3.430 8.15
D4/L 6 53.83 48 57 3.13 5.81   12 48.50 44 58 4.528 9.34
D4/B 8 52.81 48 57.5 3.06 5.79   15 46.83 43.5 56.5 3.614 7.72

Table 1. Continued
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Table 2. Comparative dimensions of the Petralona Dicerorhinus hemithoecus lower cheek teeth (in mm) (see abbrev.)

Lower teeth Petralona
D/1 PEC 980 S
D/1 L 18.5
D/1B 11
D/2 PEC 950 S
D/2 L 30
D/2 B 17.5
D/3 PEC 950 S
D/3 L 40
D/3 B 21
D/4 PEC 950 S
D/4 L 43
D/4 B 22
Coelodonta antiquitatis           Dicerorhinus hemitoechus    

N mean min. max. SD v N mean min. max. SD v
D/1L 3 24.67 17.5 32.5   3 17.83 17 19
D/1B 3 13.50 12 14.5   2 11.25 10.5 12
D/2L 16 26.69 20.5 29.5 2.04 7.64   16 30.06 27.5 35 2.089 6.95
D/2B 17 16.00 11.5 18.5 1.46 9.11   17 16.71 15 18.5 1.105 6.61
D/3L 30 36.97 32 41.5 1.87 5.06   22 41.16 37.5 45.5 2.101 5.1
D/3B 34 20.28 17 24 1.46 7.19   28 22.07 20.5 25 1.223 5.54
D/4L 22 42.59 37 51 3.18 7.47   19 43.47 37 50.5 2.951 6.79
D/4B 23 22.28 19 25.5 1.99 8.92   22 24.41 22 27.5 1.386 5.68
Dicerorhinus mercki           Dicerorhinus etruscus brachycephalus  
  N mean min. max. SD v N mean min. max. SD v
D/1L 2 20.25 17.5 23   4 19.00 17 23.5
D/1B 1 14.00   4 11.88 11 13
D/2L 8 33.00 28 38 3.15 9.55   9 31.78 27.5 34 2.063 6.49
D/2B 9 19.28 16.5 21.5 1.58 8.21   9 18.50 17.5 20 0.866 4.68
D/3L 13 42.15 38 44.5 1.59 3.76   16 41.88 30 47 3.931 9.39
D/3B 15 23.40 21 28.5 1.93 8.24   16 22.66 18 28.5 2.535 11.19
D/4L 11 45.91 42 51 2.71 5.90   16 42.38 36 47 2.969 7.01
D/4B 11 27.09 23 31 2.51 9.26   16 25.22 22.5 31 2.280 9.04

Table 3. Comparative dimensions of the Petralona Dicerorhinus hemithoecus radius (in mm) (see abbrev.)

Petralona
Radius PEC 972 D
DT prox. 98
DAP prox. 67
Coelodonta antiquitatis Dicerorhinus hemitoechus    

N mean min. max. SD v N mean min. max. SD v
DT prox. 111 113.05 98 126 6.57 5.81 22 97.57 88.5 105.0 4.55 4.66
DAP prox. 109 77.78 55 93 5.90 7.59 23 63.93 59 69.5 3.31 5.18
Dicerorhinus mercki Dicerorhinus etruscus brachycephalus
  N mean min. max. SD v N mean min. max. SD v
DT prox. 20 111.28 102 119 6.11 5.49 39 98.06 80 112 7.318 7.46
DAP prox. 17 75.97 68 87 5.18 6.81 39 66.14 57 80 5.936 8.97
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Table 4. Comparative dimensions of the Petralona Dicerorhinus hemithoecus calcaneum (in mm)(see abbrev.)

Petralona
Calcaneum PEC 978 D
1. H 125.0
2. DAP tuber 64.0
3. DAP beak 62.5
4. DT sust. 72.0
5. DT tuber 51.0
6. DT middle 36.5
Coelodonta antiquitatis           Dicerorhinus hemitoechus    

N mean min. max. SD v N mean min. max. SD v
H 67 129.48 117.5 141 5.57 4.30   25 121.02 104 139 8.460 6.99
DAP tuber 63 75.10 60 90 6.71 8.94   24 63.00 54 74 4.723 7.50
DAP beak 63 71.93 59.5 86.5 6.11 8.49   33 66.59 56 75 4.759 7.15
DT sust. 65 80.94 65 93 6.63 8.19   30 74.38 66 80 4.516 6.07
DT tuber 70 55.25 45 66 4.46 8.07   24 50.10 39.5 60 5.002 9.98
DT middle 52 44.39 35 59 4.43 9.99   25 39.54 35 46.5 3.307 8.36
Dicerorhinus mercki           Dicerorhinus etruscus brachycephalus  
  N mean min. max. SD v N mean min. max. SD v
H 19 144.34 130.5 152.5 7.07 4.90   28 119.16 110.0 131 6.149 5.16
DAP tuber 16 75.88 69 86.5 5.40 7.11   23 68.41 55.5 77 4.673 6.83
DAP beak 18 75.00 69 80.5 3.82 5.09   24 60.75 54.0 68 4.019 6.62
DT sust. 15 85.53 76 94 5.12 5.99   27 72.94 64.0 80 4.382 6.01
DT tuber 18 56.53 51 61 2.73 4.82   29 48.60 43.0 58 3.764 7.74
DT middle 12 45.13 40 51 4.01 8.89   28 38.29 32.5 44 3.489 9.11

Table 5. Comparative dimensions of the Petralona Dicerorhinus hemithoecus astragalus (in mm) (see abbrev.)

Petralona
Astragalus PEC 977 D
1. DT max. 85.5
2. H 82
3. DAP int. 54.5
4. DT dist. art. 71
5. DAP dist. art. 44.5
6. Dist. 2 brims 59
7. DT dist. 78
Coelodonta antiquitatis           Dicerorhinus hemitoechus    

N mean min. max. SD v N mean min. max. SD v
DT max. 112 96.02 84 112 5.03 5.24   48 85.34 72.5 100.5 6.167 7.23
H 112 86.96 77 102 4.45 5.12   51 81.33 68.5 95.5 6.082 7.48
DAP int. 81 63.22 52 72 4.85 7.67   47 57.49 48.5 67.0 4.416 7.68
DT dist. art. 111 80.99 68 91 4.65 5.74   45 68.48 60.5 86.0 5.376 7.85
DAP dist. art. 92 51.15 42 59 3.34 6.54   40 44.09 37 55.0 4.430 10.05
Dist. 2 brims 103 70.61 60 83 4.17 5.91   54 59.46 46 7.0 5.609 9.43
DT dist. 109 85.22 76 97 4.38 5.13   41 73.88 63.5 90.5 5.413 7.33
Dicerorhinus mercki           Dicerorhinus etruscus brachycephalus  
  N mean min. max. SD v N mean min. max. SD v
DT max. 43 103.57 93 116.5 6.10 5.89   39 86.38 76 107 6.522 7.55
H 40 96.26 88.5 105 4.10 4.26   39 80.47 72 89 5.113 6.35
DAP int. 33 68.36 60 83 5.08 7.43   35 55.69 46 68 4.683 8.41
DT dist. art. 40 85.46 74 93 4.87 5.70   33 71.41 59.5 85 6.036 8.45
DAP dist. art. 36 52.28 43 60 3.84 7.34   31 41.40 35 52 3.953 9.55
Dist. 2 brims 39 74.88 63.5 91 5.48 7.32   38 60.41 52 71 4.853 8.03
DT dist. 40 90.91 80 102 5.13 5.64   36 73.85 61 82 5.253 7.11
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Table 6. Comparative dimensions of the Petralona Sus scrofa priscus lower cheek teeth (in mm) (see abbrev.)
Sus Petralona                
Lower teeth PEC 920 S                
L P/3-M/3 129                
L P/3-P/4 34                
L molars 84                
P/3 L 17                
P/3 B 7       PEC 931 S        
P/4 L 17.6       16.6        
P/4 B 10.3       9.5        
            PEC 930 D      
M/1 L 17.3         18      
M/1 B ant           12.7      
M/1 B post 13.7         12.4      
              PEC 928 S PEC 929 D PEC 927 D
M/2 L 26           25 25 26
M/2 B ant. 17.6           16.2 16.3 15.5
M/2 B post 17.7           11 16.4 16.5
    PEC 926 D PEC 923 D PEC 924 D          
M/3 L 41.7 38.7 41.8 40          
M/3 B ant 21.3 19 21 19          
M/3 B med 19.4 17.5 19.4 18.8          
M/3 B post 16.3 15.5 16.6 16          

Sus scrofa recent           Sus scrofa upper Middle – Late Pleistocene
N mean min. max. SD v N mean min. max. SD v

L P/3-M/3 64 113.55 86 148 10.766 9.48 20 116.88 97 127.5 10.069 8.62
L P/3-P/4 65 28.1 22 31.5 2.342 8.34 39 29.15 22.5 33 2.586 8.87
L molars 63 74.14 54 85.5 6.829 9.21 44 79.42 61 88 6.609 8.32
P/3 L 63 13.68 7.5 16 1.498 10.95 43 14.09 11 17 1.398 9.92
P/3 B 63 7.55 5.5 13.5 1.23 16.3 43 7.88 6 17.5 1.832 23.23
P/4 L 63 14.63 8.5 17.5 1.629 11.14 63 15.56 12.5 18 1.306 8.39
P/4 B 63 9.76 7 12.5 1.114 11.41 62 10.2 7.5 13 1.301 12.75
M/1 L 61 16.28 13 19 1.596 9.81 71 17.32 13.5 23.5 1.538 8.88
M/1 B ant 59 11.08 8.5 15 1.074 9.70 64 11.47 9 15 1.126 9.82
M/1 B post 60 12.13 9.5 18 1.321 10.89 66 12.5 10 16.5 1.301 10.41
M/2 L 63 21.59 14 25 2.156 9.99 90 23.22 17 28.5 2.066 8.90
M/2 B ant 63 14.68 10.5 17.5 1.389 9.46 88 15.69 11.5 19 1.626 10.37
M/2 B post 62 15.59 11 22.5 1.796 11.52 90 16.37 11 20 2.015 12.31
M/3 L 62 37.45 25 44.5 4.245 11.34 124 39.92 30 56 5.345 13.39
M/3 B ant 62 17.26 12 21 1.896 10.99 119 18.48 12.5 25.5 2.401 12.99
M/3 B med 60 16.21 9.5 20 2.691 16.60 107 17.69 12 21 2.083 11.78
M/3 B post 35 13.54 9.5 21 2.041 15.07 114 14.32 10 19 1.889 13.19
Sus scrofa lower Middle Pleistocene

N mean min. max. SD v
L P/3-M/3 5 119.6 115 125 4.492 3.76
L P/3-P/4 6 30.17 28.5 32 1.538 5.1
L molars 9 79.94 74 91 5.253 6.57
P/3 L 7 14.71 13.5 16 0.859 5.84
P/3 B 7 7.43 6.5 8.5 0.787 10.59
P/4 L 11 15.91 15 17 0.701 4.4
P/4 B 11 10.32 8 12.5 1.505 14.58
M/1 L 16 17.59 13.5 20 1.744 9.91
M/1 B ant 17 11.68 10 14 1.015 8.69
M/1 B post 17 12.97 11.5 15 1.243 9.59
M/2 L 20 24.62 22 26.5 1.459 5.92
M/2 B ant 18 16.53 15 18.5 1.021 6.18
M/2 B post 18 17.22 15.5 20 1.468 8.52
M/3 L 32 40.02 35.5 47.5 2.772 6.93
M/3 B ant 34 18.99 14 22.5 1.756 9.25
M/3 B med 20 18.17 15 21 1.633 8.98
M/3 B post 29 15.24 13 18 1.177 7.72


