
Измењено: 2025-01-14 02:11:26

 

Дигитални репозиторијум Рударско-геолошког факултета Универзитета у Београду

[ДР РГФ]

| | | | |

http://dr.rgf.bg.ac.rs/s/repo/item/0009435

Дигитални репозиторијум Рударско-геолошког факултета
Универзитета у Београду омогућава приступ издањима
Факултета и радовима запослених доступним у слободном
приступу. - Претрага репозиторијума доступна је на
www.dr.rgf.bg.ac.rs

The Digital repository of The University of Belgrade
Faculty of Mining and Geology archives faculty
publications available in open access, as well as the
employees' publications. - The Repository is available at:
www.dr.rgf.bg.ac.rs



ResearchGate 

See discussions, stats, and author profiles for this publication at: https://ww.researchgate.net/publication/329866647 

A new elephantoid dental specimen from the Miocene of Kruševac Basin in 

Central Serbia 

Article in Geoloski anali Balkanskog poluostrva · December 2018 
DOI: 10.2298/GABP1802001R 

CITATIONS 

0 

2 authors: 

Predrag Radović Katarina Bradić-Milinović 
J NationalMuseum Kraljevo, Serbia Geological Survey of Serbia 

14 PUBLICATIONS 19 CITATIONS 10 PUBLICATIONS 45 CITATIONS 

SEE PROFILE SEE PROFILE 

Some ofthe authors of this publication are also working on these related projects: 

wwe= | Paleoanthropology of the Balkan Penninsula View project 

wwes | The evolution of Paratethys: the lost sea of Central Eurasia View project 

All content following this page was uploaded by Predrag Radović on 22 December 2018. 

The user has requested enhancement of the downloaded file,



TEOJIOIIKH AHAJIM BAJIKAHCKOTA IIOJIyYOCTPBA 

ANNALES GEOLOGIQUES DE LA PENINSULE BALKANIQUE 

79 (2) 1-10 BEOFPA,E[, neueM6ap 2018 

BELGRADE, December 2018 

https://doi.org/10.2298/GABP180200IR Original scientific paper 

OpuruHa;tHuH HayuHH paji 

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

PREDRAG RADOVIĆ! & KATARINA BRADIĆ-MILINOVIĆU 

Abstract. Elephantoid cheek teeth from the late Early and Middle Miocene of Europe frequently display 

mixtures of bunodont and zygodont features, making thcir taxonomical attributions difficult and subjective. 

Today, these teeth with “intermediate” morphologies are attributed cither to the mammutid species Zygo/lo- 

phodon turicensis, or to the gomphothere genus Gomphnotherium – as a variation of G: angustidens or as a sep- 

arate species G subftapiroideum. This paper presents one such specimen, a fragmented lower third molar 

which originated from Miocene sandstones within the Kruševac Basin (possibly from the village of Bela Vo- 

da) in Central Serbia. We described the fossil and examined its metric properties in comparative context. 

Furthermore, we applied the semiquantitative method of WANG et al. (2016) in 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 cither G angustidens and G. subtapiroideum, both in 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 specimcn represents an isolated and incomplete fossil. 

Key words: bunodont, zygodont, elephantoid, Gompnotfherium, Zyvgolophodon, Miocene, Kruševac Basin, 

Serbia. 

AncrpakrT. 3y0u ene(anrouana 13 kacHor-paHor H cpejitber MHoOIIeHa EpBpore uccTo noKayyjy MeImaBHHC 
OyHOJIOHTHHX H 3HTOJIOHTHHX KapaKTepHcTHKa, IIITO OTec)KaBa H CyOjekTHBH3yjc MOHXOBy TAKCOHOMCKy aTpH- 
OyunJy. OBakBH 3yOH ca “HHTepMeJiHjapHHM” MOP(DOJIOIIIKHM KapakTepHcTHKaMa JlaHac Cc CBpCTAaBAaJy HJIH y 

OKBHpČ MaMyTHJICKC BpcTe Zygo/ophodon furicensis, ana Meby mpHnajHHKe roM(borepuHjickor pona Gom- 

photherium – kao Bapujauuja BpcTre G. angusftidens a Kkao 3aceOHa Bpcra G subfapiroideum. V OBOM pajy 

je npejcraBJbeH jenaH TaKaB IpHMepak (bparMeHTHpaHor JUOMber Tpcher KyTHMaka, KOjH HIOTHUC H3 MHOIIČH- 
CKHX remmuapa y OKBHpy KpyuieBaukor OaceHa (Moryhe H3 ceza Bena Bojna) y ueHrpajntiHoj Cpouju. Onucaji 

CMO (bocHJIHH IIpHMcpak H HcHHTAJIH PeTOBC MeTpHuKe OCOOHHC y KOMIIAapaTHBHOM KOHTeKCTy. Takol)c, ripH- 
MCHHJIH CMO IHOJIyKBaHTHTaTHBHH MCTO,L WANG et al. (2016) kako OH cMaMbHJIH CyOjeKTHBHOCT IIDpHJIHKOM 

nponeHe creneHa 3uronoHuuje. Hamm pesayarara cyrepumty a mpHMepak BHute nojiceha Ha BpcTy Z. furi- 
censis Hero Ha BpcTe G. angustidens a G. subfapiroideum, Kako y norneJVy MeTpHukHX KapakTepHcTHKa, TaKO 

H y norjteJy cTencHa 3HrojloHIHje. MelbyTHM, HHcMO ycne;nH Jla ycrIlOCTaBHMO CHTypHHjy TaKCOHOMCKy aTpH- 
Oyunjy, 30or uHMbeHHie Jl IIpHMepaK IIpcjicTaBJba H30JIOBaHH H HCKOMITIJIČTaH (bOCHJI. 

KibyuHe peuun: OyHOJIOHT, 3HrOJLOHT, cJte~baHTouji, Gomphofherium, Zygolophodon, Maouen, kpyuteBaukH 

OaceH, Cpobja. 

Introduction 

Throughout the most of the Miocene epoch, pro- 
boscideans werec well represented in Europe by 
deinotheres and diverse forms of “mastodonts” (mam- 
mutids, gomphotheres, amebelodonts, and cho- 

erolophodonts) (GOHLICH, 1999, 2010). Among the 
members of superfamily Elephantoidea GRAy, 1821, 
there is a major morphological distinction based on 
the form of cheek dentition, which are differentiated 

between the so-called bunodont and zygodont pat- 
terns. The patterns are typified by the gomphothere 

1 National Museum Kraljevo, Trg Svetog Save 2, 36000 Kraljevo, Serbia. E-mail: pedja radovic(q)yyahoo.com 

? Geological Survey of Serbia, Rovinjska 12, 11000 Belgrade, Serbia. E-mail: bradic.kaca(aygmail.com
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Kragujevac 
• 

Fig. 1. Map of Serbia showing position of the Kruševac Basin 

(black rectangle), and Bela Voda site (red triangle). 

Gomphotherium and the mammutid Zygo/ophodon, 
which were among the carliest proboscideans to arrive 
in Europe at the end of MN3 (early Orleanian; MEIN, 

1999), with the record of the deinothere Prodeinofhe- 
rium bavaricum from Lesvos island (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; 

MAazo, 1996). Among the multitude of elephantoid 

specimens recorded in the Neogene of Serbia (PAVLO- 
VIĆ, 1981, 1998), only a small number of specimens 
show these “intermediate” morphologies. In this pa- 
per, we describe and examine a fragmented clephan- 
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 Kruševac Basin, a semi-isolated Neo- 

Alpine tectonic depression (graben), mostly filled 
with thick Early and Middle Miocene lacustrine clas- 
tics (KNEŽEVIĆ, 1997; MARoVIĆ et al., 2007). These 
sediments have been known for the abundance of pro- 

Geol. an. Balk. poluos., 2018, 79 (2), 1—10. 

boscidean fossils (PETKOVIĆ, 1926; PAVLOVIĆ et al., 
1977; MARKOVIĆ et al., 2004). Unfortunately, the spe- 
cimen reported hercin represents an accidental find by 
a local, so the exact geographical location and the 
stratigraphic provenance of the fossil remains un- 
known. However, there is a distinct possibility that the 
specimen originated from the lacustrine sediments in 
Bela Voda village near Kruševac (Fig. 1), recently 
dated to MN5-6 (MARKović, 2008). 

Materials and methods 

The material consists of an isolated and fragmented 
left lower third molar crown (m3 sin.), NMKVRS.P5. 

The specimen is 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 degreec 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 

Fig. 2. Dental nomenclature: acr1) anterior crescentoid (i.e. cen- 

tral conule) of the first lophid; cga) anterior cingulum; ectf) ecto- 

flexid (its *U'-shaped form marked with line); meso — mesoco- 

nelets; pcr1l, pcr2) 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 thc 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; NOWACZEWSKA ect al., 2013). The following taxa 

and localities were used for comparative analysis — Z. 
turicensis: Malartic (France, MN7), Wartenberg 
(Germany, MN&), Bitola (FYR Macedonia, Miocenc) 
(TAssY, 1977; GOHLICH, 1998; GAREVSKI et al., 2012); 

G angustidens: Feldmoching (Germany, Miocene), 

Achldort (Germany, MN7), Simorre (France, MN7), 
En Pćjouan (France, MN7) (GOHLICH, 1998; TASSY, 

1974; TAssY, 2014); G subtapiroideum: Massenhausen 

(Germany, MN8/9), Sandelzhausen (Germany, MN5) 
(GOHLICH, 1998, 2010). Abbreviations: MN — Mam- 
malian Neogene; sin. — sinistra (left); p — mandibular 
premolar; m – mandibular molar. 

Description 

The fossil is 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 is 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 (i.e., posterolabi- 
ally-anteriolingually), indicating a mandibular molar; 
this is especially evident in the second lophid, where 
the pretrite main cusp (hypoconid) is displaced slight- 
ly posteriorly, relative to the corresponding posttrite 
main cusp (entoconid). The anterior cingulum is 
strongly developed, mostly restricted to the prctrite 
part. The pretrite and posttrite parts of the both lo- 
phids are separated by a clear median sulcus. The first 
pretrite half-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 is made 
up by a large main cusp (metaconid), and a much 
smaller mesoconelet, and is also weakly subdivided 
into four aligned, blunt individual conelets, of which 

the largest and highest one is the sececond from meta- 
conid. The second pretrite includes a large hypoconid 
and only a singular mesoconelet, which is large, but 
evidently smaller then hypoconid. In the second post- 
trite, thcre is a large entoconid, and a mesoconelet, 

strongly subdivided into two aligned conelets (a large 
one next to the entoconid, and a much smaller onc 

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 Kruševac 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.c. crescentoid). The an- 
terior crescentoid runs from the tip of the protoconid, 
down to the posttrite, where it merges with the anteri- 
or cingulum; its mesial end is subdivided into smaller 

individual conules. The posterior crescentoid is 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 inflated) 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), thce 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 in 
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 angusfidens), level 1 marks 
the forms with “intermediate” bunodont-zygodont mor- 
phologies (e.g. G subfapiroideum), while levels 3 and 
4 designate well developed zygodonty (as scen in 
Zygolophodon and Mammut, respectively). Tested 
against the scale of WANG ct al. (2016), the molar from 
Kruševac 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 is 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 NMK VRS.P5 molar, the 

protoconid and hypoconid cvidently 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 is relatively small, and 
non-subdivided. In zygodonts, this clement is reprc- 
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 givc a certain selenodont “crescentoid” ha- 
bitus to thc 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), alttough somc 
taxa (Cuvieronius, Notiomastodon, Sfegomastodon) 
show extra accessory conules present in interloph(id)s 
(also non-crestlike). In an intermediate form, these cle- 
ments are subdivided into three to four individual 
conules, clearly separated in unworn specimens; in 

Table 1. Assessment of zygodonty in NMKVRS.P5, following WANG et al. (2016). 

Morphological State Notes 
element 

Pretrite main cusp Sharp The tips are not manifestly close to the median axis. 

Moderately crest-like 

(1%); non-crest-like (2") 
Pretrite 

mesoconelet 

The 1" mesoconelet bears very shallow sulci, which tend to subdivide 

this structure into several (2?) small, aligned conelets; unfortunately, 

the damage of the tip obscures a full assessment of this parameter. In 

the 2" pretrite, there is 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 is 

subdivided, however); the entoconid also shows a slight 
conules . . .. 

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 

Positrite 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 Absent _ 
conules 

Interlophids Wide anteroposteriorly | This feature is also evident in the 'U'-shaped first ectoflexid. 

Geol. an. Balk. poluos., 2018, 79 (2), I-10.
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some lower molars, the anterior central conule does not 

extend from the tip of thc pretrite main cusp but rather 
from the boundary of the pretrite mesoconelet and pre- 
trite main cusp (WANG et al., 2016). In the 
NMKVRS.P5 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 rcach the tip of the hypoconid. 

Posttrite main cusps and mesoconelets: A typical 
bunodont shows bulky and pcar-shaped posttrite half- 
loph(id)s, where a shallow sulcus separates a blunt 
main cusp from a non-subdivided mesoconelet; there 
is no anteroposterior compression of thc posttrite 
whatsoecver. In a typical zygodont, the posttrite main 
cusps and mesoconeclets are poorly separated, strong- 
ly anteroposteriorly compressed and transverscly ex- 
tended, forming a sharp crest; the mesoconelets arc 
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 if wear is 
present; the mesoconelet is subdivided into two 
aligned conelets, and the main cusp also tends to be 
subdivided (WANG et al., 2016; WANG et al., 2017). As 

seen in occlusal projection (Fig. 3A), NMKVRS.P5 
specimen is similar to G subfapiroideum in 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 thc anterior or posterior 
walls of posttrite half-lophid, and cnd in the interlophid 
valleys (WANG et al., 2016). Vestibular crests are typi- 
cal for zygodont, and abscnt or weakly developed in 
bunodont cheek teeth (TOBIEN, 1975:; 1996). In the 
specimen from Kruševac 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-i, Še). 

Posttrite central conules: These features arc 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 vcery thin crests, which arc 
seldom present in Zygo/ophodon, 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 is characterized by 

anteroposteriorly wide and opcn 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), thc pretrite conules in 
Zygolophodon can be more or less developed, in some 
cases almost blocking the open interloph(id) valley. In 
the specimen from the Kruševac Basin, the conules 
are not massive enough to block the interophid, so the 
molar clearly displays thc state seen in mammutids 
and intermediate forms, such as G subfapiroideum. 
Furthermore, the ectoflexid is "U'-shaped (Fig. 3A), 
like those seen in G subfapiroideum, 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 Zygo/ophodon do not 
show as strongly oblique lophids as those seen in 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 in 
NMKVRS.P5 can not be assessed with certainty, since 
the specimen only preserves the mesial portion of the 
crown; nevertheless, an oblique arrangement is cvident 
in its slightly posteriorly  displaced  hypoconid. 
Furthermore, this oblique position in NMKVRS.P5 
seems less pronounced then in many m3 specimens 
classificd as Zygo/ophodon turicensis (c.g. SCHLESIN- 
GER, 1917, PI. 22, Fig. 3; TOBIEN, 1975, Figs. 9-10; GA- 

REVSKI et al., 2012, Fig. 1 c-d), and more akin to the 

state observed in G suwbfapiroideum from Sandel- 
zhausen (e.g. GOHLICH, 2010, Figs. 7d-e, g-i, 8e). 

Finally, the inclination of the labial and lingual 
walls in NMKVRS.P5 follows the pattern observed 
both in zygodont and majority of bunodont lower 
molars (lingual walls arc vertical, labial walls are 
inclined; see TOBIEN, 1973, 1975); this feature further 

confirms that the specimen indced rcpresents frag- 
ment of a lower molar, but it is not taxonomically 
informative in this context. 

Metric analysis 

The results of our metric analysis are given in Tables 
2 and 3. As seen in Table 2, the width ofthe first lophid 
(W1) is closest to the mean values for Zygo/ophodon 
turicensis. However, there are no statistically signifi- 
cant differences (outside the estimated 95% limit of 
variation) with the other two samples (i.ece. Gomphofhe- 
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: WI = 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. 

lophid, W2 = width of the talonid. 

Zygolophodon Gomphotherinm Gomphotherinm 
Measurement NMKVRS.P5 furicensis 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=0.49 z=0.62 

80 (6.55/5) 66.55 (8.5/10) 70.83 (6.25/12) 
W2 83 

z=0.15 z=0.82 z=0.85 

Table 3. Results of the likelihood ratio analysis calculated for the metric traits of NMK VRS.P5 m3 sin., showing to which of two species 

this tooth is more likely to belong (the values of the likelihood ratios are given in parentheses). Abbreviations: WI = width of the first 

NMKVRS.P5 as NMKVRS.P5 as NMKVRS.P5 as 
MER HCIHCHI Z. turicensis Z. turicensis G. subtapiroideum 

or or or 
G. angustidens G. subtapiroideum G. angustidens 

WI 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 thc 
three species, but again, the value is 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. furicensis m3 
than those from G angusfidens and G. subtapiroideum. 
Furthermore, the specimen more likely belongs to G 
subtapiroideum than to G. angustidens. 

The hcight of the specimen (H), as measured at the 
second posttrite, is 63 mm. As a quantitative measurc 
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 ofthe 
same tooth (i.e. HI = Hm3/Wm3); the calculated HI 
equals to 1.32, which puts NMKVRS.P5 specimen 
into the category of low-crowned (brachydont) molars 
(HI<1.5; sec PFRETZSCHNER, 1992). Following TOBIEN 
(1973), we also calculated the index in which thc 
height of the second lophid is expressed as a percent- 
age of its width (H*100/W); this gives the result 75.9, 
also demonstrating a brachyodont state. 

Discussion 

As it is 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 conc-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 yokc-like, sharp transverse crests, 
separated by decp 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 is casily recognizable in European mammutids 
dated from MN7 onwards; however, during the carli- 

er, MN3b/4-6 (carly 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 (MAZoO, 1996; MAZO & VAN DER 

MaApE, 2012). As noted by MAzZO & VAN DER MADE 
(2012), it is surprising that zygodont morphology is 
not fully developed in Europe in MN4-6, considering
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the presence of the well developed zygodont morphol- 
ogy in the genus Fozygodon from 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 gencral, thcre are three major vicws 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 thom 
from a typical form of the species, M. (B.) angustidens 
forma fypica (i.c. G angustidens). He remarked that 
molars of this “subtapiroid form” look very similar to 
those of Z. furicensis. Particularly interesting, in this 
context is the mandible from Paracuellos 5 (MN6; 
Spain) which displays fully zygodont p4 and ml, and 
bunodont m2 (MaZo, 1985). As noted by Mazo (1996), 
the occurrence of both zygodont and bunodont teeth in 
the jaw fragment of the same individual demonstrates 
that many isolated zygodont specimens from the carly 
Astaracian of Europe could in fact represent remains of 
a highly plastic G angusfidens. Therefore, this peculiar 
case shows that attributions of isolated elephantoid 
dental specimens are particularly susceptible to crrors, 
and unreliable. The alternative vicw (e.g. GOHLICH, 
1998, 2010) holds that (at least some) intermediate den- 
tal specimens do in fact represent a distinct species 
within the genus Gomphotfherium. OSBORN (1936) was 
first to consider Schlesinger's “forma subfapiroidea” to 
be a valid species (within his genus Serridemfinus 
OSBORN 1923). GAZIRY (1994) regarded molar speci- 
mens from the Upper Freshwater Molasse (southern 
Germany) as representatives of a valid taxon Buno/o- 
phodon subtapiroides (i.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 (MN5) and Massenhausen 
(MN8), both located in the southern part of Germany. 
The species is accepted as a valid taxon by WANG et al. 
(2016), who included G subfapiroideum into their 
*derived Gomphotherium group' (which, interestingly, 
appears to correspond to Osborn's Serridenfinus). Ac- 
cording to thc 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 carly 
intermediate specimens from Europe into his robust Z. 

turicensis ı morphotype. Indced, dental morphology 
within Mammutidac is known to be highly variable 
(DUANGKRAYOM et al., 2017). 

As our morphological analysis has shown (Tab. 1), 
NMKVRS.P5 does not fit easily in the range of varia- 
tion of G subfapiroideum, nor G: angustidens. In fact, 
the specimen falls somewhere on the morphological 
spectrum between G subfapiroideum and mammu- 
tids, slightly closer to the latter group. The specific 
combination of G subfapiroideum-like features (e.g. 
non-crest-like second pretrite mesoconclet, 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 m35s, 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. furicensis than to Gomphotherium; 

this is especially cvident in the width of the second 
lophid (W2), which is larger than the largest m3 spec- 
imens attributed to G: subfapiroideum (see GOHLICH, 
2010, Tab. 3). This is 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. furicensis (GOHLICH, 
2010), and the size difference is even greater between 
G angustidens and Z. furicensis (TASSY, 1977; 

TOBIEN, 1975). Like the majority of proboscideans, 
the specimen from the Kruševac Basin displays 
brachydonty. Evolutionary trends towards hypsodon- 
ty (or “subhypsodonty” sensu OSBORN, 1936: 393) in 
proboscideans (as in other herbivorous mammals) arc 
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) cheek teeth is 
found in elephants (GOHLICH, 1999). However, some 
bunodont clephantoids 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 
earliest clephants; in zygodont mammutids there is no 
clear tendency to subhypsodonty (TOBIEN, 1975). 
Importantly, hypsodonty of many mastodont molars 
depends upon tooth size, and there is 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 (i.c. width), NMKVRS.P5 does 
not show particularly high crown. 

In terms of chronology, the fragmented m3 from 
Kruševac Basin is (most probably) Miocene-aged. It is 
known that the Basin sedimentary fill contains Early 
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and Middle Miocene lacustrine clastics — most notably 
sandstones (KNEŽEVIĆ, 1997). The fossil clearly origi- 
nated from a sandstone bed, which is cvidenced by the 
yellow coarse sandstone matrix preserved on the under- 
side of the crown (Fig. 3B). Ifthe specimen was indeed 
discovered at Bela Voda locality (14 km north-west 
from Kruševac), thcn it is possible that it came from thc 
sandstones which were recently dated to an MN5-6 
interval (based on the presence of characteristic rodent 
taxa — Cricetodon meini, Democricetodon mutilus and 

Miodyromys aegercii, sce MARKOVIĆ, 2008). This dat- 
ing of NMKVRS.P5 is even more likely considering 
that the majority of other intermediate elephantoid 
specimens in Europe come from this interval. 

Other intermediate proboscid specimens werc 
reported from Serbia in the past (c.g. PETRONIJEVIĆ 
1952, 1967). However, most of those “subtapiroid” 

teeth were published more than fifty years ago, and 
would certainly benefit from future revisions. This is 
exemplified by the paired m3s from Sibnica (Levač, 
Central Serbia), which were originally attributed to 
“Mastodon (Bunodont) angustidens Cuv. forma sub- 
fapiroidea” by PETRONIJEVIĆ (1967); in the recent 
analysis by STEFANOVIĆ et al. (2016), the specimens 
were reclassified as molars of G: angusfidens. 

Conclusions 

Although we can not fully reject the possibility that 
NMKVRS.P5 represents Gomphotherium, we are 
more inclined to classify the specimen as an carly, 
robust form of Zygo/ophodon turicensis. This is sup- 
ported both by the results of our morphological and 
metric analyses. However, due to the fact that the 
specimcn represents only an isolated fragment of a 
single elephantoid tooth, it is not possible to make a 
firm taxonomical attribution. 
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Peaume 

Honu npumepak 3y6a ene(panuroujta 3 
MuoiIenHa KpyiteBaukor OaceHa y 
meHTpajHoj Cpouju 

Meby unaHoBHMa HajmdaMumuje Elephantoidca 
GRAY, 1821 nocroje a3pa3ure pa3HMKe y MOP(bomo- 
HIKHM KapakTepucTHKaMa OouHMX 3yOa, npH dqcMy Cc 
M3JBajajy J(BC OCHOBHC CTpyKType — T3B. OyHOJIOHTHa 
H 3HTOJIOHTHa. THnMuHH HpecjcTaBHMHIM OBHX JIBCjy 
JeHranHHx (pbopMH cy pojloBH Gompltoferium (OyBHo- 
JoHT) H Zygolophodon (3arojoHr), auju rpejicraBHH- 
ı (Bpcre G anmgustidens w Z. turicensis) cnanajy 

Geol. an. Balk. poluos., 2018, 79 (2), I-10. 

Meby Hajpanuje cypnmame y Enspona (MN3b/4; MEIN, 
1999). Hako oBu pojtoBH ripHnajajy pa3nuHTHM (ba- 
MHJIHjaMa M y Hadcy MMAajy BPJIO JUHCTHHKTHBHC 
JeHTajiHe Mop(bomoruje, ayOa 3 KacHujer JeJta paHor 
H cpejuber MHoneHa Eppore uecTo IoKa3yjy KOMOMH- 
Hanuje OyHOJIOHTHHX H 3HTOJIOHTHHX KapakTcpHCTH- 
Ka, IITO yMHOTOMC OTC;KaBa M>HXOBy TAaKCOHOMCKYy 
arpaOyimjy. JenaH TaKaB „HHTepMcJUHJapHH“ IIpHMC- 
pak je omacaH H aHan3HpaH y OBOM pajly. 

MHcrmnraBaHw (pparMeHT MOMber Tpcher KyTHaka 
cypmama (NMKVRS.P5) norwue M3 KpyIIeBauKOr 
OaceHa, IHOJIyH30OJIOBaHC TCKTOHCKC JICHpeCHjc HCIIYy- 
MbcCHC jC3CDpCKHM KJaCTHTMMa JIOM-Cr M CpeUbeCr 
MHomneHa (KNEŽEVIĆ, 1997; MAROVIĆ et al., 2007). 

OBH ceJIHMCHTH Cy Bch JUyrO HmO3HaTH IO Haj1a3HMa 
(jocunHux cypnama (PETKOVIĆ, 1926; PAVLOVIĆ et al., 
1977; MARKOVIĆ et al., 2004). HaxajocTr, rpHMepak 

3 KpymiepBaukor OaccHa IpejicTaBJba cryuajHH Hajla3 
oJL crpaHe aMarepa, ma TauHa reorpa(Dcka JIokanHja H 
crpararpadocka ripuHmaJiHocT ocTajy Henoa3Hare. Hmak, 
Haja3 HajBcpoBaTHHje HOTHUC H3 CCJMMMcCHaTa CcJIa 
Bena Bojna kojn  Kpyntepna, KojH npeMa HOBHJHM IHIO- 
nauua tripHnajnajy 3oHH MN5-6 (MARKoVIĆ, 2008). 

Kako OM cc yTBp,iHa TAaKCOHOMCKAa IHpHIaJIHOCT 
(pocMma, HpHcTyMJIO Cc HpHMCHMHM BHIHC MCTOJIA — 
CTeHCH 3HTOJIOHIUHjC jcC OIIČMbCH IHIDMMCHOM McTOJIA 
KOjH Cy Hpe/UIO'KHHH WANG et al. (2016), a ananmmaa 
MeTpHuKHX nojlaTaKa y KOMIIapaTHBHOM KOHTCKCTy jc 
CHpoBejleHa HpHMCHOM T3B. HpMJIarobeHe „z“ CKOp 
aHanH3c (SCOLAN ct al., 2012; ZANOLLI, 2013) H 

MeTOJIA 3aCHOBaHOT Ha TecCTy OJIHOCa BcpoBarHoha 
(VAN BURREN, 2004; NOWACZEWSKA ct al., 2013). 

3urononnuja rpHMepka H3 KpyuteBaukor OaceHa OILC- 
MbeHa je Kao Hpema3Ha H3MCby mpBor (KapakTepH- 
crHuHor 3a BpcTy G subfapiroideum) a npyror (Z. 
fturicensis) cremcHa, HcHITO OJIM)KC JIDpyrOM CTCHICHy 
(TaOema 1). Merpwuka aHammMsa (TaOeme 2 m 3) 
nokKanaa je na cy mupaHe o0a noQnana (WI a W2) 
OnpDKe CpejIPHM BpcJIHOCTHMa 32 BpcTy Z. furicensis 
Hero CpeJIMHM BpeJiHOCTHMa 3a BpcTe G: angusfidens 
u G subtapiroideum, MelbyTaM, TpeOa HarmacurH a 
He mocToje crarHcTHuKH 3HadajHc pa3JIMKC (302 HHBO 
noBoepemba oJ 95%). Ha ocHoBy pe3yarrara aHajmi3e Hc 
MOXKOMO y NOTHyHoOcTH OoJOamMrH MoryhHocT a 
NMK VRS.P5 rnpunaja pony Gomphoterium, al CMO 
MITaK CKJIOHH Jla IIpHMcpaK KJaCH(pHKyjeMO KaoO paHy, 
poOycrHy QOpMy BpcrTe Z. furicensis. C 0034poM Ha 
uHHbcHHIIy J Hajla3 HIpc}iCTaBJba H3OJIOBaHMH (bpar- 
MCHT CaMO jeHHOr 3yOa, HHje Moryhe moya3maHHje 
yTBPp/}UHTH TaKCOHOMCKy IHIpHHaJiHOCT. 
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