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A new elephantoid dental specimen from the Miocene
of KrusSevac Basin in Central Serbia

PREDRAG RADOVIC! & KATARINA BRADIC-MILINOVIC?

Abstract. Elephantoid cheek teeth from the late Early and Middle Miocene of Europe frequently display
mixtures of bunodont and zygodont features, making their taxonomical attributions difficult and subjective.
Today, these teeth with “intermediate” morphologies are attributed either to the mammutid species Zygolo-
phodon turicensis, or to the gomphothere genus Gomphotherium - as a variation of G. angustidens or as a sep-
arate species G subtapiroideum. This paper presents one such specimen, a fragmented lower third molar
which originated from Miocene sandstones within the KruSevac Basin (possibly from the village of Bela Vo-
da) in Central Serbia. We described the fossil and examined its metric properties 1n comparative context.
Furthermore, we applied the semiquantitative method of WANG et al. (2016) 1in order to reduce subjectivity in
our assessment of the degree of specimen’s zygodonty. Our results suggested that the specimen resembles Z.

turicensis more closely than either G angustidens and G. subtapiroideum, both 1n terms of the metrics and the
degree of zygodonty. However, we were not able to make a firm taxonomical attribution, due to the fact that

the specimen represents an 1solated and incomplete fossil.

Key words: bunodont, zygodont, elephantoid, Gomphotherium, Zygolophodon, Miocene, KruSevac Basin,
Serbia.

AncrpakTt. 3y0u enedaHTOU/la U3 KaCHOr-paHOT U cpeiber MuolieHa EBporie 4ecTo nokasyjy MellaBUHE

OYHOJOHTHUX U 3UTOJIOHTHUX KapaKTEPUCTHUKA, LIITO OTEKaBa U CY0JCKTUBHU3Y]€ HUXOBY TAKCOHOMCKY aTpH-
Oyiu)y. OBakBH 3yOu ca “HHTEepMEaU]apHUM~ MOP(OIOIIKUM KapaKTepUCTHKaMa JaHac Ce€ CBPCTaBajy WiId Y
OKBUPE MaMyTHJICKE BpcTe Zygolophodon turicensis, uin mely npunagauke rombporepuackor poga Gom-
photherium - kao Bapujauuja spcre G angustidens winn xkao 3aceOHa Bpcra (. subtapiroideum. Y oBOM paay
j€ MpeJICTaB/bEH J€/IaH TakaB IpUMEPAK (PparMEHTUPAHOT JIOWBET Tpeher KyTmaka, KOJu MOTHYE U3 MUOLICH-
CKHX MeIlIyapa y OKBUPY KpylieBadkor oaceHna (moryhe u3 cena bena Boaa) y nenrpanno) Cpouju. Onucanu
CMO (DOCHIJTHM TIPUMEPAK U HUCITUTAIIM HErOBE METPHUUKE OCOOMHE Y KOMITapaTUBHOM KOHTEKCTY. Takohe, npu-
MEHMJIM CMO ITOJIYKBAaHTHUTATUBHU METOJI WANG et al. (2016) kako OM cMamuIIM CYOJEeKTHBHOCT MPUITUKOM
NpOLICHE CcTeneHa 3urojionurje. Hamu pesyiararu cyrepuiily aa npuMepaxk Buuie rnojceha Ha Bpery Z. turi-
censis Hero Ha Bpcte G angustidens u G. subtapiroideum, Kako y norjicy METpUUYKUX KAPAKTEPUCTUKA, TAKO
Uy TIOIJIEY CTEIEHA 3UurogoHIyje. MehyTum, HUCMO YCIENU J1a YCIOCTAaBUMO CUTYPHU]Y TAKCOHOMCKY aTpH-
Oy11]y, 300T YUKBEHHUIIE J1a IPUMEpPAK MPEJICTaB/ba U30JI0BAHU U HEKOMILIETAH (DOCHII.

K/byuyHe peuyn: OYHOLOHT, 3UT'OJIOHT, eliepanrous, Gomphotherium, Zygolophodon, MUOLICH, KPYLLIEBAYKH
0acen, CpOuja.

Introduction erolophodonts) (GOHLICH, 1999, 2010). Among the
members of superfamily Elephantoidea GRrAy, 1821,

Throughout the most of the Miocene epoch, pro- there 1s a major morphological distinction based on
boscideans were well represented in Europe by  the form of cheek dentition, which are differentiated
deinotheres and diverse forms of “mastodonts” (mam-  between the so-called bunodont and zygodont pat-

mutids, gomphotheres, amebelodonts, and cho- terns. The patterns are typified by the gomphothere

I National Museum Kraljevo, Trg Svetog Save 2, 36000 Kraljevo, Serbia. E-mail: pedja radovic@yahoo.com
2 Geological Survey of Serbia, Rovinjska 12, 11000 Belgrade, Serbia. E-mail: bradic.kaca@gmail.com
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Fig. 1. Map of Serbia showing position of the KruSevac Basin
(black rectangle), and Bela Voda site (red triangle).

Gomphotherium and the mammutid Zygolophodon,
which were among the earliest proboscideans to arrive
in Europe at the end of MN3 (early Orleanian; MEIN,
1999), with the record of the deinothere Prodeinothe-
rium bavaricum from Lesvos 1sland (Greece) as early
as MN3b (Kouros et al., 2003). However, dental spe-
cimens from the late Early and Middle Miocene of
Europe frequently show mixtures of bunodont and
zygodont features, making their taxonomical attribu-
tions rather difficult and subjective (TOBIEN, 1972;
Mazo, 1996). Among the multitude of elephantoid
specimens recorded in the Neogene of Serbia (PAvVLO-
VIC, 1981, 1998), only a small number of specimens
show these “intermediate” morphologies. In this pa-
per, we describe and examine a fragmented elephan-
toid molar with intermediate morphology, discovered
recently in Central Serbia. In order to minimize the
subjectivity in our assessment of the specimen’s zygo-
donty, we applied a new, semiquantitative method
suggested by WANG et al. (2016). The specimen origi-
nated from the KruSevac Basin, a semi-isolated Neo-
Alpine tectonic depression (graben), mostly filled
with thick Early and Middle Miocene lacustrine clas-
tics (KNEZEVIC, 1997; MAROVIC et al., 2007). These
sediments have been known for the abundance of pro-
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boscidean fossils (PETKOVIC, 1926; PAvLOVIC et al.,
1977; MARKOVIC et al., 2004). Unfortunately, the spe-
cimen reported herein represents an accidental find by
a local, so the exact geographical location and the
stratigraphic provenance of the fossil remains un-
known. However, there 1s a distinct possibility that the
specimen originated from the lacustrine sediments in
Bela Voda village near KruSevac (Fig. 1), recently
dated to MN5-6 (MARKOVIC, 2008).

Materials and methods

The material consists of an isolated and fragmented
left lower third molar crown (m3 sin.), NMKVRS.P5.
The specimen 1s curated at the National Museum
Kraljevo (abbreviated NMKVRS), Serbia. The odon-
tological terminology in this paper follows TASSY
(1996), ToBIEN (1996), and WANG et al. (2016) (Fig.
2), and the measurements were taken after GOHLICH
(1998). The specimen’s degree of zygodonty was
assessed using the method proposed by WANG et al.
(2016). For metric comparisons, we applied an adjust-
ed z-score analysis, which allows the comparison of

cga

meso

pol

ZC

meso
po2

2C

Fig. 2. Dental nomenclature: acrl) anterior crescentoid (1.e. cen-
tral conule) of the first lophid; c¢ga) anterior cingulum; ectf) ecto-
flexid (its ‘U’-shaped form marked with line); meso — mesoco-
nelets; perl, per2) posterior pretrite crescentoids of the first and
second lophids; pol, po2) posttrite main cusps of the first and
second lophids (metaconid and entoconid, respectively); prl,
pr2) pretrite main cusps of the first and second lophids (proto-
conid and hypoconid, respectively); sm) median sulcus; zc) zygo-
dont (vestibular) crests. Numbers on the right mark the first and
second lophids, separated by the transverse (interlophid) valley.

unbalanced samples, often limitative for the fossil
record, using the Student’s t inverse distribution (Sco-
LAN et al., 2012; ZANOLLI, 2013). In addition, we used
a method based on the likelihood ratio test to deter-
mine whether the measurements for NMKVRS.P5
were more representative of one of two elephantoid
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samples (species) within a given pair (VAN BUUREN,
2004; NOowACZEWSKA et al., 2013). The following taxa
and localities were used for comparative analysis — Z.
turicensis. Malartic (France, MN7), Wartenberg
(Germany, MNS), Bitola (FYR Macedonia, Miocene)
(TAssy, 1977; GOHLICH, 1998; GAREVSKI et al., 2012);
G. angustidens: Feldmoching (Germany, Miocene),
Achldort (Germany, MN7), Simorre (France, MN7),
En P¢jouan (France, MN7) (GOHLICH, 1998; TAssY,
1974; TAssy, 2014); G. subtapiroideum: Massenhausen
(Germany, MN8/9), Sandelzhausen (Germany, MNS)
(GOHLICH, 1998, 2010). Abbreviations: MN — Mam-
malian Neogene; sin. — sinistra (left); p — mandibular
premolar; m — mandibular molar.

Description

The fossil 1s a mesial portion of m3 sin. crown, pre-
serving the first two lophids, and missing the root
(Fig. 3). The occlusal morphology can be studied in
detail, since the crown shows no macroscopically ob-
servable wear. The lophids are somewhat antero-pos-
teriorly compressed and separated by a deep and wide
transverse (interlophid) valley, not obstructed by
conules. The antero-posterior compression 1s most
evident on the labial side when viewed laterally (Fig.
3F), with strait (not convex) pretrite walls. The
lophids were probably positioned slightly obliquely
relative to the long axis of the crown (1.e., posterolabi-
ally-anteriolingually), indicating a mandibular molar;
this 1s especially evident in the second lophid, where
the pretrite main cusp (hypoconid) 1s displaced shight-
ly posteriorly, relative to the corresponding posttrite
main cusp (entoconid). The anterior cingulum 1s
strongly developed, mostly restricted to the pretrite
part. The pretrite and posttrite parts of the both lo-
phids are separated by a clear median sulcus. The first
pretrite halt-lophid consists of a large main cusp (pro-
toconid) and a smaller mesoconelet, weakly subdivid-
ed into three or four aligned conelets (unclear due to
the damaged tips), running from the tip of the proto-
conid to the median sulcus. The first posttrite 1s made
up by a large main cusp (metaconid), and a much
smaller mesoconelet, and 1s also weakly subdivided
into four aligned, blunt individual conelets, of which
the largest and highest one 1s the second from meta-
conid. The second pretrite includes a large hypoconid
and only a singular mesoconelet, which 1s large, but
evidently smaller then hypoconid. In the second post-
trite, there 1s a large entoconid, and a mesoconelet,
strongly subdivided into two aligned conelets (a large
one next to the entoconid, and a much smaller one
near the median sulcus). In anterior/posterior views
(Fig. 3C-D), the posttrite parts of the both lophids are
broader and higher then the pretrite half-lophids; also,
the labial walls are inclined (dorso-medially to ventro-
laterally), while the lingual walls are vertical. In the

Fig. 3. The lower left m3 fragment from the KruSevac Basin
(possibly Bela Voda site) NMKVRS.P5: A) occlusal view;
B) inferior view; C) distal view; D) mesial view; E) lingual view;
F) labial view; scale bar = 5 cm.

first pretrite, both the anterior and posterior central
conules form inflated crests (i.e. crescentoid). The an-
terior crescentoid runs from the tip of the protoconid,
down to the posttrite, where 1t merges with the anteri-
or cingulum; its mesial end 1s subdivided into smaller
individual conules. The posterior crescentoid i1s no-
ticeably serrated, and labialy deliniated by a clear sul-
cus; it extends from the tip of the protoconid down to
another small conule in the interlophid (with a dam-
aged tip). In the second pretrite, the posterior central
conule forms a gracile (less intlated) but sharp crest,
which continually extends from the tip of the hypo-
conid to the posterior interlophid; the anterior central
conule fails to reach the tip of hypoconid, and rather
extends from the interlophid to the boundary of the
pretrite main cusp and pretrite mesoconelet. The co-
nules are not massive enough to block the interlophid
valley. In occlusal view (Fig. 3A), the ectoflexid (labi-
al notch of the interlophid) is clearly "U’-shaped.
Zygodont crests are present on the anterior and poste-
rior surfaces of the posttrites (more noticeable on the
second posttrite), but they are very weakly developed.

Remarks

The existence of “intermediate” elephantoid dental
specimens had been a long-standing problem in

Geol. an. Balk. poluos., 2018, 79 (2), 1-10.
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mastodont systematics and taxonomy (MAzo & VAN
DER MADE, 2012). As noted by MAzo (1996), taxo-
nomical identification of these specimens carries an
implied subjectivity that does not facilitate taxonomy
or systematization. Recently, WANG et al. (2016) at-
tempted to standardize assessments of zygodonty 1n
proboscidean dentition by introducing a four-level
scale, where a higher number indicates a higher de-
gree of zygodonty. In their scale, level 0 denotes fully
bunodont forms (e.g. G angustidens), level 1 marks
the forms with “intermediate” bunodont-zygodont mor-
phologies (e.g. G subtapiroideum), while levels 3 and
4 designate well developed zygodonty (as seen in
Zygolophodon and Mammut, respectively). Tested
against the scale of WANG et al. (2016), the molar from
KruSevac Basin falls between levels 1 and 2; the results
are given in Table 1, and briefly discussed bellow.

Pretrite main cusps: In an unworn, typical zygo-
dont tooth, the tip of the pretrite main cusp 1s sharp,
located close to the median axis; in contrast, typical bu-
nodonts (e.g. G. angustidens) show blunt pretrite main
cusps, located farther from the median axis (WANG et
al., 2016). In the fragmented NMKVRS.P5 molar, the
protoconid and hypoconid evidently display sharp tips.
However, the pretrite main cusps do not seem to be
positioned medially.

Pretrite mesoconelets: In a typical bunodont
tooth, the pretrite mesoconelet 1s relatively small, and
non-subdivided. In zygodonts, this element 1s repre-
sented by a thin sharp crest that runs from the tip of
the pretrite main cusp to the median sulcus; however,
the pretrite mesoconelet may also be represented by a
very small, nearly absent conelet. In intermediate
forms (e.g. G subtapiroideum), the pretrite meso-
conelet may be subdivided into several small aligned
conelets running from the tip of the pretrite main cusp
to the median sulcus (WANG et al., 2016).

Pretrite central conules: In a typical zygodont
tooth, these elements consist of strong, sharp enamel
crests, extending from the tip of the pretrite main cusp
to the anterior and posterior interloph(id)s, respectively
(WANG et al., 2016). According to TOBIEN (1973, 1996),
these crests give a certain selenodont ‘crescentoid’ ha-
bitus to the pretrite parts, reminiscent of the anterior
and posterior arms of selenodont/bunoselenodont
molar of an artiodactyl. In contrast, bunodonts usually
show singular or duplicated conule(s), although some
taxa (Cuvieronius, Notiomastodon, Stegomastodon)
show extra accessory conules present in interloph(id)s
(also non-crestlike). In an mtermediate form, these ele-
ments are subdivided into three to four individual
conules, clearly separated in unworn specimens; in

Table 1. Assessment of zygodonty in NMKVRS.P35, following WANG et al. (2016).

Morphological State Notes
element
Pretrite main cusp Sharp The tips are not manifestly close to the median axis.

Pretrite
mesoconelet

nd

the 2

The 17 mesoconelet bears very shallow sulci, which tend to subdivide
Moderately crest-like | this structure into several (2?) small, aligned conelets; unfortunately,

(1%); non-crest-like (2") | the damage of the tip obscures a full assessment of this parameter. In

pretrite, there 1s only a singular (non-subdivided) mesoconelet.

Posttrite main Highly crest-like

Represented by a thick crest. The anterior central conule of the 2™
cusp pretrite does not reach the tip of the hypoconid.

Pretrite central Moderately crest-like

The metaconid shows a slight anteroposterior compression (it 1s
subdivided, however); the entoconid also shows a slight

conules : : ¢ 3
anteroposterior compression (and tends to be subdivided).
The 1" mesoconelet is weakly subdivided into several aligned conelets;
_ the 2™ is subdivided into 2 conelets; however, individual conelets in
rostirite Moderately crest-like | both posttrite half-lophids are thick, blunt, and do not form sharp
mesoconelet

crests. Posttrite main cusps and mesoconelets are clearly separated by a
distinct sulcus.

Vestibular crests Weak Present, but exceptionally weak.
Posttrite central Abserit _
conules
Interlophids Wide anteroposteriorly | This feature 1s also evident in the 'U'-shaped first ectoflexid.

Geol. an. Balk. poluos., 2018, 79 (2), 1-10.
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some lower molars, the anterior central conule does not
extend from the tip of the pretrite main cusp but rather
from the boundary of the pretrite mesoconelet and pre-
trite main cusp (WANG et al.,, 2016). In the
NMKVRS.P5S m3 fragment, pretrite central conules
clearly form crest-like structures. However, as in G
subtapiroideum, the anterior central conule of the sec-
ond pretrite does not reach the tip of the hypoconid.

Posttrite main cusps and mesoconelets: A typical
bunodont shows bulky and pear-shaped posttrite half-
loph(id)s, where a shallow sulcus separates a blunt
main cusp from a non-subdivided mesoconelet; there
1S no anteroposterior compression of the posttrite
whatsoever. In a typical zygodont, the posttrite main
cusps and mesoconelets are poorly separated, strong-
ly anteroposteriorly compressed and transversely ex-
tended, forming a sharp crest; the mesoconelets are
usually subdivided into three or more aligned co-
nelets. In taxa with intermediate morphology, the
posttrite half-loph(id)s show a slight anteroposterior
compression, resulting in an oval ring ?gure 1f wear 1s
present; the mesoconelet 1s subdivided into two
aligned conelets, and the main cusp also tends to be
subdivided (WANG et al., 2016; WANG et al., 2017). As
seen 1n occlusal projection (Fig. 3A), NMKVRS.P5
specimen 1s similar to G. subtapiroideum 1n this re-
gard, showing a slight anteroposterior compression of
posttrite half-lophids; although subdivided into
aligned conelets, posttrite mesoconelets are bunodont,
so they do not form particularly sharp crests. As in a
typical bunodont tooth, posttrite main cusps and
mesoconelets are clearly separated by deep sulci.

Vestibular crests: These enamel structures are sy-
nonymous with zygodont crests of TOBIEN (1996);
they run from the tip of the outermost conule of the
posttrite main cusp, along the anterior or posterior
walls of posttrite halt-lophid, and end 1n the interlophid
valleys (WANG et al., 2016). Vestibular crests are typi-
cal for zygodont, and absent or weakly developed 1n
bunodont cheek teeth (ToBIEN, 1975; 1996). In the
specimen from KruSevac Basin, these crests are inde-
ed present (more so on the second posttrite), but ex-
tremely weak; moreover, they are weaker than those
seen in G. subtapiroideum (e.g. GOHLICH, 2010, Figs.
7d-e, g-1, 8e).

Posttrite central conules: These features are also
known as posttrite enamel pillars (TOBIEN, 1975). In
bunodonts, these elements vary significantly with tax-
onomy; however, if they are present, they do not assume
crest-like habitus. In mammutids, posttrite central
conules are represented by very thin crests, which are
seldom present in Zygolophodon, and more frequent in
Mammut (WANG et al., 2016). In NMKVRS.P5, post-
trite central conules (of any form) are absent altogether.

Interlophids: In contrast to a typical bunodont
tooth, which shows anteroposteriorly narrow inter-
loph(id) valleys blocked by relatively large central
conules, a typical zygodont tooth 1s characterized by

anteroposteriorly wide and open interloph(id)s (WANG
et al., 2016). The valley-blocking central conules, typ-
ical for bunodont teeth, are reduced or almost com-
pletely lacking in zygodonts (GOHLICH, 1999). Ac-
cording to TOBIEN (1996), the pretrite conules 1n
Zygolophodon can be more or less developed, in some
cases almost blocking the open interloph(id) valley. In
the specimen from the KruSevac Basin, the conules
are not massive enough to block the interophid, so the
molar clearly displays the state seen in mammutids
and intermediate forms, such as G subtapiroideum.
Furthermore, the ectoflexid 1s "U’-shaped (Fig. 3A),
like those seen in G subtapiroideum, and unlike the
"V'-shaped ectoflexid of the lower molars of G an-
gustidens, which reflect a compressed interlophid
(WANG et al., 2017).

An oblique arrangement of lophids (posterolabially-
anterolingually, relative to the median axis of the
crown) represents another taxonomically important
feature of the mammutid lower molar crowns.
Although the lower molars of Zygolophodon do not
show as strongly oblique lophids as those seen 1n more
derived forms such as Mammut (OSBORN, 1936),
TOBIEN (1996) claims that this rather distinctive mam-
mutid character can be used for differentiation between
the molars of early Zygolophodon and Gomphothe-
rium. Unfortunately, the relative positions of lophids 1n
NMKVRS.P5 can not be assessed with certainty, since
the specimen only preserves the mesial portion of the
crown; nevertheless, an oblique arrangement 1s evident
in 1ts shlightly posteriorly displaced hypoconid.
Furthermore, this oblique position m NMKVRS.P5
seems less pronounced then in many m3 specimens
classified as Zygolophodon turicensis (e.g. SCHLESIN-
GER, 1917, P1. 22, Fig. 3; ToBIEN, 1975, Figs. 9-10; GA-
REVSKI et al., 2012, Fig. 1 ¢-d), and more akin to the
state observed in G subtapiroideum from Sandel-
zhausen (e.g. GOHLICH, 2010, Figs. 7d-e, g-1, 8e).

Finally, the inclination of the labial and lingual
walls in NMKVRS.P5 follows the pattern observed
both n zygodont and majority of bunodont lower
molars (lingual walls are vertical, labial walls are
inclined; see TOBIEN, 1973, 1975); this feature further
confirms that the specimen indeed represents frag-
ment of a lower molar, but 1t 1s not taxonomically
informative 1n this context.

Metric analysis

The results of our metric analysis are given in Tables
2 and 3. As seen 1n Table 2, the width of the first lophid
(W1) 1s closest to the mean values for Zygolophodon
turicensis. However, there are no statistically signifi-
cant differences (outside the estimated 95% limit of
variation) with the other two samples (1.e. Gomphothe-
rium angustidens and G subtapiroideum). The adjusted
z-score value for the width of the second lophid (W2)

Geol. an. Balk. poluos., 2018, 79 (2), 1-10.
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Table 2. Measurements of NMKVRS.P5 m3 sin. compared to three samples. The 95% limit of variation expressed for each comparative
group lies between —1 and +1, with the mean at 0. Abbreviations: W1 = width of the first lophid, W2 = width of the talonid; SD = stan-
dard deviation; n = number of specimens per sample: z = adjusted z-score value.

Zygolophodon Gomphotherium Gomphotherium
Measurement NMKVRS.P5 turicensis angustidens subtapiroideum
mean (SD/n) mean (SD/n) mean (SD/n)
74.85 (3.03/4) 63.4 (9.34/5) 64.61 (8.42/9)
Wi 77.4
z=0.24 z=10.49 z = (.62
80 (6.55/5) 66.55 (8.5/10) 70.83 (6.25/12)
W2 83
z=0.15 z=10.82 z=0.85

Table 3. Results of the likelihood ratio analysis calculated for the metric traits of NMKVRS.P5 m3 sin., showing to which of two species
this tooth 1s more likely to belong (the values of the likelihood ratios are given in parentheses). Abbreviations: W1 = width of the first

lophid, W2 = width of the talomd.

NMKVRS.PS5 as NMKYVRS.PS as NMKVRS.PS as
Measirement Z. turicensis Z. turicensis G. subtapiroideum
or or or
G. angustidens G. subtapiroideum G. angustidens
W1 Z. turicensis (6.65) Z. turicensis (6.18) G. subtapiroideum (1.08)
W2 Z. turicensis (7.60) Z. turicensis (5.72) G. subtapiroideum (1.33)

also shows no significant differences with any of the
three species, but again, the value 1s closest to the Z
turicensis mean. As shown on Table 3, the calculated
probability (LR) indicates that, for W1 and W2,
NMKVRS.P5 more likely represents a Z. turicensis m3
than those from G. angustidens and G. subtapiroideum.
Furthermore, the specimen more likely belongs to G.
subtapiroideum than to G. angustidens.

The height of the specimen (H), as measured at the
second posttrite, 1s 63 mm. As a quantitative measure
of hypsodonty, the hypsodonty index (HI) was
defined by JANIS (1988) as the height of the unworn

third molar crown divided by the occlusal width of the
same tooth (1.e. HI = Hm3/Wm3); the calculated HI

equals to 1.32, which puts NMKVRS.PS specimen
into the category of low-crowned (brachydont) molars

(HI<1.5; see PFRETZSCHNER, 1992). Following TOBIEN
(1973), we also calculated the index in which the
height of the second lophid 1s expressed as a percent-

age of 1its width (H*100/W); this gives the result 75.9,
also demonstrating a brachyodont state.
Discussion

As 1t 1s known, the members of the family Gom-

photheriidae HAY, 1922 (e.g. Gomphotherium angu-
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stidens) are characterized by their bunodont interme-
diate and third molars, consisting of blunt cone-like
elements (pretrites and posttrites) arranged in several
transverse ridges (loph(id)s), separated by narrow
transverse valleys which are blocked by massive
conules (TOBIEN, 1973; GOHLICH, 1999). In contrast,
Mammutidae HAy, 1922, or the “true mastodonts”
(e.g. Zygolophodon turicensis), are distinguished by
their zygodont cheek teeth, where pretrite and post-
trite elements form yoke-like, sharp transverse crests,
separated by deep and open transverse valleys
(ToBIEN, 1975, 1996). Like lophodont dentition of
deinotheres, zygodont dentition functioned in vertical
shearing (probably an adaptation to folivory), as op-
posed to crushing-shearing mastication in the bunolo-
phodont gomphotheres (TOBIEN, 1996; VAN DER
MADE, 2010; ZHANG et al., 2017). The zygodont pat-
tern 1s easily recognizable in European mammutids
dated from MN7 onwards; however, during the earli-
er, MN3b/4-6 (early Orleanian — late Astaracian) in-
terval, there was a significant morphological overlap
between cheek dentition of Gomphotherium and
Zygolophodon, which show mixtures of zygodont and
bunodont features (MAzo, 1996; MAzO & VAN DER
MADE, 2012). As noted by MAZO & VAN DER MADE
(2012), 1t 1s surprising that zygodont morphology 1s
not fully developed in Europe in MN4-6, considering



A new elephantoid dental specimen from the Miocene of Krusevac Basin in Central Serbia 4

the presence of the well developed zygodont morphol-
ogy 1n the genus Eozygodon trom the basal Early
Miocene of Africa (Aquitanian).

These “intermediate™ dental specimens have proven
to be extremely hard to classify as one genus/family or
another. In general, there are three major views regard-
ing this problem. According to some (e.g. LEHMANN,
1950; ToBIEN, 1972, 1973, 1975, 1996; MAzo, 1985,
1996), the intermediate dental specimens are best
understood as variants within the polymorph G
angustidens species. This view was first introduced by
SCHLESINGER (1917) when he described fossils from the
Lower Miocene lignites of Vordersdorf near Eibiswald
(Styria, Austria) as Mastodon (Bunolophodon) angusti-
dens forma subtapiroidea, in order to distinguish them
from a typical form of the species, M. (B.) angustidens
forma typica (1.e. G angustidens). He remarked that
molars of this “subtapiroid form™ look very similar to
those of Z. turicensis. Particularly interesting in this
context 1s the mandible from Paracuellos 5 (MNG6;
Spain) which displays fully zygodont p4 and m1, and
bunodont m2 (Mazo, 1985). As noted by MAzo0 (1996),
the occurrence of both zygodont and bunodont teeth in
the jaw fragment of the same individual demonstrates
that many 1solated zygodont specimens from the early
Astaracian of Europe could in fact represent remains of
a highly plastic G angustidens. Theretore, this peculiar
case shows that attributions of 1solated elephantoid
dental specimens are particularly susceptible to errors,
and unrehable. The alternative view (e.g. GOHLICH,
1998, 2010) holds that (at least some) intermediate den-
tal specimens do in fact represent a distinct species
within the genus Gomphotherium. OSBORN (1936) was
first to consider Schlesinger’s “forma subtapiroidea” to
be a valid species (within his genus Serridentinus
OSBORN 1923). GAZIRY (1994) regarded molar speci-
mens from the Upper Freshwater Molasse (southern
Germany) as representatives of a valid taxon Bunolo-
phodon subtapiroides (1.e. G. subtapiroides, since Bu-
nolophodon VACEK 1877 became mostly synonymized
with Gomphotherium; see TASSY, 1985; SHOSHANI &
TASSY, 1996). GOHLICH (1998, 2010) used the name G
subtapiroideum for the intermediate dental specimens
from Sandelzhausen (MNJ5) and Massenhausen
(MNS), both located in the southern part of Germany.
The species 1s accepted as a valid taxon by WANG et al.
(2016), who 1included G subtapiroideum into their
‘dertved Gomphotherium group’ (which, interestingly,
appears to correspond to Osborn’s Serridentinus). Ac-
cording to the interpretation by TASSY (1985), most
intermediate specimens actually represent a “robust”
form of Zygolophodon turicensis, which he differenti-
ates from a “slender” morphotype of the species. In his
division of Gomphotherium based on evolutionary
grade, TASSY (1985) did recognize the subspecies G
angustidens subtapiroideum as a part of his “G.
angustidens group’”, but he allocated most of the early
intermediate specimens from Europe into his robust Z.

turicensis morphotype. Indeed, dental morphology
within Mammutidae 1s known to be highly variable
(DUANGKRAYOM et al., 2017).

As our morphological analysis has shown (Tab. 1),
NMKYVRS.P5 does not fit easily in the range of varia-
tion of G. subtapiroideum, nor G. angustidens. In fact,
the specimen falls somewhere on the morphological
spectrum between G subtapiroideum and mammu-
tids, slightly closer to the latter group. The specific
combination of G subtapiroideum-like features (e.g.
non-crest-like second pretrite mesoconelet, absence of
posttrite central conules) and zygodont features (e.g.
highly crest-like pretrite central conules, presence of
vestibular crests) contribute to the specimen’s distinc-
tive “intermediate” form. The oblique arrangement of
the lophids does not seem as pronounced as in mam-
mutid m3s, but this can not be asserted with certainty
due to the fragmentary nature of the specimen. Our
metric analysis (Tabs. 2, 3) has shown that
NMKVRS.P5 specimen has a particularly wide
crown, closer to Z. turicensis than to Gomphotherium;
this 1s especially evident in the width of the second
lophid (W2), which 1s larger than the largest m3 spec-
imens attributed to G. subtapiroideum (see GOHLICH,
2010, Tab. 3). This 1s in agreement with TOBIEN’S
(1975, 1996) claim that mammutid m3s tend to show
wider crowns than those of gomphotheres; G sub-
tapiroideum m3s are known to be smaller than the
large sized specimens of Z. turicensis (GOHLICH,
2010), and the size difference 1s even greater between
G. angustidens and Z. turicensis (TAssy, 1977,
ToBIEN, 1975). Like the majority of proboscideans,
the specimen from the KruSevac Basin displays
brachydonty. Evolutionary trends towards hypsodon-
ty (or “subhypsodonty” sensu OSBORN, 1936: 393) 1n
proboscideans (as in other herbivorous mammals) are
linked with a transition from browsing to a more abra-
sive diet such as grazing (JANIS & FORTELIUS, 1988;
SHOSHANI, 1998; DAMUTH & JANIS, 2011). A full-scale
change to high-crowned (hypsodont) cheeck teeth 1s
found 1n elephants (GOHLICH, 1999). However, some
bunodont elephantoids show a tendency towards sub-
hypsodonty (e.g. Platybelodon, Gnathabelodon,
Choerolophodon), but they never reach the degree of
hypsodonty which is already known already from the
carliest elephants; in zygodont mammutids there 1s no
clear tendency to subhypsodonty (TOBIEN, 1975).
Importantly, hypsodonty of many mastodont molars
depends upon tooth size, and there 1s actually an allo-
metric relation between these two variables; this
means that molars of large size tend to be relatively
hypsodont, while smaller molars appear to be relative-
ly brachyodont (ToBIEN, 1972, 1973, 1975). However,
despite the large size (1.e. width), NMKVRS.P5 does
not show particularly high crown.

In terms of chronology, the fragmented m3 from
KruSevac Basin 1s (most probably) Miocene-aged. It 1s
known that the Basin sedimentary fill contains Early
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and Middle Miocene lacustrine clastics — most notably
sandstones (KNEZEVIC, 1997). The fossil clearly origi-
nated from a sandstone bed, which 1s evidenced by the
yellow coarse sandstone matrix preserved on the under-
side of the crown (Fig. 3B). If the specimen was indeed
discovered at Bela Voda locality (14 km north-west
from KruSevac), then it 1s possible that 1t came from the
sandstones which were recently dated to an MNS5-6
interval (based on the presence of characteristic rodent
taxa — Cricetodon meini, Democricetodon mutilus and
Miodyromys aegercii; see MARKOVIC, 2008). This dat-
ing of NMKVRS.P5 1s even more likely considering
that the majority of other intermediate elephantoid
specimens 1n Europe come from this interval.

Other intermediate proboscid specimens were
reported from Serbia in the past (e.g. PETRONUEVIC
1952, 1967). However, most of those “subtapiroid”
teeth were published more than fifty years ago, and
would certainly benefit from future revisions. This 1s
exemplified by the paired m3s from Sibnica (Levac,
Central Serbia), which were originally attributed to
“Mastodon (Bunodont) angustidens Cuv. forma sub-
tapiroidea” by PETRONLEVIC (1967); in the recent
analysis by STEFANOVIC et al. (2016), the specimens
were reclassified as molars of G angustidens.

Conclusions

Although we can not fully reject the possibility that
NMKVRS.P5 represents Gomphotherium, we are
more inclined to classify the specimen as an early,
robust form of Zygolophodon turicensis. This 1s sup-
ported both by the results of our morphological and
metric analyses. However, due to the fact that the
specimen represents only an 1solated fragment of a
single elephantoid tooth, it 1s not possible to make a
firm taxonomical attribution.
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Pe3ume

HoBu npumepak 3yo0a ejiepanronjia us
MHOLCHA KPYLIEeBAYKOI 0DaceHa y
neHTpaJHoj Cpouju

Mebhy unanosuma Handamunuje Elephantoidea
GRAY, 1821 nocroje uzpaszure pasjiuke y Mopdosio-
[IIKUM KapakTepUCTUKaMa OOYHUX 3yDa, IpU YeMy CE
M3]1Ba)a]y JIBE OCHOBHE CTPYKTYpe — T3B. OYHO/IOHTHA
U 3UTOJIOHTHA. TUIIMYHHU MPEACTABHULM OBUX JIBE]Y
neHTaaHux Gopmu cy poaosu Gomphoterium (OyHO-
IIOHT) U Zygolophodon (3UTOJIOHT), YUJU IIPEACTABHU-
mu (Bpcre G angustidens w Z. turicensis) Criazajy
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Mehy Hajpanuje cypraame y EBporin (MN3b/4; MEIN,
1999). Mako oBU pOJI0BH MPUIIAJIa]y pa3IuduTUM (a-
MUWIM]aMa W y Ha4dely UMaJy BpJIO JUCTUHKTHUBHE
NeHTaJaHe Mop(dosioruje, 3yOru U3 KaCHHUJEr Jejia paHor
U cpeamer MuolieHa EBporie yecTo nokasyjy KoMOM-
Haly]e OYHOJOHTHUX M 3UTOJIOHTHUX KapaKTCPUCTH-
Ka, IITO YMHOIOME OT€KaBa HHXOBY TAKCOHOMCKY
arpuOynu)y. JeaH TakaB ,,MHTCPMECIAUJapHU" IPUME-
pak je ONKCaH U aHaJIU3UPaH Y OBOM pany.

HcnutuBanu ¢parmeHT aomer tpeher KyTwaka
cypiama (NMKVRS.PS) nortuue U3 KpyuieBaukor
OaceHa, MOJIyU30JI0BAHE TEKTOHCKE JCIIPECH]E UCITY-
IBCHE J€3€PCKUM KJIACTUTUMA JOHEr U CpPEmbEr
muoneHa (KNEZEVIC, 1997; MARoVIC et al., 2007).
OBHU ceIMMEHTHU Cy Beh Jyro mos3Haru 1o Hajiazuma
docuiHux cypiama (PETKOVIC, 1926; PAVLOVIC et al.,
1977; MARKOVIC et al., 2004). Haxasioct, mpumepax
M3 KPYIIEBAYKOI OaceHa IpeJicTaB/ba CIy4ajHU Hajlas
O/l CTpaHE amarepa, na tadyHa reorpad)cka Jiokaluja u
crparurpad)cka MpUuIagHoCT 0cTajy Herno3Hare. Mnak,
HaJla3 HaJBEpPOBATHHU]E TMOTHUYE U3 CeIMMEHara celia
bena Boxa kon KpyiieBna, koju rnmpemMa HOBUJUM I10-
nanuma rnpurmnaaajy 3o0iu MNS-6 (MARKOVIC, 2008).

Kako Ou ce yTBpjuiIa TaKCOHOMCKA IPUIATHOCT
docuiia, TpUCTYNUIO C€ NMPUMEHH BHUIIEC METOJA —
CTEIICH 3UTOJOHIIU]E ]€ OLCHECH IMMPUMEHOM METOoja
KOJU Cy mnpemiokuim WANG et al. (2016), a ananuza
METPUYKHX IMOJIaTaKa Y KOMIIAPATUBHOM KOHTEKCTY ]€
CIIPOBEJICHA MPUMEHOM T3B. MIpHiiaroheHe ,,z*° CkKop
aHanuze (SCOLAN et al., 2012; ZANoLLi, 2013) wu
METO/Ia 3aCHOBAHOI HA TECTY OJIHOCAa BepoBaTHOha
(VAN BURREN, 2004; NOWACZEWSKA et al., 2013).
3UTrOJIOHIIM]a IPUMEPKA U3 KPYLLIEBAYKOI DaceHa orle-
BCHA Je Kao Impena3sHa usMely mpBor (kKapakTepwu-
ctu4HOr 3a Bpcty G subtapiroideum) u npyror (Z.
turicensis) CTENEHA, HELITO OJIMKE APYroM CTEMNCHY
(Tabena 1). Merpuuka ananuza (Tabene 2 u 3)
nokasalia je Jia cy mupune oda noduma (W1 u W2)
OJIMKE CPEABbUM BPEAHOCTUMA 34 BPCTY Z. turicensis
HEro CpelilbUM BpeaHOCTUMA 3a BpcTe G. angustidens
u G subtapiroideum; mehytum, Tpeba HarlacuTu ja
HE TIO0CTOJ€ CTAaTUCTUYKU 3HAa4YajHE pa3jiuKe (3a HUBO
nosepewa o1 95%). Ha ocHOBy pe3yirara aHajin3e He
MOXXEMO Yy MOTIYHOCTH OA0AUMTH MOTYhHOCT Ja
NMKVRS.P5 npunana pony Gomphoterium, aiu cMo
UITaK CKJIOHM J]a IPUMEpAK KJIaCU(UKY]eMO Ka0 paHy,
poOycTHY (hopMmy Bpcte Z. turicensis. C 003upoM Ha
YMILCHUILY Jla Hajla3 IpeAcTaB/ba M30JIOBAaHU (par-
MEHT caMoO jeaHOor 3yba, HHje Moryhe roy3jgaHuje
YTBPAUTH TAKCOHOMCKY IIPUIIA/THOCT.
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