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Ä. Æåðààäñ, Í. Ñïàñîâ, Ä. Êî âà÷åâ – Æèðàôû
(Artiodactilya, Êammalia) èç ïîçäíåãî  ìè îöåíà â ðàéîíå
Êàëèìàíöû è Õàäæèäèìîâî (Þãî-Çàïàäíàÿ Áîëãàðèÿ).
È í ô î ðì àöèÿ î  ï îçäíåìèîöåíîâûõ æèðàôàõ îãðàíè÷è-
âàëàñü äî ñèõ ïîð îïèñàíèÿìè  åäè íè÷íûõ íàõî äîê, äëÿ
êî òîðûõ ïðèâî äèëèñü ñïîðíûå ñ òàêñ î í îì è ÷ åñêîé òî ÷êè
çðåíèÿ îïèñàíèÿ.  Í îâûå,  åùå íå î ïèñà í í û å  ô îññèëèè
Giraffidae èç âå ð õ í å ì è î ö å í î â û õ  ï î ð îä ðàéîíà Êàëè-
ì àíöû è Õàäæèäèì îâî  (ÞÇ Áîëãàðèÿ) ïðåä îñòàâèëè
âî çì îæ í îñòü ïðîâåñòè áîëåå äåòàëüíûå èññëåä î âàíèÿ
èñêî ï à å ì û õ  ï ð åäñòàâèòåëåé ýòî ãî ñåìåéñòâà â Áîëãà-
ðèè. Ýòè ôîññèëèè ñîõðàíÿþòñÿ â Àñåíîâãðàäñêî ì  îòäå-
ë å í è è  Í Ï Ì  –  ÁÀÍ.  Óñòà í î âëåí î  òðè âåðõíåìèîöå-
íîâûõ âèäà: Hellàdotherium duvernoyi, Bohlinia attica è
Palaeotragus rouenii. Èìåíí î  ýòè òàêñî íû  ïðèñóòñòâó þò
è â êëàññè÷åñêî ì  ñêî ïëå íèè  èñêî ï à å ì î é  ì ë å êî ï è òà þ -
ùåé ôàó íû  -  Ï èêåðìè (Ãðåöèÿ). Ýòî  ï î êàçûâàåò, ÷òî  íåò
ñó ù åñòâåííûõ ðàçëè÷èé â âîçðàñòå áîëãàðñêèõ è ãðå÷åñ-
êèõ ìåñòî í à õî æäåíèé. Êî ñòè êî í å÷ í îñòåé ïåðâûõ äâóõ
âèäîâ èç ðàéîíà Êàë è ìà í ö û  â è ä è ì î  îòëè÷àþòñÿ áîëü-
ø å é  ìàññèâíîñòüþ ïî ñðàâíåíèþ ñ ãðå÷åñêèìè, ÷òî  î÷å-
â è ä í î  î áóñëîâëåíî ðàçëè÷èÿìè â ýêî ëîãè÷åñêîé îáñòà-
í î â êå. Îòñóòñòâèå íàõî ä îê  Samortherium íà òåððèòî ð è è
Áîëãàðèè ì îæ í î  î áúÿñíèòü âåð îÿòíûìè ðàçëè÷èÿìè â
ï ð è ð îäí îé  îáñòà í î â êå.
Abstract: The various Late Miocene localities around the

villages of Hadjidimovo and Kalimantsi in Southwestern
Bulgaria yielded a rich collection of giraffes, including
Helladotherium duvernoyi, Bohlinia attica and Palaeotra-
gus rouenii. These are the same species as at Pikermi, sug-
gesting that there is no great age difference between these
localities, but the limb-bones of both former species are
stouter at Kalimantsi than in the Greek site, a difference
which is perhaps of ecological origin. The absence of
Samotherium, known in the geographically close sites of
Greek Macedonia might be a consequence of the isolation
of the river basins.
Key words: Mammalia, Artiodactyla, Giraffidae,

Late Miocene, Bulgaria.

Introduction
The giraffids represent a typical faunal element of
the “Pikermian biome” of the late Miocene
Balkano-Iranian province and an important indi-
cator of the landscape. The various forms may
also have zoogeographic and, to some extent,
biochronological significance. Only a few late
Miocene Giraffids were described from Bulgaria

from very partial remains (Áàêàëîâ, 1953;
Áàêàë îâ  è  Íèêî ëîâ, 1962) or were merely men-
tioned without description in faunal lists
(Nikolov, 1985; Spassov, 2002). Meanwhile, a
huge collection of giraffid remains has been accu-
mulated recently after the field campaigns of one
of us (D. K.) in the late 70s, the 80s and the 90s,
mainly from the localities of Hadjidimovo and
Kalimantsi, and stored in the Paleontological mu-
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seum of Assenovgrad (division of the National
Museum of Natural History – Sofia). This mate-
rial is described here (the material marked with
initials HD and K or as Hadjidimovo and
Kalimantsi), together with some other remains
from the collections of the University of Sofia
and from the NMNH – Sofia (marked with ini-
tials FM).

The Hadjidimovo fossiliferous area is situated
in the Mesta river valley near the Hadjidimovo
town (Gotse Delchev district) and the Bulgarian-
Greek border; it is a late Miocene fossil site with
4 localities of vertebrate fauna. Intensive investi-
gations of the fauna of Hadjidimovo started re-
cently (Spassov & Ginsburg 1999; Geraads et al.
2001; Kostopoulos et al. 2001; Kovachev, 2001;
Hristova et al. 2002; Õðèñòî âà et al. 2002;
Geraads et al. 2003; Koufos et al. 2003; Spassov
& Geraads, 2004). Most of the giraffid remains
were discovered in the main locality
Hadjidimovo-1 (where about 30 mammalian spe-
cies are reported), placed at the MN11/12 bound-
ary (Spassov, 2002). Two Helladotherium metac-
arpal fragments were found in Hadjidimovo-
Tumbichkite (HD-2), a locality of the same or
somewhat younger age.

The fossiliferous area of the Kalimantsi village
is the richest one in the Middle Struma basin and
the best known of the Bulgarian Upper Miocene
vertebrate localities. In fact, the name Kalimantsi
refers to a large area (∼ 6 km2) of Upper Miocene
fossiliferous deposits with more than 10 known
fossil mammal localities. The recent revision of
their age demonstrates that all Kalimantsi sites
(scattered over a thickness of more than 100 m)
are of Turolian age and that there is no evidence
of any Vallesian fauna in this area. Kalimantsi-1
(KAL-1), which seems to belong to the newly es-
tablished Gradishte lithocomplex, is more likely
to yield a fauna of early Turolian age, while other
Kalimantsi faunas (referred to the Strumyani
lithocomplex) are probably of middle Turolian
age. (Öàíêîâ è äð.,  ï îä  ï å÷àò; Spassov et al.
2004; Spassov et al. in press). The giraffid re-
mains from the Kalimantsi area come from
Kalimantsi-1 (MN11 ?), Kalimantsi-Pehtsata
(MN12) and from other localities with fauna con-
sidered to belong to the middle Turolian.

Abbreviations: K = Kalimantsi; HD =
Hadjidimovo; AUT = Aristotle University of
Thessaloniki; BMNH = Natural History Mu-
s�um, London; IPUW = Pal�ontologisches
Institut Universit�t Wien; MNHN = Mus�um Na-
tional d’Histoire Naturelle, Paris; NHMW =
Naturhistorisches Museum Wien.

Systematic study

Helladotherium duvernoyi (Gaudry & Lartet,
1856)
Helladotherium duvernoyi: Áàêàëîâ, 1953, ñ. 93,
òàáë. III, ðèñ. 1-4
Helladotherium duvernoyi: Áàêàë î â ,  Í èêî ë îâ ,
1962, ð. 75, ðl XXX, fig. 2-5
Type. No type-specimen was designated by
Gaudry and Lartet (1856). Since the type-series
was later mixed with specimens found subse-
quently, a lectotype cannot be designated. This
would be useless, anyway, as all large Giraffids
from the type-locality belong to this species.

Type-locality: Pikermi.
Stratigraphic and geographic distribution:

Late Vallesian to Late Turolian of South Europe
and the Balkano-Iranian Late Miocene zoogeo-
graphic province and the North Pontic region.

Skull and teeth
1) Kalimantsi. The best specimen is K-5156,

from Pehtsata. It includes the anterior part of a
skull with both tooth-rows (Pl.1, Fig.1-2), and
associated mandible K-5159. It is of very large
size, as in Samotherium and Helladotherium, but
the muzzle is broad and low as in the latter genus,
while Samotherium has a rather deep snout.
Enough of the supra-orbital area is preserved to
be sure that there were no supra-orbital horns, and
they must have been more posterior, or absent. A
narrow ethmoidal fissure was probably present.
The nasal bones are broad, straight in profile, and
almost fused medially. The precise extent of the
other bones of the facial region is hard to esti-
mate.

The teeth are very worn but most of them are
well-preserved. Only p2 is missing. The pre-
molars are large relative to the molars, although
less so than in the Plio-Pleistocene Sivatherium.
They are reduced, instead, in similar-sized
Samotherium: in this genus, the premolar / molar
index is always smaller than 70. P4 is almost as
broad as M1, as in Helladotherium, whereas it is
clearly narrower in Samotherium. On the man-
dible, p4 is strongly molarized with an antero-
posteriorly lengthened metaconid, as in all
giraffids, but p3 has a wide open anterior valley,
with bulbous metaconid, and a large talonid in
which the entoconid is antero-posteriorly di-
rected. It is always more molarized in large
Samotherium, and the talonid is smaller.

Some measurements on this skull fragment and
associated mandible are:

width of nasal bones = 90
length from front of orbit to front of P2 = 200
Length P2-P4 = ca. 95 ; length M1-M3 = 121

(index = ca. 80)
Width of P4 = 40.4; width of M1 = 41.7
Length p3-p4 = 71.5; length m1-m3 = 148
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Length of p4 = 39.3; length of m3 = 61.
Many of the tooth-series from Kalimantsi are

deciduous, and we assign them all to
Helladotherium. DP3 (K-3710) has a long first
lobe and bifurcated parastyle, as in Hella-
dotherium, whereas it is short and simple in
Samotherium. On dp3, the metaconid is usually
small and slanting posteriorly (Pl.2, Fig.6); only
in one case (K-5210) is it isolated and antero-pos-
teriorly lengthened, still leaving an open valley
between it and the paraconid. In large
Samotherium, instead, it always forms a complete
lingual wall (Geraads, 1994, fig. 1; Bohlin, 1926,
pl. 5, fig. 5; pl. 7, fig. 3.). On dp4, the paraconid
usually (K-5203, K-5204, K-5212) has two pos-
terior wings, the lingual wall being usually the
largest. Samotherium has no labial wing (Bohlin,
1926, pl. 7, fig. 3).

2) Hadjidimovo. HD-5157 is a nice mandible
with left p2-m3 (Pl.1, Fig.4-5) and all front-teeth
(Pl.1, Fig.3). HD-5201 is an isolated m3.

Measurements of HD-5157:
Length p2-p4 = 93.5; length m1-m3 = 139;

length of p4 = 39.3; length of m3 = 59.
The cheek-teeth are less worn than in K-5159,

but display the same features. The most interest-
ing teeth are the incisors and canines. They are
morphologically similar to those of the well-pre-
served Samotherium major from Vathylakkos-3
(Geraads, 1978), but more worn, although the
cheek-teeth are less so. Another difference is that,
while this Samotherium has medially worn i1s, no
such wear is visible in the Helladotherium from
Hadjidimovo (HD-5157), but there is instead a
wear notch between the first and second lobes of
both the left and right canines. Comparison with
the modern giraffe is difficult, because most mu-
seum specimens either are not from wild animals,
or have their front teeth lost or too much worn.
There is only one useful specimen in this respect
in the MNHN, N°1928-307, which is an adult fe-
male. The central incisors are broken. The cutting
edge of the other front teeth is notched by at least
4 wear grooves which obviously were used as a
comb to pluck the leaves from small ploughs
(Lydekker, 1903). There is one groove across the
second lobe of the canine, one between the two
lobes of this tooth, one between the canine and i3,
one between i3 and i2, plus probably one more
between i2 and i1, and perhaps one between both
(missing) central incisors: this makes a likely to-
tal of 11 notches, making this set of teeth a very
efficient comb.

Incisors and canines of fossil giraffes have
received little attention. There are some indica-

tions in the literature of the occurrence of
notches similar to those mentioned above (e.g.
Rodler & Weithofer, 1884, pl.4, fig.2-3, in
Samotherium neumayri), but most of the other
illustrated teeth are only slightly worn and do
not display any conspicuous wear notches. This
might suggest that, when present, they were re-
stricted, like at Kalimantsi and Vathylakkos, to
only one pair of teeth. Perhaps food intake in
fossil giraffes was less selective than in
Giraffa, either because they picked more whole
twigs, and/or because they incorporated some
grasses in their diet.

Pending more general results, a preliminary
hypothesis would be that Helladotherium was
mostly a grazer (hence the strong wear on its front
teeth) that occasionally (but regularly) picked out
small leaves.

Samotherium was said by Solounias & al.
(1988) to be a grazer, but we are not fully con-
vinced by their argumentation. First of all, their
reconstruction of the premaxillary shape of
S. boissieri (BMNH M4215) is more square than
the fossil shows. Actually, the curvature of the
anterior part of the premaxillae extends definitely
beyond the level of the rostral end of the palatine
foramina, and is not followed posteriorly by a
constriction. Furthermore, while the cheek-teeth
of this specimen are well-worn, the incisors and
canines are still very high, an unlikely feature for
a grazer. Even S. major, said by Solounias et al.
(2000) to be more a grazer than its ancestor, was
probably still largely browsing, as shown by the
unpublished premaxilla of S. major from Vathy-
lakkos which, albeit deformed, is pointed anteri-
orly, although much less so than in typical brows-
ers.

Only a thorough revision of the various collec-
tions, together with ongoing studies of
microwear, could shed new lights on the subject,
which also has important implications on the ori-
gin of the giraffid bilobate canine.

Post-cranials
There are many limb bones from both

Kalimantsi and Hadjidimovo, but most of them
are incomplete and it is not always easy to esti-
mate their dimensions. There are five complete
metacarpals, large and stout. Those from
Kalimantsi are larger than those from
Hadjidimovo (Fig. 1), but the difference is slight
for the specimen from Kalimantsi-1 (unnum-
bered). However, they all plot out of the range for
Samotherium major, a species known in Greek
Macedonia, Samos and Turkey. All Bulgarian
specimens plot within the range of
Helladotherium from various localities, and they
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can confidently be assigned to this genus.
Some other complete limb-bones are also of

very large size, similar to that of Helladotherium,
as far as we know from the scarce comparative
material. Both the humerus and radius are longer
than in Samotherium; Helladotherium was prob-
ably heavier, and had legs of a more graviportal
type, with relatively longer stylopod (Table 2).

Therefore, there is no evidence for more than
one very large Giraffid, both in Kalimantsi and
Hadjidimovo, and we assign all very large speci-
mens to Helladotherium duvernoyi. This species
was first described from Pikermi, and has been
reported from several other late Miocene locali-
ties of the Aegean region but, as no male horned
skull is known, there remains a doubt concern-
ing the validity of this generic name, which

Fig. 1. Plot of length vs. distal width of the metacarpal in
Samotherium and Helladotherium. All measurements ours.
Samotherium major from Samos, Greek Macedonia, and
Kemiklitepe; S. neumayri from Maragha; Helladotherium
from Pikermi, Maragha, G�lpinar, and Ravin des Zouaves.
The shorter Mc from Kalimantsi is from KAL-1

Table 1
Comparative measurements of limb-bones of Bohlinia
from Kalimantsi (upper levels), Kalimantsi-1 (lowest level, river bank)
and Hadjidimovo
Metacarpal Length Proximal breadth Min. width of shaft
Kalimantsi 550++ (700 ?) 90 60
Kalimantsi 695 98 60.5
Kalimantsi 730 93 57
Kalimantsi-1 – – 50
Kalimantsi-1 – 86 –
Kalimantsi-1 – 86 –
Pikermi, MNHN 710 83 47
Vathylakkos, AUT 693 88 50
Vathylakkos, AUT 661 82 45
Metatarsal Length Min. width of shaft Distal breadth
Hadjidimovo FM2025 ∼ 56 ∼ 97.5
? Kalimantsi 695 52.5 95
Pikermi, MNHN 690 – 75
Maragha, MNHN 675 ? 52 –
Slq-682, MNHN 680 46 75
Ditiko, AUT 658 49 76

could well be a junior synonym of
Bramatherium (Geraads & G�le�, 1999).

Bohlinia attica (Gaudry & Lartet, 1856)
?Camelopardalis parva (pars): Áàêàëîâ, 1953,
ñòð. 92, òàáë. I, ðèñ. 2-5
?Camelopardalis parva (pars): Áàêàë î â ,  Í èêî -
ëîâ, 1962, ñòð.. 76, òàáë. XXXI, ðèñ. 6-7
?Orasius speciosus: Áàêàë î â ,  Í èêî ëîâ, 1962,
ñòð. 77, òàáë. XXXI, ðèñ. 10-12
?Orasius aff. atticus: Áàêàëîâ, 1953, ñòð. 92,
òàáë. III, ðèñ. 5
?Orasius cf. atticus: Áàêàë îâ ,  Í èêî ëîâ, ñòð. 78,
òàáë. XXX, ðèñ. 13
Type. Geraads (1979: 378) incorrectly designated
as lectotype a specimen that was not part of the
type-series (Gentry, 2003: 344). At the present
time, no type can be designated.

Stratigraphic and geographic range. Late
Vallesian to Late Turolian of the Balkano-Iranian
Late Miocene zoogeographic province.

Material
A few metapodials from Kalimantsi definitely at-
test the occurrence of the long-limbed Bohlinia, a
close relative of the modern giraffe. However,
while the lengths of these bones are very similar
to those of other specimens from several localities
of the Eastern Mediterranean, their transverse di-
ameters are noticeably larger (Table 1; Fig. 2-3),
i.e. the bones are stouter, more like those of the
Recent giraffe. A few fragmentary bones from
Kalimantsi-1 look somewhat smaller. Two tali,
smaller than those of Helladotherium, but some-
what larger than the few known specimens defi-
nitely referable to Bohlinia, could perhaps also be
referred to the latter taxon (Fig. 4).

The teeth of Bohlinia are very poorly known
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(Bohlin, 1926; Arambourg & Piveteau, 1929;
Geraads, 1979). The best known specimen is still
the maxilla published by Wagner (1861) as
Orasius speciosus (Orasius eximius in the figure
legend). It is similar to Palaeotragus rouenii, but
the teeth are larger and more brachyodont, the
premolars are relatively longer, P4 is broader
relative to M1, the parastyle is double on the
premolars and encloses an enamel island on the
molars, and there is a lingual cingulum. It is
mainly on the basis of size that we refer to this
genus two mandibles with poorly preserved and
much worn molars, K-5206 (length m1-m3 = ca.
92), and K-5209 (length m1-m3 = ca. 85). A max-
illa with well-preserved slightly worn teeth, K-
5521 can also be referred to this species (Pl.2,
Fig.5). The teeth are brachyodont, and larger than
those of P. rouenii. The premolars much resemble
those of the holotype of Orasius speciosus in

Munich by their strong styles, incomplete fusion
of paracone and metacone, long internal spur par-
allel to the hypocone.

Dimensions: length of premolar series = 61.2;
length of molar series = 77.5.

There is only slight evidence of Bohlinia at
Hadjidimovo. A complete metatarsal (Fig. 3) could
be from this locality rather than from Kalimantsi.
Some fragmentary epiphyses are also likely to be
of this genus (Table 1). Alternatively, they could be
referred to Samotherium, but this is a less parsimo-
nious hypothesis, not substantiated by any tooth re-
main.

The very long limb bones, seemingly unique to
Bohlinia among late Miocene giraffids of this area,
leave no doubt about their assignment to this ge-
nus, but their greater massiveness implies some
distinction from the classic form. Whether it re-
flects a chronological or ecological difference is

Table 2
Comparative measurements of limb-bones of Helladotherium
from Kalimantsi (upper levels) and Kalimantsi-1
(lowest level, river bank)

Humerus Bi-articular Distal articular Minimum diameter
length breadth of trochlea

Kalimantsi-1 480 141 53
Kalimantsi, K-156 510 – –
Helladotherium, PIK-1506, MNHN 460 134 53
S. major, Kemiklitepe B, MNHN 410 122 52
S. sinense (Bohlin, 1926) 427 133 –

445 146 –
Radius Length Maximum distal breadth
Kalimantsi 149 600 127
Helladotherium, Pikermi, NHMW 600 –
Helladotherium, Slq-689, MNHN 610 –
Helladotherium, Samos (Bohlin, 1926) 610 138
Helladotherium, Pikermi, MNHN 565-575 –
S. sinense (Bohlin, 1926) 548-571 127-132
S. major (Bohlin, 1926) 530 127
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Fig. 2. Plot of length vs. width of shaft of the metacarpal in
Bohlinia attica and the modern giraffe (measurements ours,
and from Singer & Bon�, 1960)
(PIK – Pikermi; VAT – Vathylakkos)
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and from Singer & Bon�, 1960)
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hard to tell at present.

Palaeotragus rouenii (Gaudry, 1861)
?Palaeotragus rouenii: Áàêàëîâ, 1953, ñòð. 94,
òàáë. IV, ðèñ. 2-5, òàáë. VII, ðèñ. 1
Palaeotragus rouenii: Áàêàë îâ ,  Í èêî ëîâ, 1962,
ñòð.. 75-76, òàáë. XXXI, ðèñ. 3
?Palaeotragus rouenii: Áàêàë îâ ,  Í èêî ëîâ, 1962,
ñòð.. 75-76, òàáë. XXXI, ðèñ. 1, 3-5
?Camelopardalis parva (pars): Áàêàëîâ ,
Í è êî ëîâ, 1962, ñòð. 76, òàáë. XXXI, ðèñ. 8-9.
Holotype. Skull from Pikermi (Gaudry, 1861, pl.
7, fig. 1-3).

Stratigraphic and geographic range. Late
Vallesian to Late Turolian of the Balkano-Iranian
Late Miocene zoogeographic province, plus the
North Pontic region, perhaps extending as far as
Spain and Afghanistan, and very close to the Chi-
nese P. microdon.

Material
The best specimen is a mandible from Hadji-
dimovo, HD-5190, with both complete tooth-
rows (Pl. 2, Fig. 1-2). Its dimensions (Table 3) are
similar to those of the Pikermi and Ditiko speci-
mens. The p2 is large, with well-developed lin-
gual crests. The p3 is rounded, and has distinct
parastylid and paraconid, and a large metaconid

forming an incomplete lingual wall, while p4, of
similar outline and size, is fully molarized.

We also refer to P. rouenii : a poorly preserved
posterior part of a skull from Kalimantsi (Coll.
Museum of Assenovgrad), showing a typically
giraffid occipital morphology; a molar series from
Kalimantsi (Pl. 2, Fig. 3-4) from the collection of
Bakalov and Nikolov, but not mentioned in their
monograph: Áàêàë îâ ,  Íèêî ëîâ, 1962 as giraffid
remain);   a mandible fragment with m2-m3 (fig-
ured as Pl. XXXI-3 in Áàêàë îâ ,  Íèêî ëîâ, 1962), (
the fossils are housed in the collections of the Uni-
versity of Sofia).

Very few metapodial diaphyses, but no com-
plete limb-bone, can be assigned to this species,
the limb-bones of which are as slender as those of
Bohlinia, but much smaller.

There remains an unsolved problem concern-
ing the relative preservation of jaws and limb-
bones in Bohlinia and Palaeotragus. As in sev-
eral other sites, the former is mostly illustrated by
bones, the latter by teeth. It might be that in some
instances, teeth of Bohlinia have been mistaken
for those of Palaeotragus, but this probably does
not fully account for the difference. Perhaps the
length and conspicuous size of Bohlinia limb-
bones made them preferentially collected?

Conclusions
There appears to be no difference in the list of
giraffids from the Kalimantsi fossiliferous area
and Hadjidimovo. Both include Helladotherium
duvernoyi, Bohlinia attica and Palaeotragus
rouenii, although the latter species has not yet
been found in the lowest level of Kalimantsi.
These are exactly the species present at Pikermi.
There is no evidence in Bulgaria of Samotherium,
definitely present in the MN 12 fauna of
Vathylakkos (Geraads, 1978). At first sight, this
might look surprisingly, given the geographic
proximity of these areas, but the Greek sites be-
long to a different fluvial basin, which might have
been inhabited by different contemporaneous bio-
coenoses. The somewhat larger size of
Helladotherium and Bohlinia from the
Kalimantsi localities of the MN12 zone in com-
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P L AT E  I
Helladotherium duvernoyi. Fig. 1: K-5156 from Kalimantsi, upper tooth-row. Fig. 2: same specimen, dorsal view of
muzzle. Fig. 3: HD-5157 from Hadjidimovo, front teeth. Fig. 4: same specimen, labial view of cheek-teeth. Fig. 5: same
specimen, occlusal view of cheek-teeth. Scale = 10 cm for Figs 1, 4, 5; 20 cm for Fig. 2; 5 cm for Fig. 3.

P L AT E  II
Fig. 1-4: Palaeotragus rouenii. Fig. 1: mandible HD-5190 from Hadjidimovo. Fig. 2: same specimen, right premolars in
occlusal view. Fig. 3: Right molar series, labial view (University of Sofia). Fig. 4: same specimen, occlusal view. Fig. 5:
Bohlinia attica, (K 5521) from Kalimantsi, occlusal views of the premolar and molar series. Fig. 6: Helladotherium
duvernoyi, K-5204 from Kalimantsi, occlusal view of dp3-m1. Scale = 10 cm for Figs 1, 3-6; 5 cm for Fig. 2.
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parison with the specimens from Hadjidimovo
(MN11/12 boundary) and Kalimantsi-1 (MN11?)
possibly indicates a size increase with time. More
material is needed to support this hypothesis, be-
cause the Helladotherium from Kalimantsi is also
larger than the roughly contemporaneous one
from Pikermi, perhaps reflecting different eco-
logical conditions.
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