
A single tooth from the locality of Üröm-hegy (Hungary) was designated as the holotype specimen
of "Archidiskodon meridionalis ürömensis" by Vörös (1979). The observed morphology of the tooth, with
a minimum of 15 molar plates (most likely 17) led to the conclusion that this specimen belongs to
Mammuthus trogontherii rather than a subspecies of M. meridionalis. On the basis of rodent
biostratigraphy a date in the region of MIS 19-17 seems likely (i.e. c. 0.8 Ma – c. 0.7 Ma). Taking into
account the meridionalis-like enamel thickness (3.1 to 3.4 mm, mean 3.2 mm) as well as the
intermediate or slightly advanced relative crown height (1.65) and lamellar frequency (6), the
specimen shows mosaic morphology, which fits well in the framework of the contemporaneous
European mammoth-bearing localities (e.g. Voigtstedt). Taking all the evidence together it seems that
this molar is not only a misinterpreted specimen, but a representative of a very important period of
mammoth evolution in Eurasia, when M. meridionalis and M. trogontherii occurred together in Europe
and when the genetic mixing between the adjacent populations resulted in a hybrid zone, which was
responsible for mosaic or intermediate individuals, such as the holotype of "Archidiskodon meridionalis
ürömensis".
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Introduction

The European mammoths have conventionally been divided into four
chronospecies: the Late Pliocene M. rumanus, the Early Pleistocene M. meridio-
nalis (recorded about 2.6 to 0.7 Ma), the latest Early Pleistocene and Middle
Pleistocene M. trogontherii (recorded about 1.0 to 0.2 Ma) and the latest Middle
Pleistocene and Late Pleistocene M. primigenius (Lister et al. 2005).
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In the interval 1.0–0.7 Ma, a series of samples in Europe illustrates a complex
and fascinating transitional period between M. meridionalis and M. trogontherii
(Lister et al. 2005). A proliferation of subspecies (e.g. Archidiskodon meridionalis
cromerensis Depéret and Mayet, 1923 and Mammuthus meridionalis depereti
Coppens and Beden, 1980 from Western Europe, A. m. voigtstedtensis Dietrich,
1965 from Central Europe as well as A. m. tamanensis Dubrovo 1964 from Eastern
Europe) were erected on the basis of the fossils from this period. The situation is
further complicated by the fact that some of the material on which the subspecies
were based is refereble to M. trogontherii (see Lister et al. 2005, for a detailed
discussion).

In the light of recent studies it appears that "Archidiskodon meridionalis
ürömensis" Vörös 1979 (from the Carpathian Basin) is also a representative of this
important period of mammoth evolution, when M. meridionalis and M.
trogontherii occurred together in Europe with some specimens which show
"mosaic" tooth and post-cranial morphology.

Measurements

The method for measuring morphological and biometrical parameters of
elephantid molars is based on the methods of Maglio (1973) and Beden (1979).
These methods were later adapted and modified by other authors (e.g. van den
Bergh 1999; van Essen 2003). The measurements were performed with digital
calipers with a precision of 0.3 millimeters. The biometrical parameters used in
this paper (Fig. 1.) are the following:
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Fig. 1
Terminology and measurements of
mammoth molars (further
explanation in the text) (modified
from Foronova 2007). Legend: A =
m3 in occlusal view, B = m3 in
buccal view, Lm = maximum length
of the molar, Lo: maximum length
of the occlusal surface, Lp: average
length of a single plate, Wm:
maximum width of the molar, Wo:
maximum width of the occlusal
surface, Hm: maximum height of
the molar, LF: laminar frequency on
100 mm, ET: enamel thickness.
Molar plates are marked with
Arabic numerals when counting
from anterior in posterior direction
and with Roman numerals when
counting from posterior in anterior
direction, as indicated in fig. B



P: Number of plates (or lamellae) present in one molar. A dash (–) in front or
behind the plate number indicates incompleteness of the molar. If a plate is
incompletely preserved, 1/2 or 1/4 is put in front or behind the plate number.
The fractions do not designate the posterior and anterior talons and platelets.
The latter are not counted; they are indicated with "x". The estimated number
of plates missing is given between brackets if possible. The estimation can be
based on the extent of loss of the first root. Thus (x?2)1/27x means that, of a
molar fragment with 8 plates (the first of which is broken) and a posterior talon
or platelet remaining, two plates and possibly an anterior talon are lacking at
the front.

Pu: Number of plates in use.
Lm: Maximum length of the molar, measured along the longitudinal axis,

perpendicular to the planes of the intermediate plates.
Lo: Maximum length of the occlusal surface, measured along the longitudinal

axis.
Lp: Average length of a single plate (including dentine, enamel and 1/2 of cement

interplate space on both sides of a plate), measured along the longitudinal axis
of the molar. 

Wm: Maximum width of the molar, measured on the widest plate of the molar,
parallel to the anterior and posterior surfaces of the plate. To avoid bias it is
better to measure Wm without the cover cement.

Wo: Maximum width of the occlusal surface, measured on the widest enamel
figure, parallel to the anterior and posterior surfaces of the plate.

Hm: Maximum height of the molar, measured vertically on the lateral side of the
highest plate, between the crown base (the lateral-basal enamel extreme of the
plate) and the apices of the digitations. Values taken on slightly worn plates are
indicated with "+" behind the measured value.

Hm/Wm: Hypsodonty index (or relative crown height) represents the ratio of the
maximal height and the maximal width

LF: Laminar frequency represents the number of plates that occur within 10 cm
along the longitudinal plane of the molar. The LF values were obtained by
measuring the distances between at least two valley separating three or more
plates, both on the lingual and buccal side of the molar. If these distances
(expressed in millimeters) are indicated with dl (lingually) and db (buccally),
and the number of plates between the two measuring points with n, than the
LF was calculated using the formula: LF=(100n/dl+100n/db)/2.

ET: Enamel thickness is measured perpendicular to the anterior or posterior
enamel surface of molar plates. Within one molar the enamel thickness is not
constant and maximum and minimum value are given if possible. As the
enamel usually decreases in thickness towards the base of the plates, only
those measurements are included, which could be taken in plates that are
worn less than two-thirds. In unworn but broken molar fragments the ET
could be obtained on vertical broken enamel surfaces.

Revision of the "Archidiskodon meridionalis ürömensis" Vörös, 1979   407

Central European Geology 52, 2009



Measurements on incomplete molars or bones are followed by "+", indicating
that the value of the original element was larger than the recorded value. If a
measurement represents an estimated value, that value is succeeded by "e". The
Hm and Wm values taken on molar plates completely covered with cement are
followed by "c". Specific plates of a molar are indicated with an Arabic numeral
when counted from anterior in posterior direction, and with a Roman numeral
when counted from posterior in anterior direction (in molars that are incomplete
in front).

Systematic part

It is important to mention the main features of the considered taxa (M.
meridionalis and M. trogontherii) prior to the revision of the "Archidiskodon
meridionalis ürömensis" Vörös 1979. Fossils are described as being the "typical"
form of each of these species when they are statistically indistinguishable from
the sample of the type locality.

Class Mammalia Linnaeus, 1758
Order Proboscidea Illiger, 1811

Family Elephantidae Gray, 1821
Subfamily Elephantinae Gray, 1821

Genus Mammuthus Brookes, 1828

Mammuthus meridionalis (Nesti) 1825

Mammuthus meridionalis was defined on the basis of material from the Upper
Valdarno, Italy. By 0.6 Ma, at Süssenborn (Germany) and elsewhere, this species
has been completely replaced by M. trogontherii (Lister et al. 2005).

The description given below is mostly based on the work of Maglio (1973) and
concerns the third upper molars (M3).

Plate formula: dp2: 3–4, Dp2: 3–4, dp3: 5–6, Dp3: 5–6, dp4: 7–9, Dp4: 7–8, m1:
8–10, M1: 7–10, m2: 8–10, M2: 8–11, m3: 10–14, M3: 11–14.

The plate number (P) on the third upper molar (M3) is between 11 and 14. The
molars are relatively broad (Wm = 85.5–126.5 mm, mean = 105 mm) and low
(Hm= 100–142 mm, mean = 122.5 mm). The relative crown height (Hm/Wm) is
between 1 and 1.6 (mean = 1.25). The molar plates are thick (Lp = 15–28.5 mm)
and widely spaced. The lamellar frequency (LF) is between 3.5 and 6.5. The
enamel is thick (ET = 2.5-4.2 mm) and only weakly folded, if at all.

408 A. Virág

Central European Geology 52, 2009



Mammuthus trogontherii (Pohlig), 1885

Mammuthus trogontherii is based on material from Süssenborn (Germany), a site
dated to the early Middle Pleistocene (c. 600 ka). The type material includes
hundreds of isolated molars, several mandibles, isolated tusks and few post-
cranials (Palombo and Ferretti 2005).

Lister (1996) gave a detailed description of the nomenclature of Mammuthus
trogontherii. The species "Elephas" trogontherii was founded by Pohlig (1885) for
fossils from Süssenborn. Falconer (1857) had described the species "Elephas"
armeniacus on the basis of a molar tooth from the region of Erzurum, Turkey. On
the basis of priority, Aguirre (1969) and Maglio (1973) regarded armeniacus as a
senior synonym of trogontherii. Although armeniacus cannot be regarded as a
nomen oblitum, trogontherii is much more widely dispersed in the literature, and
for this reason, Beden and Guérin (1975) have recommended its retention.

The description given below is mostly based on the work of Maglio (1973) and
concerns the third upper molars (M3).

Plate formula: dp3: 7, Dp3: 5–6, dp4: 10, Dp4: 10–11, m1: 11–12, M1: 10–13, m2:
10–14, M2: 11–17, m3: 15–21, M3: 14–21.

The plate number (P) on the third upper molar (M3) is between 14 and 21. The
molars are narrow (Wm = 57–107.5 mm, mean = 85 mm) and relatively high
(Hm= 118–218 mm, mean = 162.5 mm). The relative crown height (Hm/Wm) is
between 1.2 and 2.2 (mean = 1.65). The molar plates are thin (Lp = 12–20 mm)
and closely spaced. The lamellar frequency (LF) is between 5 and 8. The enamel
is relatively thin (ET = 1.8–2.5 mm), weakly ribbed externally, and finely
wrinkled.

Question of validity of "Archidiskodon meridionalis ürömensis" Vörös 1979

Nomenclatural comments on the taxon:

Prior to the taxonomic revision it is important to present some nomenclatural
comments.

The valid generic name for the Late Pleistocene Eurasian mammoths is
Mammuthus Brookes, 1828, with M. primigenius fixed as its type species. The name
Archidiskodon Pohlig, 1888 (with Elephas meridionalis Nesti, 1825 fixed as its type
species) is also taxonomically valid as a genus or subgenus, and its available for
use by those who wish to differentiate meridionalis and other early species from
Mammuthus. However, if one accepts the Archidiskodon meridionalis – Archidiskodon
or Parelephas trogontherii – Mammuthus primigenius lineage in Eurasia and the
Archidiskodon meridionalis – Mammuthus imperator – Mammuthus columbi linage in
North America, then the Mammuthus genus could be interpreted as a poly-
phyletic group (Lister 1996). The problem is avoided by applying Mammuthus

Revision of the "Archidiskodon meridionalis ürömensis" Vörös, 1979   409

Central European Geology 52, 2009



and the common name mammoth for all Eurasian Pliocene and Pleistocene
representatives of this clade.

According to the ICZN rules* (Ride et al. 1999), the "ürömensis" is to be
corrected to uromensis.

If one interprets this subspecies as a valid group, the proper use of this taxon is
Mammuthus meridionalis uromensis on the basis of the aforementioned
considerations.

Dimensions:

holotype: HNHM V.72.116 paratype: HNHM V.59.913
P:= (x?2)1/41/21/212x P = -1/21/21/2-
Pu = 11
Lm = 280c
Lo = 156 + (176–186e)
Lp = 15 mm
Wm = 88 mm, 92c mm
Wo = 82 mm
Hm = 132 + mm, 145e mm
Hm/Wm = 1.65e
LF = 6 LF = 5.8e
ET = 3.1–3.4 mm (mean = 3.2 mm) ET = 2.9–3.4 mm (mean = 3.1 mm)

Description:

The type material of the Mammuthus meridionalis uromensis discussed in this
article is stored in the Hungarian Natural History Museum (HNHM, Budapest,
Hungary).

The paratype specimen (HNHM V.59.913, Fig. 2 on Pl. I) was found in
Gombasek (Slovakia). It is a small fraction of a molar with 3 plates remaining. All
of the remaining plates are broken in half. The enamel wear figures are annular
to oval, which means that these are at a level between the top of the crown and
the end of the clefts; therefore the only reliable measurement is the ET (2.9 to 3.4
mm, mean 3.1 mm). The paratype specimen can belong either to a M. meridionalis
or a M. trogontherii on the basis of the measurable characters. It does not provide
additional information about the subspecies, and is therefore not further
discussed in this article.
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*Article 32.5.2. A name published with a diacritic or other mark, ligature, apostrophe, or hyphen, or
a species-group name published as separate words of which any is an abbreviation, is to be corrected.
Article 32.5.2.1. In the case of a diacritic or other mark, the mark concerned is deleted, except that in
a name published before 1985 and based upon a German word, the umlaut sign is deleted from a
vowel and the letter "e" is to be inserted after that vowel (if there is any doubt that the name is based
upon a German word, it is to be so treated).



The holotype specimen (HNHM V.72.116, Fig. 1. on Pl. I) was found in the
locality Üröm-hegy (in the Solymár Valley, at the northwestern boundary of
Budapest, south of Üröm, Hungary). Jánossy (1986) referred to this specimen as
"Archidiskodon trogontherii cromerensis". It is a fragment of the third upper left
molar (M3 sin.) with 15 plates (the first three of which is broken) and a posterior
platelet remaining, two plates and possibly an anterior talon are lacking at the
front. Thus the most probable reconstruction of the plate number is x17x. The
molar is somewhat broad (Wm = 88 mm without the thin cement cover, which is
1.6 to 2.2 mm thick with an average of 2.0 mm on each side of the tooth) and
slightly high (H = 132+ mm, 145e mm). The relative crown height is 1.65e (1.58
if the Wm is measured with the cement cover). The molar plates are thin (Lp = 15
mm) and closely spaced (LF = 6). The enamel is relatively thick (ET = 3.1 to 3.4
mm, mean 3.2 mm) and only weakly folded.

The previously described molar morphology (particularly the relatively high P
and Hm/Wm) suggests that the holotype specimen belongs to Mammuthus
trogontherii rather than a subspecies of M. meridionalis. The late populations of the
"true" M. meridionalis never reached the 17 lamellae. The enamel is somewhat
thicker than the typical M. trogontherii morphology; however, this mosaic
characteristic of the specimen is not unprecedented in the European mammoth
material, and it could support the scenario proposed by Lister and Sher (2001)
and Lister et al. (2005) for the evolution of mammoths during the latest Early
Pleistocene and the earliest Middle Pleistocene as discussed below.

Additional material

Another paratype specimen was designated by Vörös (1979). This specimen
(SNM P.173) is a fragment of a third upper right molar from Zoltan (Romania)
stored in the Székely National Museum (SNM, Sfântu Gheorghe, Romania). It
was not involved in the revision.

Vörös (1980) presented 4 molars (in Table 1 of his article) from Visonta
(Hungary), which were identified as "Parelephas trogontherii". Thereafter, with a
further addition of a single molar, Fodor and Vörös (1988) re-identified these
specimens as "Archidiskodon meridionalis ürömensis" without a detailed
explanation. These specimens were not depicted; thus the identification of the
aforementioned species on the basis of the published measurements only, is
slightly confusing because there is a small shift in the data tables comparing the
two articles. Nevertheless it seems that the material from Visonta belongs both to
M. meridionalis (e.g. right m3 with P = 12, Hm/Wm = 1.0, LF = 5 and ET = 3.1 mm)
and M. trogontherii (e.g. left m3 with P = 18, Hm/Wm = 1.1?, LF = 5 and ET = 3.0
mm).

Vörös (1983, 2004), in addition to the aforementioned sites, reported "Archi-
diskodon meridionalis ürömensis" material from Úri str. 72 (Vár-hegy, Budapest,
Hungary), Csúcsoshegy (Szomód, Hungary), the terrace of the Sajó River
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Plate I
1. HNHM V.72.116. Mammuthus trogontherii third upper left molar (M3) from Üröm-hegy (Hungary)
from lingual (A) and from occlusal (B) view. C: Posterior view of a plate (VIth or possibly the 12th) in
midcrown area.
2. HNHM V.59.913. Mammuthus sp. molar fragment from Gombasek (Slovakia) from occlusal view (A)
and the lateral view of the saggital fracture (B)



(Miskolc, Hungary), and locality 3 in Villány (Hungary). Measurement data were
not published and only one tooth was depicted (HNHM V.82.49., right m3 from
Csúcsoshegy, Fig. 4/1. in Vörös 2004). The HNHM V.82.49. specimen most likely
belongs to M. meridionalis on the basis of the measurable characters (P = x14x, Pu
= 6, Lm = 276 mm, Lo = 99 mm, Lp = 20 mm, Wm = 97 mm, Wo = 88 mm, Hm
= 130 mm, Hm/Wm = 1.34, LF = 4.8, ET = 3.3 mm).

Stratigraphic interpretation

The type locality of the Mammuthus meridionalis uromensis is Üröm-hegy. The
fauna-bearing calcareous mud layer is situated in the northeastern quarry, which
was established in a large freshwater limestone table. The limestone was
deposited on the eroded surface of the Middle Oligocene Kiscell Clay. The main
mammalian assemblage was collected by Endre Krolopp. Jánossy (1986)
correlated the mammalian assemblage with the Templomhegyian substage of the
local biochronological system on the basis of the mammalian fauna, particularly
on the basis of the co-occurrence of the ancient water mole Mimomys savini and
"Archidiskodon trogontherii cromerensis". Furthermore this locality provided the
earliest occurrence of Hippopotamus in Hungary (Jánossy 1986).

The Templomhegyian substage is characterized by the co-occurrence of
Mimomys savini, Prolagurus pannonicus as well as Microtus subgenera more
evolved than Allophaiomys; thus it can be correlated with the Mimomys savini
Rodent Zone (from c. 0.9 Ma to c. 0.6 Ma in Central Europe according to Maul and
Markova 2007, as well as Sala and Masini 2007) in the Late Biharian Small
Mammal Age (Fig. 2).

According to Maul and Markova (2007) the exact age of the locality can be
refined with two characteristic horizons: 1. Mimomys pusillus is unknown from
Mimomys savini faunas of the "Cromerian Interglacial II." since it probably
disappeared before this event. 2. The Mimomys savini – Arvicola transition in
Central Europe occurred after "Cromerian Interglacial II." (therefore probably in
MIS 16). On the basis of the absence of Mimomys pusillus and Arvicola a date in the
region of MIS 19–17 seems likely (i.e. c. 0.8 Ma–c. 0.7 Ma) (Fig. 2).

Discussion

In order to place the Mammuthus trogontherii molar (HNHM V.72.116) from the
locality Üröm-hegy in space and time, it is necessary to discuss the elementary
steps of the M. meridionalis–M. trogontherii transition in Europe (and in Asia).
Mammoth evolution in Eurasia represents one of the best-studied examples of
evolutionary pattern and processes in the terrestrial fossil record. Many
publications deal with this issue. In the following the most important results of
Lister (1996), Lister and Sher (2001), Wei et al. (2003) Lister et al. (2005) and
Palombo and Ferretti (2005) related to this topic will be discussed.
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Elephantids referred to as Mammuthus had entered Europe, apparently from
Africa, not later than 3 Ma. The earliest stage, M. rumanus, spread across Europe
and eastwards to China. In the interval 2.6–2.0 Ma, this taxon was replaced by
mammoths which were dentally more advanced (M. meridionalis), but the details
of this transition, including the question of where and how it occurred, are
unknown (Lister et al. 2005). Typical M. meridionalis morphology in Europe (P =
12 to 14 with outliers at 11 and 15, mean Hm/Wm = 1.2) is achieved by c. 2.4 to 2.2
Ma (Khapry, Russia) (Lister and Sher 2001).

Wei et al. (2003) reported some morphologically advanced remains referable to
M. trogontherii in China. The molars have advanced tooth morphology with P =
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Fig. 2
Integrated stratigraphic scheme for the different chronologies discussed in the text (modified from
Breda and Marchetti 2005; Lister et al. 2005; Palombo and Ferretti 2005; Masini and Sala 2007; Maul
and Markova 2007; Sala and Masini 2007). The Early-Middle Pleistocene boundary was adjusted to
the proposal of Richmond (1996). Abbreviations: F.R.: Fontana Ranuccio, Arv.-Micr.: Arvicola-Microtus,
Arvicola m.: Arvicola mosbachensis



17–18 on M3, relatively higher and narrower crown, larger LF and thinner
enamel compared with all the contemporaneous mammoths. The mammoth-
bearing horizon was dated to c. 2.0–1.8 Ma on the basis of rodent biostratigraphy.
The upper limit of the emergence of the mammoth-bearing strata was dated by
paleomagnetism to c. 1.36 Ma.

Lister and Sher (2001) examined mammoth material from northeastern Siberia
(between the Lena and Kolyma River valleys) from the Early Olyorian dated by
paleomagnetism and microfauna to the interval of c. 1.2–0.8 Ma (Fig. 2). The
molars have similar tooth morphology to typical European M. trogontherii from
Süssenborn.

The earliest detected M. trogontherii morphology in Europe is at the eastern-
most part of the continent (Taman Peninsula, Russia) whereas contemporaneous
samples in Western Europe (e.g. Saint-Prest, France) showed slight advancement
in P to a range of 13 to 15 but altogether remained at primitive M. meridionalis
level (Lister and Sher 2001). The Early Olyorian sample is approximately
equivalent to the European Taman sample in age (c. 1.0 Ma) but is more derived
in molar morphology.

These observations led to the suggestion that the M. trogontherii morphology
had arisen allopatrically from an indigenous population of M. meridionalis in
eastern Asia, probably in China (in the interval c. 2.0–1.5 Ma), and spread to
Siberia by c. 1.2 Ma, where it underwent further evolution to more advanced M.
trogontherii (Lister et al. 2005). The earlier initiation and persistent advancement
of grazing adaptations in eastern Asian mammoths, compared to those in
Europe, was most likely linked to the earlier advent and greater severity and
continuity of the periglacial conditions in that region. The continental climate of
China in the Early Pleistocene, and the existence of steppic as well as forest
vegetation, provide a selective force for the origin of M. trogontherii (Lister and
Sher 2001; Lister et al. 2005). 

In keeping with the observed zoogeographic pattern the aforementioned
hypothesis suggests that the morphology of European M. trogontherii, starting
from c. 1.0 Ma could be derived from immigrants either from Siberia or from
China, or that the latter two regions might have formed an essentially continuous
distribution which contributed to European populations. However, as pointed
out by Lister and Sher (2001) and Lister et al. (2005), the complexity of European
forms in the transitional period (as discussed below) does not support a "clean"
allopatric replacement whereby the European ancestor (typical M. meridionalis)
was simply displaced by an incoming daughter species (typical M. trogontherii).

The observed morphologic and zoogeographic pattern is somewhat
complicated in Europe in the interval 1.0–0.7 Ma. The material from the Taman
Peninsula shows enhanced variability in the direction of M. trogontherii and has
been posited as a key "intermediate" between the two species. Although this
sample as a whole is intermediate in both P and Hm/Wm between the typical M.
meridionalis and M. trogontherii, it has a rather broad morphological range (P = 14
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to 19, Hm/Wm = 1.6 to 1.9), and the distribution of these characters is bimodal
(Lister and Sher 2001). Two smaller samples from Voigtstedt (Germany) and West
Runton (England) At around 0.8–0.7 Ma include molars at full M. trogontherii level
(P = 19 to 22, Hm/Wm = 1.6 to 1.9), but also specimens showing "advanced" M.
meridionalis morphology in one or more characters. Some specimens have
"mosaic" morphology (for example, trogontherii-like hypsodonty index but
meridionalis-like plate number, or vice versa), whereas others show "intermediate"
values (P = 16, Hm/Wm = 1.5) between typical M. trogontherii and M. meridionalis
level (Lister and Sher 2001).

The material from Üröm-hegy (dated to c. 0.8–0.7 Ma on the basis of rodent
biostratigraphy) should be inserted at this point on the basis of geologic age as
well as molar morphology. The latest Mimomys savini in Central Europe are
known from faunas of Brunhes paleomagnetic chron (e.g. West Runton and
Voigtstedt), referred to "Cromerian Interglacial II." (Maul and Markova 2007).
These localities are essentially time equivalent with the Üröm-hegy locality (Fig.
2). Not only the geologic age but the observed mosaic molar morphology
(meridionalis-like ET, intermediate or slightly advanced Hm/Wm and LF,
trogontherii-like P) of the NHNM V.72.116 specimen is also very similar to several
representatives of the material from Voigtstedt, as Vörös (1979) noticed.

Palombo and Ferretti (2005) indicated the co-occurrence of the M. meridionalis
and M. trogontherii in the Ponte Galeria Formation (Italy, Slivia Faunal Unit). The
Slivia Faunal Unit correlates directly with the Late Biharian (Fig. 2) based on the
occurrence of Microtus subgenera more evolved than Allophaiomys associated
with Mimomys savini. 

The co-occurrence of M. meridionalis and M. trogontherii in several European
localities in the interval between 1.0 and 0.7 Ma, with mosaic and intermediate
specimens among the samples, suggests an evolutionary explanation. As
discussed by Lister and Sher (2001) and Lister et al. (2005), it is likely that the
entire Eurasian M. meridionalis–M. trogontherii complex had a "metapopulation"
structure (a series of populations with greater or lesser degrees of connection
between them), and that the transition between the two species in Europe was
achieved by input from the East, either in the form of migrating herds, and/or by
gene flow without the long distance movement of individual animals. As pointed
out by Lister (1996) and van Essen (2003) populations of M. meridionalis and M.
trogontherii morphology might, for example, have occupied different areas of the
European continent (meridionalis occurred in more temperate conditions,
trogontherii in cooler), perhaps shifting their distributions seasonally or with
short-term climatic cycles. The genetic mixing between the adjacent populations
resulted in a hybrid zone, which is responsible for mosaic or intermediate
individuals as well as for those which correspond to the parent populations in all
characters. There must also have been selection in Europe, on an individual
and/or population level, which resulted in the dominance of the incoming
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morphology. By c. 0.6 Ma, only M. trogontherii occurred in Europe, as at
Süssenborn, the type locality of the species (Lister and Sher 2001).

Conclusions

A single tooth from Üröm-hegy (HNHM V.72.116) referred to as
"Archidiskodon trogontherii cromerensis" by Jánossy (1986) was designated as
the holotype specimen of "Archidiskodon meridionalis ürömensis" by Vörös (1979). In
the light of recent studies it appears that this molar is not only a misinterpreted
specimen, which can be referred to M. trogontherii, such as several other
representatives of the type material of European meridionalis subspecies, but a
representative of a very important period of mammoth evolution in Eurasia.

The latest Early Pleistocene and the earliest Middle Pleistocene represents a
crucial time in elephant diversity and turnover in Europe, with the possible
occurrence of three taxa (Elephas antiquus, Mammuthus meridionalis and
Mammuthus trogontherii). Evidence suggests that the series of European
mammoth populations ("transitional" between typical M. meridionalis and M.
trogontherii) from this period do not follow each other in an orderly chronological
succession but overlap in time.

The creation of more and more meridionalis and trogontherii subspecies do not
bring us any closer to understanding such a complex zoogeographic and
evolutionary pattern. The only way to get a clearer picture is to improve sample
sizes and to fill gaps in stratigraphy and in taxonomic and geographical sampling
with additional material. As noted by Todd and Roth (1996) a call for more
material is hardly a novel conclusion, but only through further development of
these kind of data can we begin to understand the morphological
transformations of Pliocene–Pleistocene elephants.
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