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Abstract

The small sample of identifiable elephantid dental remains so far recovered at Untermassfeld comprises a
large majority (75%) of milk premolars, most of which are unworn. Since Untermassfeld was already posi-
tioned as a site with a rich Epivillafranchian fauna, its elephantid remains could theoretically belong to either 
M. meridionalis (Nesti, 1825) or M. trogontherii (Pohlig, 1885), or to a third group, the so-called mosaic 
specimens. These started to appear around the same time as the immigrant M. trogontherii and show un-
expected combinations of morphological characteristics of the two species mentioned, so that anagenetic 
evolution seems precluded as an explanation of their occurrence. They may be the result of crossbreeding 
instead. In order to avoid confusion at the taxonomical level, these forms are referred to M. trogontherii
without subspecific distinction.
Given the above-mentioned three possibilities, an attempt was made to refer all dental remains from Unter-
massfeld to species on morphological grounds, since any expectations based on climatological data or the 
accompanying faunal and floral remains can never be decisive in this respect. Because evolutionary change
in milk premolars is less clearly expressed than in true molars, referral to species is hampered by sometimes 
extensive range overlap. Nevertheless, the results of the analysis do confirm the presence ofM. meridionalis, 
and suggest that the dentition of the juvenile cranium, in the exceptionally high HI value of the dP3 that 
could be measured, shows a feature of mosaic character. Considered on their own, these results do neither 
underscore nor disprove the Epivillafranchian age attributed to the Untermassfeld fauna.

1. Introduction

Untermassfeld belongs to a series of European sites with Epivillafranchian faunas dated to a time bracket
within which advanced mammoths of Mammuthus trogontherii morphology reached Europe, ultimately 
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from eastern Asia, where they evolved from a regional M. meridionalis stock during the Early Pleistocene 
(Lister and Sher 2001; Wei et al. 2003; Lister et al. 2005; Kahlke 2007).
The dental elephantine remains from Untermassfeld are still limited in number. Initially they were all inter-
preted as belonging to M. trogontherii trogontherii (Pohlig, 1885) (Dubrovo 2001). This opinion was based 
on postcranial material and the dental element that had been recovered first: a complete isolated last milk
premolar, initially regarded as a dP4. On the basis of a more extensive morphological comparison this speci-
men was later reinterpreted as a dP4 and referred to M. meridionalis (Nesti, 1825) (Van Essen 2011, 156ff.; 
Tables 4–6 of this paper).
In addition to the dP4, IQW 1984/20052 (Mei. 19572), the sample now comprises:
- A crushed juvenile cranium, IQW 1996/25646 (Mei. 25175), with both dP2s and dP3s in situ; 
-  Three unworn fragments of a left dP3, IQW 1997/26303 (Mei. 25832), which were found close to the 

cranium and probably belong to its mandible; plates of the right dP3 from the same mandible may be 
represented among a series of small fragments numbered IQW 1997/26304 (Mei. 25833);

-  A number of apical fragments and small, unworn partial lamellae, likewise numbered IQW 1997/26304 
(Mei. 25833), were also recovered from a spot near the cranium, and possibly belong to it as well;

-  A well-worn posterior part of a right M3 in situ in a mandible fragment, IQW 1999/26678 (Mei. 26207), 
the only tooth that belongs to an adult individual.

The MNI on the basis of dental remains alone is therefore now three. It is the objective of this paper to refer 
these specimens to species on the basis of their morphological characteristics.
In recent years it has become increasingly clear that elephantine material from European late Early to earli-
est Middle Pleistocene sites may comprise remains referable to both M. meridionalis and M. trogontherii.
Apart from these samples, a small group of so-called mosaic molars has drawn attention. Some of their 
morphological traits, taken alone, would suggest referral to M. meridionalis, while others would indicate 
M. trogontherii, which may imply penetration of steppe mammoth genes into the European M. meridionalis
populations (Lister et al. 2005; Van Essen 2011; Lister and Van Essen in prep.). Under these circumstances
an a priori referral of all elephantine material from Untermassfeld to M. meridionalis on the basis of the dP4

would not be convincing.
The earliest occurrences of Palaeoloxodon antiquus (Falconer et Cautley, 1847) within Europe and its pe-
riphery have so far been dated to the time bracket of 800–700 ka (Van der Made and Mazo 2003; Lister 
2015). Although it may be too early to consider this range definitive, referral of the dental elements from
Untermassfeld to the straight-tusked elephant is precluded by the absence of morphological details that
point in this direction, and by the presence of details that indicate Mammuthus. The material was therefore 
compared to analogous specimens that belong to M. meridionals and M. trogontherii. Finally, a check on 
any anomalies that could lead to classification as mosaic elements appeared necessary. However, the inter-
pretation of the dental remains added to the Untermassfeld sample after the recovery of the dP4 presents 
some problems. Firstly, dP2 and dP3 do not possess the same potential for evolutionary change as ontoge-
netically later elements, especially M3, so that the existence of distinctive features that would allow referral 
of the two anteriormost milk premolars to a certain species is not self-evident. Secondly, the volume of the 
M3 in the mandible fragment was reduced to roughly one third of the original by wear, and a fairly large 
area of its occlusal surface was crushed. Thirdly, with regard to the cranium, its original shape can hardly 
be studied in detail because of its present condition, and the samples available for a comparative analysis 
are small to virtually non-existent. In spite of this an attempt is made here to analyse the dental material by 
applying morphological criteria.
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2. Material and methods

The elephantine dental remains from Untermassfeld conserved at the Senckenberg Research Station of
Quaternary Palaeontology Weimar were measured and put through a comparative morphological analysis 
involving analogous specimens from various European sites. The sources of the comparative data presented 
in the text are public and private collections throughout Europe. Sample sizes differ per species and per 
element of the dentition, and specimens were selected for completeness as much as possible. Important 
and well-known fossiliferous regions and sites represented are, e. g., the Valdarno Superiore in Italy, various 
localities that pertain to the Cromer Forest-bed Formation in England (M. meridionalis and M. trogontherii), 
Süssenborn in Germany (M. trogontherii), and various localities within the Rhine-Meuse delta in the Neth-
erlands, including parts of the bottom of the North Sea (M. meridionalis, M. trogontherii, M. primigenius, 
P. antiquus).

3. Descriptions and measurements

3.1. Abbreviations, symbols, and definitions

AEY African Elephant Year(s), alternatively African Equivalent Year(s).
e  estimated original (max.) value on the basis of a measurement considered near this 

value, such as the length of a crown slightly shortened by wear, or the height of a 
scarcely worn or damaged lamella; an estimated value is intended to be closer to the 
original maximum than the actually measured value; the ‘e’ is also placed in front of 
ratio values that involve an estimated absolute value (see also ‘ne’ below)

ET  enamel thickness 
H  height 
HI  hypsodonty index 
L  length 
IGF Geological Institute of Florence University
lam. (true) lamella, i. e., the plate type that is the main component of elephantid molar 

crowns and constitutes the larger part of their volume; the dentine cores of true 
lamellae are continuous with the root dentine adjacent to the crown; the term ‘la-
mella’ excludes the platelets (see under p below) and the talon(id)s, the latter of 
which rise from the basal area of a lamella or of a larger talon(id), so that, in contrast 
to those of the other plates, their dentine cores are only indirectly continuous with 
the dentine of the roots

lat.  lateral, laterally 
LF / LFi lamellar frequency, LF being the number of true lamellae in 10cm, LFi the analogous 

number inclusive of talon(id)s 
LHI  length-height index 
LWI length-width index 
max. maximum 
med. median value, medially 
min. minimum 
MNI minimum number of individuals 
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mod. modal value, modally 
MsnpC Muséum des sciences naturelles et de préhistoire, Chartres 
NCM Norwich Castle Museum 
ne  number of estimated values 
P (upper case)/Pi	 plate number; with respect to dP2 there are two values for plate number: the tradi-

tional P is the number of true lamellae only, whereas Pi (‘i’ for ‘inclusive’) without dif-
ferentiation comprises all plates present. The use of Pi could in principle be extended 
to all other elements of the dentition, albeit that, especially in M3, not all hindmost 
structures composed of dentine and enamel are technically plates, for instance if a 
so-called platelet (‘p’, next entry) consists of just a single digitation 

p (lower case)  platelet; the posteriormost and small, usually platelike structure in M3 and M3, tech-
nically neither a true lamella nor a talon(id) (sensu Lister and van Essen 2003) 

pers. obs. personal observation(s) 
plate the general term for all parts of a molar crown that consist of a dentine core clad 

with a layer of enamel; three plate types are discerned here: 1) the (true) lamella (see
under ‘lam.’ above), 2) the talons (in maxillary teeth) and talonids (in mandibular 
teeth) (see under ‘lam.’ above), and 3) the platelets that terminate M3s and M3s (see 
under ‘p’ above)

plate formula  shortest description of the composition of a molar crown in terms of plate types, in 
the order in which these are represented from front to back, e. g., x 6 x, (x)x 9 x!(x), 
x 15 p

plate numbers (‘P’)  refer to the total number of true lamellae, which in the above plate formulae are 6, 
9, and 15 respectively (see also ‘P /Pi’ above); the lamellae that remain in anteriorly 
worn or damaged crowns are counted in reverse order and indicated by Roman 
numbers; e. g., lam. III is the third true lamella in front of the posterior talon(id) (s) in 
such an incomplete crown 

plate length  antero-posterior dimension of a plate; it comprises the dentine core and twice the 
enamel thickness, and is often synonymised with the thickness of a plate; the plate 
length increases in rootward direction 

σ  standard deviation 
V	 	 coefficient of variation
Voi. Voigtstedt 
W  width 
x  talon(id) in plate formulae 
x!  talon(id) of large size 
(x) or (x) talon(id) of comparatively small or very small size, the latter often borne by x! 

Special abbreviations introduced to indicate morphological detail in the dental elements discussed and fig-
ured are explained in the respective figure captions.

3.2. Standard approach and terminology

60.9 etc. Measurements are given in mm.
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+  A plus sign is added to a measurement or a ratio if a plausible estimate of the original 
maximum cannot be given.

dP2 etc. Elements from upper and lower jaws are indicated with their position numbers in su-
perscript (dP2) and subscript (dP2) respectively; if this distinction is not made, neither 
super- nor subscript is applied to the position number (dP2), so that both maxillary 
and mandibular specimens are implied.

5O5 etc.	 Wear figures are the figures produced at the occlusal surface of a molar crown as
a result of its grinding function: in the course of their abrasion the plates reveal
the structural details of their apical parts in successive near-horizontal cross sections 
through enamel walls and dentine cores. The resulting figures – together with other
details of the crown – are often held to be indicative of certain elephantine genera,
although counterexamples can sometimes be observed. Plates are normally tripartite, 
i. e., composed of a median pillar flanked by two lateral ones. Each pillar apically
divides into short finger-like digitations. Within the apical region of a plate the pillars
are separated by two clefts that reach a certain depth and therefore essentially cause 
three separate wear figures to appear at the occlusal surface until deeper abrasion
of the crown produces a single elongate figure from side to side. Characterisations
of wear figures name the shapes that represent the three pillars of the plate in wear.
Initially the figures are annular (ring-shaped), as the occlusal surface cuts the tops
of the digitations first. The wider pillars produce antero-posteriorly flat and medio-
laterally elongate shapes, which are called lamellar. The combinations ‘medially and 
laterally lamellar’ (in short: med. lam. / lat. lam.), ‘med. ann. / lat. lam.’ (with a large
finger-like median pillar), and ‘med. lam. / lat. ann.’ cover most of the wear figures
that can be observed in molars of the genera Mammuthus and Palaeoloxodon (bi-
partite lamellae lead to two collateral lamellar wear figures). Representations in texts
have so far been simple, viz.: - - -, - o -, and o - o respectively. In the present text these
were substituted by 555, 5O5, and O5O respectively in order to make them 
stand out more clearly.

W values do not include the thickness of cover cement layers if these are present. The ratios HI and LWI will 
therefore turn out higher than would have been the case otherwise.
H values represent the maximal vertical extent of the enamel walls, i. e., from the apices of the plates to
the parasagittal basal extremes of the lobe-shaped enamel joints between those plates (exemplified by the
enamel joint under ile in Fig. 3b). The alternative is measured from the apices of the plates to the basal 
level where the lateral edges of the plates are linked to each other by their enamel cover, which level is usu-
ally referred to as the ‘crown base’ (c. 10mm below the level indicated by ile in Fig. 3b). In most cases this 
measurement leads to lower HI and higher LHI values, very rarely the other way around.
Individual index values are multiplied by 100 and given to the nearest integer, and without decimal points; 
fractions are only retained in mean values.
With respect to dP2 there are two values for lamellar frequency: LF, the number of true lamellae per 10cm,
which is based on the P value, and LFi (‘i’ for ‘inclusive’), which does not distinguish between true lamellae 
and talon(id)s, but is based on the total number of plates (‘Pi’).
For measurements ideally taken on the mandible the reader is referred to the scheme published by Beden
(1983, 104).
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3.3. Descriptions of specimens

3.3.1. Fragment of a juvenile cranium with left and right dP2 and dP3

The left lateral view of this fossil was figured by Kahlke (2001, 943, fig. 4; 2006, 30, fig. 18).

– 3.3.1.1. The cranium
What is left of the cranium IQW 1996/25646 (Mei. 25175) is fractured in many places and often reduced 
to tiny fragments by post-mortem tectonic pressure (Fig. 1). Although its overall shape remained recognis-
able, reliable measurements of its component parts cannot be given. Fractures locally coincide with sutures.
As the animal died these were probably still lined with some cartilage, such as between the occipital and 
parietal bones. The preserved parts of the cranium comprise:
-  The upper half of the premaxillary cover of the incisor alveoli, forced into a position which is slightly more 

upright than in analogous juvenile crania of M. primigenius (compare Maschenko 2002, 102f.) and the 
living E. maximus (Deraniyagala 1955, pl. 21; pers. obs.);

-  part of the nasal bones, which together with the upper parts of the premaxillary ones leave the shape 
of the nasal aperture more or less intact. Within the nasal aperture, the left of the two large and round 
foramina that lead to the nasal sinus is completely visible (compare Van der Merwe et al. 1995, 257,
fig. 5A). Within the other half of the nasal aperture only part of the upper edge of the right foramen can
be discerned. Between and below these foramina, the fragile and at this stage predominantly cartilagi-
nous structures of the ethmoidal region did not survive. Maschenko (2002, 14) remarked that the nasal 
bones in woolly mammoth calves younger than three years are never preserved well, probably as a result 
of their still incomplete ossification, that most likely ended with the nasal process. Although its dental
age has not reached three years by far, the cranium from Untermassfeld does include a bone fragment
that represents the nasal process: from its original position on the median axis of the cranium it was
both displaced and tilted to the right. It is recognisable by its median suture (Fig. 1a: np, st), that was
formerly in line with the median suture observable along the left nasale, the medial edge of which is still 
in place (Fig. 1a: ns, st). All sutures in a juvenile cranium of E. maximus of practically the same dental 
age (Museon collection, The Hague; uncurated) remained unfused until the individual’s early death, but 
the ossification of the bones in its nasal region, including the nasal process, shows no differences in
comparison with the rest of the cranium;

-  the frontal, parietal, and the upper part of the occipital region; the occipital condyles are missing;
-  the left squamosal down to a level below the external auditory meatus;
-  the bones of the left orbit, with the zygomatic process of the maxilla; the distorted right infraorbital fora-

men is visible in basal view;
-  the larger part of the palate, which contains both left and right dP2 and dP3, in front of which four to five

centimetres of maxillary bone remain; behind the dP3s no trace remains of the borders of the V-shaped 
aperture of the combined choanae.

The tooth pairs are not in strictly symmetrical positions (Fig. 1b), the right pair being situated about 12.5mm 
further to the front than the left one. This is taken to be the result of forces acting on the cranium as a 
whole, because the left dP2 is slightly worn, and the right one scarcely at all. If asynchronous development 
and wear of the tooth rows were to have been the cause, one would expect the left row to be ahead of the 
right one, since a wear surface first developed on the left dP2. With initial wear showing on the lamellae 1 
and 2, and perhaps also 3, of the left dP2, and on lam. 1 of the right specimen, the wear stage represents 
the older part of Laws’ (1966) age group I. At this very same stage of development the lost alveoli behind 
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the dP3s probably contained a number of largely isolated plates of the dP4 germs. Even the above-men-
tioned cranium of E. maximus figured by Deraniyagala (1955), which represents a foetal individual, shows
the first growth stage of the dP4 as a (post-mortem) disorderly row of still unconnected plates. In the spec-
imen from Untermassfeld the dP4 alveoli did not survive, but there are some isolated fragments of unworn 
lamellae that were recovered from the same block as the cranium and carry the collective number IQW 
1997/26304 (Mei. 25833). Hence it seems possible that these fragments formed part of one or both of the 
still incomplete dP4 germs or their mandibular counterparts, and – because the restored complete left dP3

IQW 1997/26303 (Mei. 25832) described below is likely to belong to the scattered elements of the cranium 
as well – of the right dP3.

Fig. 1 Mammuthus cf. meridionalis (Nesti),Unter-
massfeld. – Fragmentary juvenile skull IQW 1996/
25646 (Mei. 25175). – a Frontal view. – b Palatal 
view with left and right dP2. – Scales: 30mm. Ab-
breviations: for – foramen; np – processus nasalis
with median suture indicated; ns – left os nasale
with median suture indicated; pmx – praemaxillare;
pzm – processus zygomaticus maxillae; st – suture.
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Since the crown of the isolated left dP4 IQW 1984/20052 (Mei. 19572) is complete, and cover cement and 
some interlamellar cement had already been deposited, it does not belong to the cranium, but to an indi-
vidual of approximately one year (see section 3.3.4.).
At the stage of development indicated by the dP2 and dP3 specimens, the deciduous incisors (dI, the milk 
tusks or, colloquially, ‘tushes’) must have been present as well, and probably had already erupted beyond 
the anterior borders of their alveoli. The germs of the succeeding permanent incisors (I) may be expected 
to have been present at the same time, but in more receded positions within the alveoli, and closer to the 
median axis of the cranium, so that their tips would have been observable against the medial sides of the 
milk tusk bases. However, not a single milk tusk or permanent tusk has so far been recovered.
In the Untermassfeld cranium the permanent bony walls between the alveoli of the dP2s and the dP3s 
(Maschenko 2002, 56), clearly visible in the cranium of a newborn woolly mammoth calf from Sevsk 
(Brjansk, RUS) (l.c., 102, photo 3, fig. 2), cannot be detected at the level of the palate. Presumably they were
superficially eroded to some depth, and are now hidden from view by sediment. On comparison, however,
there is hardly any space left between the two milk premolars on either side of the Untermassfeld cranium,
although the seemingly continuous alveolar space around the elements of the right maxilla does show a 
marked constriction between dP2 and dP3. Hence it seems possible that post-mortem tectonic pressure 
played a role here.
The alveolar edges along the tooth crowns to some extent cover the bases of the lamellae; they are in 
several places crumbled and somewhat sediment-encrusted. This suggests that the dental elements – or at
least the not yet fully erupted dP3s – do not merely show the stage of eruption that had been reached as the
animal died, but again also the effects of pressure, which may have reduced the vertical distance between 
the alveolar borders and the apices of the crowns. The tilt of the elements towards the sagittal axis of the 
cranium, especially of those on the right, likewise suggests an effect of pressure.
Within the horizontal plane, both dP2s have about retained their original positions relative to the dP3s, be-
cause the lingual crown sides in both couples are about aligned. The apices of dP2 and dP3 on either side of 
the maxilla are about equidistant from the level of the palate. This may reflect a natural situation in which
the death of the individual stopped the eruption of the dP3s exactly at this point, or imply once again that 
pressure forced them back to this level. Comparison with the above-mentioned juvenile cranium of E. max-
imus (Museon collection, The Hague), with dP2s and dP3s at a wear stage hardly beyond that in the Unter-
massfeld cranium, speaks for the latter possibility: in the Asian elephant there is an appreciable difference
between the apical levels of dP2 and dP3, with those of the latter further removed from the palate. The line 
drawing of the M. primigenius cranium from the Yamal peninsula, however, offers a fairly close parallel of 
the situation in the Untermassfeld specimen (Maschenko 2002, 15, fig. 6b).

– 3.3.1.2. The first and second milk premolars: general data and morphological approach
All four teeth have opaque, off-white enamel, which is largely covered by a reddish-brown film likely to have
been derived from the sediment matrix.
The length of the preserved tooth rows is 82.5mm on the left, and 84.0mm on the right.
In terms of P values, the dP2s as well as the dP3s are complete. The posterior talon of the left dP3 is largely 
missing.
The dP2s have five plates in total. Scrutiny of relevant literature and personal observations have shown that
this value is found in c. 75% of the dP2s of European fossil elephants on which data were available (29 out 
of 39 specimens, with 23 referable to M. primigenius). In the Untermassfeld specimens the number 5 is
the equivalent of the traditional plate formula x 3 x. In view of the difficulties one can have in determining
whether the anterior- and posteriormost plates in dP2s should be labelled talon(id)s or true lamellae, it is 



The Pleistocene of Untermassfeld – Part 5 1363

generally advisable to describe them as having four, five or six plates in total, and to refer to this alternative
plate number with Pi (‘i’ for ‘inclusive). This approach provides a better basis for comparisons and allows a 
uniform calculation of the lamellar frequency (LF) for all specimens published with any type of plate formula 
and a true max. length (L). As a consequence of the use of Pi, this alternative version of the LF is written as 
LFi. Because the often smaller first and last plates are counted in, LFi values are usually somewhat higher
than LF values, which are based on true lamellae only.
The anterior- and posteriormost plates in the dP2s from Untermassfeld are interpreted as talons, so that this
term will continue to be used throughout the present text. The anterior talon of the left dP2 carries a single 
minute digitation near the crown base. It is not considered to be a secondary talon, so that the plate formula 
does not appear as (x)x 3 x or 6.
The plate formula of both unworn dP3s is (x)x! 5 x!(x) rather than (x) 7 (x): the bases of the anterior and pos-
terior plates have become visible in the right specimen and show that the second plate merges with the 
third one at that level, and the hindmost larger plates of both show no gradual decrease in size with respect 
to the true lamellae, but leap to a still smaller format. The second and eighth plate in each specimen are 
therefore interpreted as large talons, which carry secondary talons of very small size. The fragments of the 
restored isolated dP3 IQW 1997/26303 (Mei. 25832) – probably detached from the mandible that belonged
to the cranium – and the isolated dP4 IQW 1984/20052 (Mei. 19572) allow more detailed analyses of the 
analogous regions, which point in the same direction (see sections 3.3.2., 3.3.3., and 4.3.).

– 3.3.1.3. Complete left and right dP2

The basic measurements are virtually the same for both specimens (Fig. 1b). At the author’s request some 
more sediment was removed from the alveolus of the left one, so that its crown height and the various 
shape-determining ratios could be established. All dP2 measurements therefore refer to the left specimen 
(Table 1).
On the lingual side the anterior talons are from top to base merged with lam. 1. As usual in such plate 
configurations, they remain separated buccally, so that a horseshoe-like figure is seen in occlusal view. As
a consequence, the anterior talons have their highest point lingually, and their lowest buccally, so that they 

Table 1  The morphological data on the left dP2 in the juvenile skull IQW 1996/25646 (Mei. 25175) from Untermassfeld compared to
dP2 specimens of M. meridionalis from various sites, and to the single dP2 of M. trogontherii IQW 1965/4019 (Voi. 2162) from Voigtstedt.

Mammuthus meridionalis dP2 survey M. trogontherii Voi.

range mean σ V n ne

Pform x 3 x

Pi 5.00 5–6 5.17 0.37 0.07 6 5.00

L 22.60 20.8–25.8 22.88 1.97 0.09 6 2 e 18.00

W 17.60 17.6–20.4 18.73 1.06 0.06 6 14.40

H e 17.00 19.0–21.0 20.00 2 e 16.00

HI e 97.00 103.0–108.0 105.00 3 2 e 111.00

LWI 128.00 117.0–129.0 121.00 4.37 0.04 6 2 e 125.00

LHI 133.00 113.0–125.0 121.00 4 3 e 112.00

LFi 22.12 20.0–24.0 22.65 1.45 0.06 6 2 27.78

ET c. 1.00 0.7–1.3 (min. 0.7–1.1; max. 1.0–1.3) 0.5–0.6
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much resemble the anterior crescentoids known from many gomphotheriid molars. [Crescentoids in gom-
photheriid upper molars rise from the posttrite (buccal) side of the anterior part of the crown base to merge 
with the protocone of the first pretrite (lingual) half-loph; see, e.g., Tobien 1973, 118, fig. 4].
At the developmental stage indicated by the milk premolars, neither interlamellar nor cover cement seems 
to have been deposited on the crowns of the dP2s yet, although alternatively the first thin layer of cement –
deposited on the anterior plates – may be hidden underneath the reddish encrustation layer or have been
lost through erosion.
The tops of some digitations of the lamellae 1 and 2 of the left dP2 are slightly worn. Whether the apical 
extreme of lam. 3 formed part of the occlusal surface is not certain. The right specimen was barely touched 
by wear at lam. 1 only. Buccally these lamellae are somewhat further worn than lingually, which is the nor-
mal situation in upper molars. It is also normal that either the left or the right specimen can be observed to 
have come into wear sooner than its lateral counterpart.
Because of the early wear stage, the enamel thickness (ET) is only measurable at a level where it is possibly
slightly biased by apical thickening. The value listed in Table 1 may therefore be considered an approxima-
tion.
The vertical furrows that characterise the lateral edge of enamel of most plates in dP3s and dP4s are hardly 
visible here, perhaps because of the film that covers the crowns, but the outer face of the enamel does show
the familiar very fine horizontal wrinkles.
In both specimens the cement interval between the lamellae 1 and 2 is longer antero-posteriorly than those 
between the other plates, a peculiarity that was already observed in M. meridionalis by Friant (1959, 123), 
who called this presumably atavistic feature the »incisure profonde«.
As far as can be determined, the number of digitations per plate in the left specimen is five on lam. 2, and
six on lam. 3; in the right one there are five on the lamellae 2 and 3, excluding an accessory digitation buc-
cally in the interval between these.
The highest plate in each dP2 is lam. 2. The basal length (‘thickness’) of the plates is 4.5mm at most.
With the exception of the part bordering the crown base in the left dP2, the roots of these specimens are 
invisible, so that the stage of their completion cannot be ascertained. By analogy with isolated specimens
from other sites they are expected to have completed their growth.

– 3.3.1.4. Left and right dP3

As in the dP2s, deposition of interlamellar and cover cement is not observable (Fig. 1b). It may not have 
taken place or a thin initial layer remains hidden or was lost through erosion. At the lowermost levels of the 
crown the interlamellar spaces are filled with sediment, but since the dP3s were in the course of eruption, 
it is assumed that their basal areas are completely consolidated, which is confirmed by at least the buccal
crown base of the right specimen.
Both dP3s comprise nine plates in total. As mentioned above, the plate formulae are here interpreted as 
(x) x! 5 x!(x) (rather than (x) 7 (x)). With regard to the status of the eighth plate in line there are arguments to in-
terpret it as a large talon, in spite of the fact that the configuration of the pulp cavities cannot be inspected:
-  The eighth plate is appreciably lower and narrower than those in front of it.
-  An almost free-standing lateral digitation marks the lingual extreme of the eighth plate in dP3 sin. As ob-

servable in the isolated dP3 (see section 3.3.2.) – which has such a tall and separated digitation on either
side of the analogous plate – and in the posterior talon(id)s of many other elephantid molars, these large
lateral digitations show a tendency to be separated from the median pillar by a much deeper cleft than 
can be observed in the plates in front of them. This peculiarity is here interpreted as a confirmation that
in the dP3s of the juvenile cranium this eighth plate is a talon. Measurements are given in Table 2.



The Pleistocene of Untermassfeld – Part 5 1365

In the left specimen the small posteriormost talon ((x)) was much damaged and is now represented by only a 
few parts against the basal posterior wall of the large preceding talon. In all probability the original size of 
the small talon was about equal to that of its counterpart in the right dP3, which remained undamaged and 
consists of a few minor digitations only.
In occlusal view most plates are not very straight medio-laterally. This is especially true of the anterior talon 
and lam. 1 of both specimens. Their tortuosity is a peculiarity very often seen in the anterior parts of other 
molars as well. The cause must be that the normal pressure between the various elements, which in bigger 
samples is demonstrated by the ubiquitous occurrence of anterior and posterior pressure scars, builds up 
before the anterior lamellae have become completely calcified.
The first true lamella in dP3 sin. and dex. appears to be bipartite, whereas the others are seemingly tripartite, 
the normal subdivision that produces the both medially and laterally lamellar wear figures predominant
in Mammuthus (555). The cross sections of the buccal and lingual halves of the bipartite lamellae are 
anteriorly convex and posteriorly concave, as usual. The median end of the buccal half often incorporates 
a posterior accessory median digitation, which is the case here, too, although the digitations are not con-
spicuous. In general, bipartition of lamellae is a common phenomenon, especially in the milk premolars.

Table 2  The morphological data on the left dP3 in the juvenile skull from Untermassfeld IQW 1996/25646 (Mei. 25175) compared to
dP3 specimens of M. meridionalis and M. primigenius from various European sites (from relevant literature and pers. obs.); partial overlap 
between M. meridionalis and M. primigenius suggests extensive overlap between the former and M. trogontherii.

Untermassfeld Mammuthus meridionalis dP3 survey

range mean σ V n ne

Pform (x) x! 5 x! (x)

P 5.0 5.0–6.0 5.6 0.49 0.09 10

L 60.9 60.0–75.0 64.7 6.03 0.09 11 2

W e 32.0 31.5–48.0 39.6 3.76 0.09 6

H 42.5 34.0–44.0 38.6 2.84 0.07 8 4

HI e 133.0   92–108 99.8 5.38 0.05 8 4

LWI e 190.0 150–179 163.3 8.55 0.05 9 5

LHI 143.0 142–182 165.0 14.67 0.09 9 5

LF 11.9   8.8–11.4 9.9 0.64 0.06 11 1

ET 0.7–1.6 (min. 0.7–1.0; max. 1.1–1.6)

Mammuthus primigenius dP3 survey

range mean σ V n ne

P 5.0–7.0 6.45 0.67 0.10 20

L 46.0–71.0 56.50 4.98 0.09 31 10

W 30.0–43.0 35.50 3.25 0.09 33 3

H 33.5–47.0 39.40 3.72 0.09 18 5

HI 100–127 114.20 6.94 0.06 18 7

LWI 132–203 160.70 14.36 0.09 31 12

LHI 121–154 141.40 10.02 0.07 18 9

LF 11.7–15.5 13.70 0.89 0.06 21

ET 0.4–1.2 (min. 0.4–0.7; max. 0.6–1.2)
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In Mammuthus, dP3 and dP3 may comprise up to five bipartite lamellae. These features are common in
elephantine dP3s and dP4s, and again call to mind the gomphotheriid ancestors of the elephants, where 
analogous dental elements show bipartition throughout the crown by way of the so-called median sulcus.
Further accessory median digitations are found behind the lamellae 4 and 5 in dP3 sin. and dex., and possibly 
also behind lam. 2 in dP3 sin.
The number of apical digitations per plate is variable. The plates of dP3 sin. from front to back show 12 on 
the large talon, and 10, 5, 6, 8, and 9 on the lamellae. In dP3 dex. the counting is not so easy: > 7, > 6, > 7,
> 9, -, > 9.
Another common feature in second and third milk premolars are the pronounced vertical furrows and ridges 
that characterise the enamel on the lateral edges of the plates. Because the specimens are unworn, it is not
possible to measure their ET.
The tilted position of dP3 dex. does not allow the measurement of its maximal width (W), so that it is as-
sumed to be about equal to that in dP3 sin.
The apical plate length in both specimens is about 3.0mm. The basal plate length is about 8.0mm.
No part of the (anterior) roots is visible in either specimen.

3.3.2. Three complementary unworn fragments of an isolated left dP3

Three parts of an isolated dP3, IQW 1997/26303 (Mei. 25832), were recovered. The two anterior ones, with 
the plate formulae (x)x or (x)1 and - 1 -, fit together, but the latter lost a large part on the lingual side, so that
it cannot in any definitive way be attached to the third fragment, which has - 4 x!(x). In all probability these 
three fragments belong together because their alignment produces a plausible plate formula and the steady 
increase of crown width expected in a lower second milk premolar. The fragments also show the same 
range of colours. The length reconstruction of the tooth is based on the actual alignment of the constituent 
parts, as shown in Fig. 2.
The plate count then amounts to either (x)x 5 x!(x), as in the dP3s, or to (x) 6 x!(x), none of which is in wear.
The plate formula x 7 x is rejected for the same reasons as given for the dP3 described in section 3.3.1.4.:
-  The eighth plate is markedly lower and narrower than those in front of it, so that it is interpreted as a 

large talonid; the difference in width is somewhat obscured by minor damage along the crown base, 
which in dorsal and ventral view (Fig. 2a, c) causes the false impression that especially the last true la-
mella is about as narrow as the large talonid.

-  The large talonid is also much more deeply cleft than the true lamellae; the deep lateral clefts almost 
reach its base, so that the pulp cavities of the large lateral digitations were being filled with dentine in-
dividually (Fig. 2c: lpc and bpc).

-	 Because – unlike the in situ dP3s – this dP3 is isolated, it can also be observed that the enamel joint 
between the last true lamella and the large talonid is situated at a more apical level than the enamel 
joints between the true lamellae. This means that at the basal crown level a single pulp cavity is shared 
by two plates, which is the normal situation in combinations of a true lamella and a talon(id) (Figs. 2b, 
c). Whether the analogous situation is also to be assumed for the anterior extreme of the specimen is 
unclear, because a decision would depend upon the level at which the front ought to be attached to the 
rear of the crown. Because of the probability that the dP3 is associated with the cranium, (x)x 5 x!(x) is the 
more likely alternative.

Median accessory digitations of different sizes are present between the 4th and the 5th plate – by far the
biggest one – and against the anterior walls of the 6th and 7th (Figs. 2a–b). The other two are mere hints 
of a central column.
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The number of digitations per plate is about six in the 5th through the 7th plate, and nine in the larger talonid.
Several good reasons can be given for assuming that this dP3 belongs to the mandible that was associated 
with the cranium, but has so far not been found:
-  The plate formula is plausibly identical with those of the dP3s in the cranium.
-  All plates are unworn, in the isolated dP3 as well as in the in situ dP3s, so that the dental ages suggested 

by these specimens virtually coincide; all plates had reached the stage at which their bases are connected 
by their enamel sheaths, and the deposition of interlamellar and cover cement was obviously at an incipi-
ent level.

-	 Both the anterior and the smaller posterior talonid of the dP3 are very small, as are the minor talons in 
the dP3s; they consist of a few short digitations only.

-  There is no trace of the anterior root, which was presumably only represented by a thin, ring-shaped 
dentine wall that broke off. Since it is unworn, the specimen may still have been in the course of erup-
tion, just as the in situ dP3 specimens.

-  The preservation of the fragments is akin to that of the in situ dP3s.
-	 The fragments of the specimen were found close to the cranium (pers. comm. J.-A. Keiler); the probability

that parts of a single individual became separated and were dispersed over a small area may be consid-
ered greater than the probability that any other individual of exactly the same age fell victim to the flash
flood at the same time, after which its parts were deposited within the same small area. The same would

Fig. 2 Mammuthus cf. meridionalis (Nesti), Untermassfeld.  –
a–c Left dP3 IQW 1997/26303 (Mei. 25832), occlusal, buccal, ventral 
views. – Scale: 20mm. Abbreviations: ac – largest median accessory
column; add – thickness of dentine deposition within anterior part of
crown; bpc – separate buccal pulp cavity of large posterior talonid;
fr – positions of fractures between the two anterior fragments; ile –
interlamellar basal enamel joint; ite – intertalonid basal enamel joint;
lpc – separate lingual pulp cavity of large posterior talonid; lte – basal
enamel joint between posteriormost lamella and large talonid; tle –
basal enamel joint between larger anterior talonid and first lamella;
# – lingual zone of lateral damage.
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apply if the choice were between the remains of either a single already dead individual or of two such 
individuals of the same age, especially also because these could have died at different times and places.

Because upper teeth generally tend to be wider than lower ones, it might be considered an argument
against the association of the dP3s and the dP3 that the latter is slightly wider than the former (34.5 vs.
c. 32mm respectively). Although the mean W values of upper and lower dP3s ofM. meridionalis and M. pri-
migenius comply with the rule, their ranges largely overlap and the mean upper and lower values differ by 
only 2 and 1mm respectively, so that the occasional inverse relation seems possible.
The total absence of roots at any stage of development allows the observation that a certain quantity of 
dentine had already been deposited within the pulp cavities of the plates (Fig. 2c), but the pulp had not 
retreated from any plate core yet. Because the deposition of dentine proceeds from front to back of the
crown, the thickness of the volume deposited decreases in posterior direction until all dentine cores of the 
plates have become solid. In this case, where measurable laterally, the thickness decreases from c. 3.5mm 
within lam. 2 to c. 0.9mm within the large posterior talonid.
The unworn state of the crown does not allow a full range of ET measurements. ET also varies according to 
the level within the crown, but a few fractured surfaces near the lingual bases of the 4th and 5th plates sug-

Table 3  The morphological data on the composite isolated left dP3 IQW 1997/26303 (Mei. 25832) compared to dP3 specimens of 
M. meridionalis and M. trogontherii from various European sites (from relevant literature and pers. obs.).

Untermassfeld Mammuthus meridionalis dP3 survey

range mean σ V n ne

Pform (x) x 5 x!(x)

P 5.0 5.0–7.0 6.0 0.45 0.07 20 3

L 61.5 59.0–85.0 69.0 7.80 0.11 17 6

W 34.5 33.0–44.0 37.7 3.16 0.08 21 1

H 42.5 30.0–43.0 36.4 3.44 0.09 15 12

HI 107.0   91.0–117.0 97.0 8.24 0.08 15 12

LWI 178.0 154.0–219.0 183.8 16.21 0.09 16 8

LHI 166.0 147.0–219.0 191.3 24.18 0.13 11 8

LF 11.0   8.5–11.4 9.9 0.80 0.08 19

ET e 1.0 0.4–1.7 (min. 0.4–1.4; max. 1.1–1.7)

Mammuthus trogontherii dP3 survey

range mean σ V n ne

P 5.0–6.0 5.7 3 1

L 52.2–68.5 59.9 3 2

W 31.3–39.2 35.5 3

H 36.0 1

HI 100.0# 1

LWI 164.0–175.0 168.7 3 2

LHI 164.0# 1

LF 10.3–12.2 11.5 3

ET 0.7–1.7 (min. 0.7–1.0; max. 1.0–1.7)
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gest values around 1.0mm. Vertical ridges and furrows down the lateral edges of the lamellae are present 
here as well as in the dP3s. In addition, the enamel shows very fine horizontal wrinkles.
In spite of the fact that especially the large posterior talonid and some lamellae in front of it show subdi-
visions that can be described as ‘medially lamellar and laterally annular’ (O5O), this is not interpreted as 
a detail that should lead to considering referral to Palaeoloxodon, because the observation applies to the 
apical level only: the lamellae have the medio-laterally broadly arched shape of Mammuthus molars, while 
the axes of the large clefts are perpendicular with respect to the crown base. If they had come into wear, 
these plates would therefore soon have shown lamellar figures laterally. This is confirmed by the cross sec-
tions of the lamellae at the basalmost level, which lack the gradual increase in length (‘thickness’) towards 
the median axis that characterises those of P. antiquus molars, and suggest instead that the tripartition of 
the lamellae follows the pattern indicative of Mammuthus, with both median and lateral pillars lamellar in 
cross section (555; Fig. 2c, lam. 4). A dP3 of P. antiquus would also be longer, to the effect that its LWI 
would not be 178, but possibly as high as 220–230.

3.3.3. Two isolated cf. dP4 fragments
Two unworn apical fragments of either upper or lower tripartite lamellae [IQW 1997/26304 (Mei. 25833)]
have remaining heights of c. 30 and c. 35mm, and widths of c. 35 and 40mm respectively. The tripartition 
is of the type that would have led to lamellar wear figures of (sub-) equal width (555). The above size 
values of the fragments lie somewhat below the maxima of the height and width ranges based on dP3 and 
dP3 specimens referred to M. meridionalis and M. trogontherii, which in these respects are apparently in-
distinguishable (Tables 2–3). Yet there are no indications that the fragments were about to narrow again in 
rootward direction after having reached their maximal width at the levels where they broke off. Instead they 
seem to have been wider beyond the fractures, so that they probably belonged to the next bigger category, 
dP4, or possibly M1. Since the dP4 described in section 3.3.4. shows a cleft depth of c. 10mm, attribution 
of the fragments to a dP4 is not contradicted by their cleft depths, which range from c. 12 to c. 15mm.
The fragments were found near the cranium, which must have contained unconsolidated dP4 germs when 
still complete. In spite of the probability that the fragments belong to either the cranium or the associated 
mandible, the determination can go no further than cf. dP4.

3.3.4. Isolated complete left dP4

The identification of this specimen IQW 1884/20052 (Mei. 19572) as a dP4 of M. meridionalis (Van Essen 
2011, 84, 156ff.; Table 4) is at variance with the interpretation as a dP4 of M. trogontherii trogontherii by 
Dubrovo (2001, 590). The main arguments against the interpretation of the tooth as a lower specimen are:
-	 The development of the first root on the buccal side of the crown instead of on the median axis;
-  The low divergence index (DI) of the lamellae (i. e., the ratio between the mean apical and the mean 

basal LF value, which is 109 in this specimen and indicates near-parallel lamellae);
-  The low length-width index (LWI) of 174. The LWI data on dP4 of M. trogontherii lie well above this value 

because lower specimens are on average narrower than uppers (range: 209–259; mean: c. 237; n = 11).
The value found in the Untermassfeld specimen also lies below the lower range extreme found for dP4 of 
M. meridionalis (188–249; mean: 219; n = 21), and with respect to dP4 it is the new lower range extreme of 
this species (174–224; mean: 194.1; n = 20). The former minimumwas close, however: c. 177 for an upper
specimen from the Cromer Forest-bed Formation (Norfolk, GB) (Lister and Van Essen, unpublished data).

-  It may be added that the low hypsodonty index (HI) of 114.6 (Table 6) clearly excludes a dP4 of M. tro-
gontherii (range: 132–156, mean: 142.6, n=9, e 5), but not one ofM. meridionalis (range: 100–131, mean:
116.2, n=14, e 9).
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The plate formula was re-examined after an earlier assessment (see below). Especially in buccal view (Fig. 3b) 
it becomes apparent that there are seven main extensions of the pulp cavity into the crown, which implies 
seven true lamellae. Hence the small first, the ninth, and the tenth plate are necessarily talons. This is con-
firmed by the unmistakable size differences with respect to the rest of the plates, which are true lamellae.
The pulp cavities of the talons branch from those of the first and seventh true lamellae, and from the larger
posterior talon. The anteriormost pulp cavity is filled with sediment, but the talon in front of lam. 1 is clearly
visible from the outside. It should be noted that the enamel joint between lam. 7 and the larger posterior 
talon (Fig. 3a, lte) is invisible in lateral view (Fig. 3b, cpc). It is, as it were, retracted to a level further away 
from the roots, so that the pulp cavities of lam. 7 and the larger posterior talon coincide above the level of 
the enamel joint between them (lte). The larger talon carries a smaller one, and in dorsal view the enamel 
joint between them is visible as a tiny, dentine-covered ridge within the pulp cavity of the larger talon 

Fig. 3 Mammuthus meridionalis (Nesti), Untermassfeld. – a–b Complete left dP4 IQW 1984/ 
20052 (Mei. 19572), dorsal, buccal views. – Scale: 20mm. Abbreviations: cpc – combined pulp
cavity of lam. 7, x! and (x); ile – interlamellar basal enamel joint; ite – intertalon basal enamel
joint; lte – basal enamel joint between lam. 7 and large talon; rt – root; s – lingual sinus in outer
root dentine.
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(Fig. 3a, ite). The pulp cavity of the secondary talon had nearly been filled with dentine, but is still visible. At
the level of the enamel joint marked lte in Fig. 3a, the pulp cavity is therefore shared by three plates: lam. 7,
the primary, and the secondary posterior talon. The rootward continuation of the posterior ending of the 
tooth beyond the fracture zone shows that the shared pulp cavity at the said level is just as long as those 
of the true lamellae (Fig. 3b). Hence the plate formula of this specimen is considered to be x 7 x (x) rather 
than the 9 x initially advocated by Dubrovo (2001), and the x 8 (x) the present author then proposed in a 
reaction to that interpretation (full quote in Van Essen 2011, 84; Table 5). Further discrepancies between 
measurements published in 2001 and later are either insignificant or due to differences in approach. The
index values given vary accordingly.
The tooth is complete and – but for the cover cement – virtually undamaged. The degree of completion and
the fact that it is still unworn suggest a stage of development just prior to first wear (age class III according
to Laws 1966). A fully functional, approximately half-worn dP3 was therefore in front of it in life, so that the 
dP4 represents an individual of about one AEY (G. Craig and G. Haynes in Haynes 1993, 338). This precludes 
association with the juvenile cranium and the isolated fragments of the unworn dP3.
Because the dP4 is unworn, its ET, although listed as 1.5mm by Dubrovo (2001), cannot be measured 
accurately. The deposition of the cover cement had proceeded to the bases of the anterior talon and the 
lamellae 1 through 3, and after these becomes increasingly limited to the more apical regions of the crown.

Table 4  Plate count, basic measurements and ratios of the isolated left dP4 IQW 1984/20052 (Mei. 19572). – * The alternative H value,
measured from apex to lateral basal enamel extreme, is 56.4mm, which leads to a HI of 91 and a LHI of 192.

Pform (x) 7 x (x) L 108.5 LWI 174 LF 8.54

P 7 W 62.3 HI 114.6* ET not measurable 

H 71.4* LHI 152 DI 109

Untermassfeld P value 7

range mean n ne σ V

M. meridionalis 7–8# 7.20 20 7 0.40 0.06

M. trogontherii 8–10 9.00 10 1 0.63 0.07

M. primigenius 9–11 10.20 24 1 0.72 0.07

P. antiquus 8–10 9.25 4 2 0.83 0.09

Table 5  Comparison of the P value of the isolated left dP4 IQW 1984/20052 (Mei. 19572) from Untermassfeld with analogous data
based on European dP4 specimens referable to M. meridionalis, M. trogontherii, M. primigenius, and P. antiquus.

Untermassfeld crown value 114.6 (from H – 71.4* and W – 62.3)

range mean n ne σ V

M. meridionalis 94–124 111.4 18 9 6.63 0.06

M. trogontherii 137–174 149.0 9 4 18.79 0.09

M. primigenius 130–174 152.5 19 3 12.55 0.08

P. antiquus 164–211 182.0 4 3 18.51 0.10

Table 6  Comparison of the HI value of the isolated left dP4 IQW 1984/20052 (Mei. 19572) from Untermassfeld with analogous data
based on European dP4 specimens referable to M. meridionalis, M. trogontherii, M. primigenius, and P. antiquus. – * The alternative
H value, measured from apex to the maximal lateral basal enamel extreme, is only 56.4mm; this leads to a HI of 91.
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(Fig. 3a, ite). The pulp cavity of the secondary talon had nearly been filled with dentine, but is still visible. At
the level of the enamel joint marked lte in Fig. 3a, the pulp cavity is therefore shared by three plates: lam. 7,
the primary, and the secondary posterior talon. The rootward continuation of the posterior ending of the 
tooth beyond the fracture zone shows that the shared pulp cavity at the said level is just as long as those 
of the true lamellae (Fig. 3b). Hence the plate formula of this specimen is considered to be x 7 x (x) rather 
than the 9 x initially advocated by Dubrovo (2001), and the x 8 (x) the present author then proposed in a 
reaction to that interpretation (full quote in Van Essen 2011, 84; Table 5). Further discrepancies between 
measurements published in 2001 and later are either insignificant or due to differences in approach. The
index values given vary accordingly.
The tooth is complete and – but for the cover cement – virtually undamaged. The degree of completion and
the fact that it is still unworn suggest a stage of development just prior to first wear (age class III according
to Laws 1966). A fully functional, approximately half-worn dP3 was therefore in front of it in life, so that the 
dP4 represents an individual of about one AEY (G. Craig and G. Haynes in Haynes 1993, 338). This precludes 
association with the juvenile cranium and the isolated fragments of the unworn dP3.
Because the dP4 is unworn, its ET, although listed as 1.5mm by Dubrovo (2001), cannot be measured 
accurately. The deposition of the cover cement had proceeded to the bases of the anterior talon and the 
lamellae 1 through 3, and after these becomes increasingly limited to the more apical regions of the crown.

Table 4  Plate count, basic measurements and ratios of the isolated left dP4 IQW 1984/20052 (Mei. 19572). – * The alternative H value,
measured from apex to lateral basal enamel extreme, is 56.4mm, which leads to a HI of 91 and a LHI of 192.

Pform (x) 7 x (x) L 108.5 LWI 174 LF 8.54

P 7 W 62.3 HI 114.6* ET not measurable 

H 71.4* LHI 152 DI 109

Untermassfeld P value 7

range mean n ne σ V

M. meridionalis 7–8# 7.20 20 7 0.40 0.06

M. trogontherii 8–10 9.00 10 1 0.63 0.07

M. primigenius 9–11 10.20 24 1 0.72 0.07

P. antiquus 8–10 9.25 4 2 0.83 0.09

Table 5  Comparison of the P value of the isolated left dP4 IQW 1984/20052 (Mei. 19572) from Untermassfeld with analogous data
based on European dP4 specimens referable to M. meridionalis, M. trogontherii, M. primigenius, and P. antiquus.

Untermassfeld crown value 114.6 (from H – 71.4* and W – 62.3)

range mean n ne σ V

M. meridionalis 94–124 111.4 18 9 6.63 0.06

M. trogontherii 137–174 149.0 9 4 18.79 0.09

M. primigenius 130–174 152.5 19 3 12.55 0.08

P. antiquus 164–211 182.0 4 3 18.51 0.10

Table 6  Comparison of the HI value of the isolated left dP4 IQW 1984/20052 (Mei. 19572) from Untermassfeld with analogous data
based on European dP4 specimens referable to M. meridionalis, M. trogontherii, M. primigenius, and P. antiquus. – * The alternative
H value, measured from apex to the maximal lateral basal enamel extreme, is only 56.4mm; this leads to a HI of 91.
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The presence of vertical ridges and furrows in the basal lateral enamel lends a certain rugosity to the sides 
of the lamellae, but to a lesser extent than in the dP3s of the juvenile cranium.
Apically the lamellae show a tripartite division (med. lam. / lat. lam.), with clefts of approximately 10mm 
deep as far as they are visible. The total number of digitations per lamella is 6 on lam. 4, 7 on lam. 5, 11 on 
lam. 6, and 10 on lam. 7 and the large posterior talon.
The plates that correspond to the longest (buccal) side of the first root are the anterior talon, lam. 1, and
lam. 2.
Root development is still at an initial stage, outlined in a damaged dentine wall of about 2 to 3mm thick.
Lingually the maximal longitudinal extent of the first root is marked by a sinus in the outer dentine wall,
next to the basal joint of the lamellae 1 and 2 (Fig. 3a, s). Behind this sinus lies the space that was to be
taken by the second root, presumably of triangular cross section. Buccally the first root extends about twice
as far in antero-posterior direction as lingually, so that its cross section was likewise triangular in layout, and 
centered on the buccal half of the crown. This is the normal situation in the large majority of upper molars.
Exceptions to this ‘rule’ are only, but commonly, found in dP3 specimens of M. primigenius, where the first
root is often as wide as the anterior crown base and much flattened in antero-posterior direction. For lack
of well-preserved dP3s referable to M. trogontherii and M. meridionalis it is not clear when this feature 
emerged within the Mammuthus lineage.

3.3.5. Complete remains of right M3 in mandible fragment
The buccal side of the mandible fragment IQW 1999/26678 (Mei. 26207) in which the specimen is situated 
shows many cracks, but largely retains its original shape (Fig. 4). At the lingual side most of its volume has 

Fig. 4  Mammuthus cf. meridionalis (Nesti), Unter-
massfeld. – a–b Complete remains of right M3 in 
mandible fragment IQW 1999/26678 (Mei. 26207), 
occlusal, buccal views.  – Scale: 20mm. Abbrevia-
tions: c – basal lobe of cement valley, encased in
the enamel joint between the lam. IX and X; dp –
dentine platform; p – posterior platelet.
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crumbled away, so that the likewise crumbled lingual face of the M3 lies bare. The ventral side of the horizon-
tal ramus is missing, so that the measurements E (height of horizontal ramus at anterior alveolar border) and 
F (height of horizontal ramus at base of ascending ramus) according to Beden (1983, 104) cannot be taken,
and therefore cannot be related to the horizontal distance between E and F either. The posterior extreme of 
the jaw fragment is formed by the base of the anterior border of the ascending ramus. As far as it is visible, the 
front edge of this basal part is very slightly concave. The symphysis is missing, and the area where the foramina 
mentalia are normally to be found is severely fractured at the base and largely shattered at higher levels.
The M3 (Table 7) is represented by its medio-posterior part, which has a length of 224mm. This is nearly as 
long as the mandible fragment. At the anterior end of the occlusal surface there is a dentine platform, behind 
which two cement islets are visible: these are the buccal and lingual basal lobes of the cement valley between
the lam. IX and X. All further plates are in wear, so that the occlusal surface covers the entire remaining 
length of the tooth. Within c. 50% of the occlusal area, however, the plates are completely shattered.
The rhythm of the lamellar parts still in place indicates that the length of the dentine platform is equivalent 
to the combined length of two lamellae and the cement intervals adjacent to them (i. e., ½ interv. + 1 lam.
+ 1 interv. + 1 lam. + ½ interv.). In the same manner, the space available within the fragmented posterior 
area suffices for one lamella and a robust posterior platelet. The plate formula is therefore reconstructable
as 2∞ 9 p, so that eleven lamellae and a posterior platelet are taken to be represented (Fig. 4a).
The wear figures of the lamellae are medially annular and laterally lamellar (5O5). Because the depths of
the two main clefts of the tripartite lamellae decreased during the evolution of the mammoth lineage, the 
values observed may indicate whether a molar is relatively primitive or advanced. Even though the clefts 
in the worn M3 from Untermassfeld were arguably at least 30mm deep, this does not suffice to refer the
specimen to M. meridionalis, because this is a mandibular tooth. Similar values are uncommon in M3s of the 
advanced species, but may yet sometimes occur there (pers. obs.).

Table 7  Plate count and basic measurements of the complete remains of right M3 IQW 1999/26678 (Mei. 26207).

Table 8  ET ranges based on M3 specimens referable to M. meridionalis and M. trogontherii, compared to the individual range of the 
Untermassfeld specimen IQW 1999/26678 (Mei. 26207).

Pform e 2∞ 9 p L 224 + LF 5.32 +

P e 11 + W e 80 (+: lam. IV) ET min. 2.9; mod. 3.2; max. 3.5

H e 60–75 (+: posterior lamellae)

min. mod. med. max.

M. meridionalis

range 1.9–3.5 2.2–4.1 2.2–4.1 2.5–5.0

mean 2.51 2.81 2.93 3.34

n 60 37 59 61

σ /V 0.39/0.15 0.40/0.14 0.42/0.14 0.56/0.17

Untermassfeld 2.9 3.2 3.2 3.5

M. trogontherii

range 1.5–2.5 1.8–3.0 1.8–2.9 2.0–3.4

mean 2.04 2.37 2.33 2.65

n 18 12 17 18

σ /V 0.25/0.12 0.3 3/0.14 0.27/0.12 0.34/0.13
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Enamel thickness (ET) is well measurable at the occlusal surface. The measurements therefore comprise 
values at higher as well as at lower levels (Table 8), but a marked decrease in thickness at the lowest levels 
is not visible. As far as can be detected, there are minor median dilatations in the posterior enamel bands 
of the lam. II, IV, V, and VI, and in the anterior one of lam. V. Frequency and amplitude of the enamel folds 
(after Beden 1983, 105) are 2–3 and 0–2 respectively. Folding is therefore moderate.
The lamellar frequency (LF) was calculated for the median axis of the occlusal surface. Because the lamellae
in posterior parts of M3s usually diverge towards the crown base, the LF value there is mostly lower than 
that of the tooth as a whole, which in this specimen was probably not higher than 6.0 (see section 4.4. for 
a reasoned approximation of this value).
The lingually bared root portion is superficially damaged, but its remains suggest a coalesced, roughly tri-
angular and medio-laterally flattened posterior complex, preceded by a series of half-incorporated or com-
pletely individual roots. This configuration is often observable in much-worn M3 specimens.

4. Discussion, comparisons, and referral to species

4.1. Fragment of juvenile cranium with left and right dP2 and dP3

The wear stage of the anterior milk premolars indicates that the cranium IQW 1996/25646 (Mei. 25175) 
should be placed in Laws’ age group I, which corresponds to an individual age below two and a half months 
(G. Craig and G. Haynes in Haynes 1993, 338). The largely absent interlamellar and cover cement in dP2 as 
well as in dP3 probably imply an age well below the said limit.
Fairly close analogies to the Untermassfeld cranium are found in crania of newborn calves of M. primi­
genius: one from Sevsk (Paleontological Institute of the Russian Academy of Sciences, Moscow, no. 4353-
2614), with an estimated individual age of two weeks, and another from the Yamal peninsula (Geological 
Institute of the Russian Academy of Sciences, Moscow, no. 77), aged about four weeks (Maschenko 2002, 
15, fig. 6, 102, photo 3, 103, photo 4). The dental age of the cranium from the Yamal peninsula is scarcely
greater than that of the Untermassfeld specimen because it has both dP2s in early wear, and its unworn 
dP3s still lack significant quantities of interlamellar and cover cement. Its individual age was estimated at
about one month, so that the Untermassfeld specimen would even be slightly younger if an exactly parallel
dental development could be counted on. However, basing himself on tooth formation stages in relation to 
the beginning of wear, Maschenko (2002, 29, 56) supposed that the milk dentition of woolly mammoths 
developed quicker than that of E. maximus and M. meridionalis and had a shorter functional life. If so, it 
implies that it took a late Early Pleistocene mammoth longer to reach the same wear stage, so that by com-
parison the age of the Untermassfeld juvenile would probably have to lie between one and two and a half
postnatal months. The uncertainty about the exact stage of eruption of the somewhat dislocated dP3s also 
makes this a rough estimate.

4.1.1. Complete left and right dP2

Fossil elephantine dP2s have become known from many places throughout Eurasia. Not surprisingly, the 
large majority of the finds are referable to M. primigenius. Well-known localities are, e.g., Předmostí (Mora-
via, CZ; Maška 1885; Musil 1968), Niederweningen (Zürich, CH; Lang 1892; Furrer 2005), caves in Britain
and on the European mainland (Leith Adams 1879; Lister 2001; Münzel 2001), Sevsk, and the Russian 
Plain in general (Pohlig 1891, 318f., pl. A, 5-5l; Maschenko 2002; Maschenko et al. 2006). There are but a
few dP2s on record where the earlier mammoths are concerned. Available for comparison were measure-
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ments of specimens referable to M. meridionalis from Khapry (Rostov on Don, RUS), the Valdarno Superiore
(Tuscany,  I), an East Anglian crag deposit (possibly near Bramerton, Norfolk, GB), and Maasvlakte I near
Rotterdam (S. Holland, NL). The number of specimens referable to M. trogontherii regrettably does not suf-
fice to suggest any cluster outline based on morphological details or their combination. Pohlig (1891, 443,
footnote; 444, fig. 145) and Dubrovo (1975, 128, tab. 1) mentioned two mandibular specimens from the
Mosbach Sands (Hessen, D) and Tiraspol (Moldova) respectively. The former used to be in the Senckenberg 
collection in Frankfurt, but could not be retrieved (pers. comm. O. Kullmer, 2010), and the whereabouts of
the latter are unknown (pers. comm. A. V. Sher, 2007). Just a single maxillary specimen then remains: the
one from Voigtstedt (Thuringia, D; age estimated at about 0.7 Ma), which Dietrich (1965) referred to his 
new subspecies, M. meridionalis voigtstedtensis (Dietrich, 1958). It is in the collection of the Senckenberg 
Research Station of Quarternary Palaeontology Weimar – IQW 1965/4019 (Voi. 2162) – and, because it
plots within the M. primigenius dP2 clusters, was considered to be morphologically advanced with respect 
to M. meridionalis (Van Essen 2011, 202ff.). Especially its individual ET range of 0.5–0.6mm (median value 
0.55mm) does not match the overall range based on four specimens referable to M. meridionalis: 0.7–
1.3mm (median value 1.00/0.98mm, from respectively overall range and four individual values). Hence, 
and because only M. trogontherii (including mosaic specimens) is positively identifiable within the rest of
the small molar sample from Voigtstedt, the dP2 was attributed to M. trogontherii. Its absolute length and 
the high LFi value that results from the greater compaction of its five short plates mark it as a comparatively
small specimen. However, M. trogontherii is known for its on average large individuals, so it is likely that its 
so far unknown dP2 size range overlaps with that of M. meridionalis. The above-mentioned lower specimen 
described by Pohlig – with x 4 x within 23mm crown length – confirms this with respect to mandibular
specimens. Whereas ratios such as HI, LWI and LHI will often separate ontogenetically later teeth at the spe-
cies level, they do not have this capacity where dP2s are concerned (see, e. g., Table 1). A bivariate graph 
with HI vs. LWI does separate dP2s from dP2s very well (Van Essen 2011, 203, fig. 32), but not according to
species.
The only observation regarding the Untermassfeld dP2s that points in the direction of M. meridionalis is 
perhaps the comparatively moderate crown height, which leads to a low HI value and a high LHI value, but 
referral of the dP2s to species cannot be separated from the verdict on the associated dP3s, for which see 
section 4.1.2.

4.1.2. Complete left and right dP3

Comparison of the dP3s with analogous specimens that belong to M. trogontherii is only in part possible be-
cause no really complete dP3s of this species were available: the Süssenborn sample – also in the collection
of the Senckenberg Research Station of Quaternary Palaeontology Weimar – comprises three more than
half-worn specimens, nos. IQW 1965/2151 (Süß. 6348), IQW 1964/2152 (S. 4482), and IQW 1965/2775 
(S. 9733). The first two of these have the reconstructed P value 6, which is directly observable in the third.
The first yielded a reliable W value (38mm), a LF of 11.0, and an ET range of 1.0–1.2mm; the second a
LF value of 10.0 and a modal ET of 1.0. The L value of the last is an estimated 63mm, to which a LF value
of 12.0 and an ET range of 0.81–1.26 can be added. Most of these values fall within the respective ranges 
found for M. meridionalis, so that a fairly extensive overlap, mainly caused by similar individual sizes, is 
to be expected. With somewhat less confidence the HI value of the second Süssenborn specimen, via an
estimated H value of c. 41mm, lands at the higher extreme of the M. meridionalis range: 108, which still
suggests overlap, especially as n = 4 only for the latter.
It is the considerable H value against the moderate L value that causes the LHI of the specimen from Un-
termassfeld to coincide with the M. meridionalis minimum. However, it is in HI that it markedly differs from 
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all other M. meridionalis specimens: while L and W suggest a comparatively small specimen if it should be
referable to M. meridionalis, the H value lies near the maximum of the M. meridionalis range. This raises 
the HI value well above the maximum of M. meridionalis, and even slightly above that of M. primigenius
(Table 2). Similarly, the low W value leads to a LWI of 190, which lies above the M. meridionalis maximum 
of 179 and nearly halfway to the M. primigenius maximum of 203.
The dP3 in the cranium from Untermassfeld can therefore be characterised as particularly high-crowned.
When plotted with M. meridionalis dP3s it is an outlier in this respect, and in comparison with the patchy 
record on M. trogontherii it turns out to be closer to IQW 1965/2775 (Süß. 9733) than to any specimen 
referable to M. meridionalis: the plate numbers are the same, the length values are very close to one an-
other, and the LF values – that slightly surpass the M. meridionalis maximum – just about coincide. It should
be noted, however, that IQW 1965/2775 (Süß. 9733) does not yield a HI value, whereas that of IQW 
1965/2151 (Süß. 6348) may coincide with the M. meridionalis maximum (108).
It is the question now whether referral of the Untermassfeld dP3 to M. trogontherii is feasible on the basis of 
the advanced characteristics of this specimen. It would mean that the shape of its crown and the degree of 
compaction of the lamellae within it are accepted as evidence in spite of the absence of a sufficiently large
analogous M. trogontherii sample from Süssenborn and elsewhere. Moreover, the full range of variation 
may not be represented by the eight available M. meridionalis specimens either, but as it stands, a t-test clas-
sifies the HI value of the Untermassfeld specimen (133) as significantly different from the analogous values
that compose the M. meridionalis range (mean 99.75, max. 108), even though the underlying H and W val-
ues of the Untermassfeld specimen individually fall within the respectiveM. meridionalis ranges, in the sense 
that H is near the upper limit, and W near the lower. Some heightening and narrowing of the crown is also 
observable in a few individuals that belong to so-called post-typical populations, i. e., populations younger, 
but not necessarily more advanced morphologically because of this, than those from the Valdarno Superiore 
in Italy. Among these is the one from Saint-Prest (F). Its age (c. 1.0 Ma) is similar to that of Untermassfeld.
In M3s of this sample, minor shifts of H and W values in opposite directions led to individual HI values that 
occasionally coincide with the higher extreme of the typical Valdarno range or surpass it by a few points, 
whereas the rest remained well within the typical range. Since this marginal increase in HI did not lead to a 
significant difference between the M3 means of these two groups (Lister and Sher 2001, fig. 3b; Van Essen
2011, 141), it is questionable whether an analogous increase in the HI value of an individual dP3 would at 
all be visible, let alone that it would surpass M. primigenius in this respect. Referral to an anagenetically 
advanced form of M. meridionalis would therefore seem improbable, also because the few specimens so far 
recovered at Untermassfeld might not characterise the entire population.
Another alternative could be that – both without and in combination with the dP2s in front of them – the
dP3s are argued to signal the morphological inhomogeneity called ‘mosaic’. Mosaic molars, known from 
a number of late Early and early Middle Pleistocene occurrences such as those from Sinyaya Balka (Taman
peninsula, NE Black Sea shore, RUS; Lister and Sher 2001), Dorst (N Brabant, NL; Van Essen 2011, 161ff.)
and Stuttgart-Rosenstein (Baden-Württemberg, D; l.c., 170ff.) essentially combine ‘contradictory’ P and HI
values, in the sense that one of these is meridionaloid and the other trogontherioid, which possibly indicates 
(the aftermath of) secondary contact between the species. In the present case, a detail that could be argued 
to be characteristic of M. meridionalis – in particular the P value, which shows overlap between M. meridi-
onalis and M. trogontherii (Table 2) – cannot be pinpointed.
In view of the fact that on the side of M. trogontherii there is hardly any material suitable for a necessarily 
more extensive morphological comparison, referral to species remains, as it were, in mid air.
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4.2. Three complementary unworn fragments of an isolated left dP3

Again, there are preciously few data on specimens referable to M. trogontherii, and the dP3 from Unter-
massfeld meets almost any of the criteria set by the strongly overlapping ranges of M. meridionalis and 
M.  trogontherii (Table 3). Within the available samples, dP3 size in the steppe mammoth is somewhat 
smaller, but then there are only three specimens to go by. The lack of really high L values for M. trogon-
therii leads to narrow LWI and LHI ranges, which the Untermassfeld specimen surpasses by a few points.
The M. meridionalis LWI and LHI ranges are much wider and suggest that in this case the true size range is 
covered by the much greater number of specimens represented.
The basic similarity between the Untermassfeld specimen and dP3s of both M. meridionalis and M. trogon-
therii, including the almost total overlap of ET ranges, would very probably translate into overlapping clus-
ters in diagrams if there were enough relevant data on M. trogontherii, and to the Untermassfeld specimen
falling within the overlap zone. Unambiguous referral to species is therefore impossible in this case, as it
proved to be in that of the dP3s.

4.3. M. meridionalis, isolated unworn complete left dP4

As regards referral to species, 7 is the modal P value in dP4s of M. meridionalis and has so far not been ob-
served in dP4 specimens of the later mammoth species and P. antiquus. Had the value been 8, there would 
have been some overlap with the M. trogontherii and P. antiquus ranges, but then the low HI would still only 
have allowed referral to M. meridionalis: even in dP4 there is a perceptible gap between the low-crowned 
M. meridionalis and its more high-crowned descendants, not to mention P. antiquus (Tables 5–6).

Fig. 5  The relationships between the ratios LWI, LHI, and HI in dP4 specimens referable to representatives of the mammoth lineage in 
Europe. The ratios are represented as percentages of their sum; bright red /Untermassfeld – IQW 1984/20052 (Mei. 19572); coral /DD3 –
Dorn-Dürkheim 3; coral – M. meridionalis; olive – M. trogontherii; blue – M. primigenius.
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Compared to the mean size values of the rest of the M. meridionalis sample, the specimen from Unter-
massfeld turns out to be relatively short (95.5% of mean L), wide (108% of mean W), and high (113% of
mean H). Its H value (71.4mm) is even the new maximum of the M. meridionalis dP4 range (52.0–71.4mm; 
mean 63.4mm; n = 18), so that it appears to be relatively advanced. This is also suggested by its position
in a 3D diagram that shows LWI, HI, and LHI as percentages of their sum (Fig. 5): because of its moderate
length and considerable height, the specimen’s LHI (152) is the lowest of those that represent M. meridiona-
lis in the diagram, while its LWI (174) is the lowest of all analogous Mammuthus values represented. These 
shape characteristics boost the relative importance of the HI and thus pull the plot away from the central 
area of the M. meridionalis cluster, which includes the probably younger specimen from Dorn-Dürkheim 3.
Still there is an unmistakable gap between the crown shapes of M. meridionalis – including the specimen
from Untermassfeld – and its higher-crowned descendant species, which is consistent with indications that
the morphological transition between them did not take place in Europe (Lister and Sher 2001; Lister et al.
2005).
Whether the observed changes in shape should be interpreted as a manifestation of mere intraspecific vari-
ability or as something akin to the mosaic contrasts between P and HI in some molars of late Early to early 
Middle Pleistocene mammoths remains to be determined. There are no compelling arguments, but a few 
remarks in favour of plain variability can be made:
-	 The Untermassfeld specimen may have widened some morphological ranges (H, LWI, LHI), but in its

absolute measurements it strongly resembles some typical specimens from the Valdarno Superiore and 
elsewhere, e. g., IGF 140/12793 and NCM 76.94 (2017), respectively from the Valdarno Superiore and 
the Cromer Forest-bed Formation or the North Sea. No stratigraphic data exist on the latter, so that no 
date other than ‘Early Pleistocene’ can be attached to it. These specimens are here contrasted with the 
specimen from Untermassfeld, in the same order: L – 110; e 110; 108.5; W – 59.; 60.5; 62.3; H – e 67;
68; 71.4. The differences vary between 1.4 and 6.6% (on average 3.8%) with respect to the data on 
the Untermassfeld dP4, while the HI values virtually coincide at a level scarcely above the M. meridionalis
mean (e 114; 112; 115; sample mean: 111.4).

-  The L value of a crown is in fact the sum of the variable lengths of plates and cement intervals, and also 
depends on the number of these. Small individual plate and interval lengths in combination with a fairly 
high and wide crown suffice to explain the very low LHI and LWI values. If any characteristic were to be
considered advanced, it would have to be the on average reduced lengths of plates and cement intervals.

-  In the 3D diagram (Fig. 5) the M. trogontherii and M. primigenius clusters are both strongly elongate 
because of the percentage ranges for the spread of HI and LHI values. The M. meridionalis cluster is 
somewhat less elongate, the cause of which need not be discussed here. Since it is impossible to refer 
the M. trogontherii specimen plotted in the upper right hand corner to M. primigenius because it be-
longs to the Süssenborn sample, it should be no problem at all to interpret the M. meridionalis cluster 
as morphologically coherent as well, and to refrain from considering taxonomical consequences for the 
specimen from Untermassfeld.

The morphological characteristics of dP4 of M. meridionalis so far do not allow a clear distinction between 
stratigraphically older and younger specimens (see section 5.). Those from Untermassfeld and the presum-
ably later Dorn-Dürkheim 3 suggest that the features of the overall shape of their dP4 crowns are random 
and gradational with respect to the other dP4s in the sample.
In general the specimens that may have resulted from secondary contact between M. meridionalis and M. tro-
gontherii have so far been characterised by P and HI values that represent both species in mosaic, i. e., contrast-
ing combination. In the dP4 from Untermassfeld, both P and HI are eminently characteristic ofM. meridionalis.
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4.4. M. cf. meridionalis, complete remains of right M3 in mandible fragment

The shape and ontogenetic growth stages of mandibles – especially of those that do not comply with the
rules of thumb generally applied (as in Lister and Sher 2015) – have not been fully explored, and it is ob-
vious that there is much individual, in part sexual, variability. The fragmentary state of the specimen from 
Untermassfeld (Table 7) does not allow a well-founded opinion on its primitive or advanced characteristics:
neither the symphysis nor the shape of the ascending ramus can be compared to those of a series of well-
dated mandibles, and an assessment of the degree to which the horizontal ramus was possibly shortened 
with respect to values found for mandibles of M. meridionalis is not possible because its height cannot be 
measured.
Especially because the medially annular and laterally lamellar wear figures (5O5) apparently characterised 
all lamellae of the M3, and because this feature is combined with those of a low crown, a considerable 
posterior crown width, and moderately folded enamel without any detail that suggests P. antiquus, Mam-
muthus is clearly indicated.
Advanced wear deletes most of the detail that normally allows referral to species, so that the measurements 
still possible must serve as the basis for a reconstruction of the original maxima.
The ET range of the M3 in each of its subdivisions (min., mod., med., and max.) lies above the analogous 
subranges found for M. trogontherii, and falls within those of M. meridionalis, slightly above the respective 
means (Table 8). The reconstruction of this molar therefore draws from data on M. meridionalis only. A 
determination of the wear stage of the M3, and hence an approximation of its age in AEY, requires a plau-
sible estimate of its original plate formula and length. Beyond the 11 lamellae and the posterior platelet
accounted for, the next higher values of P in M. meridionalis (12 and 13) would lead to lengths that indicate 
rather short specimens. Although this is not impossible, it is rendered improbable for two reasons: firstly,
the posterior W value suggests a crown maximum of c. 95mm, very near the species’ mean (c. 93mm; 
n = 68). Secondly, the anterior ends of complete remains such as this one – characterised by advanced wear
(with the posteriormost plates in early wear) and by a keel-shaped posterior root complex with a single pulp 
cavity – normally do not represent a basal point directly behind the front of the M3, but suggest a length 
reduction of c. 25%. This observation is based on comparisons of complete remains of M3s of M. primige-
nius with truly complete crowns characterised by similar width and lamellar frequency values. Because plate
numbers vary, the mean P of the M3 sample employed was used as a reference value. The said percentage 
is therefore a rough estimate. Applied to the M3 from Untermassfeld, it suggests an original L value around
299mm and a LWI of c. 315.
The given max. P value 15, corresponding to a plate formula x 15 p, provides another possibility to approach 
the original situation, because the actual specimen would need a complementary part with the plate for-
mula x 4 to reach that maximum. The LF given then determines how much longer the molar maximally was:
84mm. The L value this leads to is 308mm (224+84mm), but it is too high because it is based on the LF 
value of the incomplete molar, which is lowered with respect to the original overall value because of some 
basal divergence of the posterior lamellae. The lamellae within the anterior part of the crown may be as-
sumed to have been more compacted, so that a modest length reduction to 295mm is plausible. This then 
takes the LF from 5.32 to 5.59. In its calculation, the anterior talonid was considered the equivalent of half 
a lamellar length, and the posterior platelet was given the value of a lamella because it presumably is of 
about the same length; x 15 p then equals 16.5 plates, and 1650 : 295 leads to the overall LF value 5.59.
This is within range, and 0.60 above the mean frequency for M3 of M. meridionalis, which is 4.99 (n = 64;
σ = 0.65, V = 0.13).
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The LWI of the reconstructed molar is 311, virtually the mean value (308) of a sample of truly complete M3

specimens referable to M. meridionalis (n = 15; σ = 29.13, V = 0.09).
Since the specimen IQW 1999/26678 (Mei. 26207) is in late wear, it should be noted that its upward rota-
tion during the wear process now causes its length to be measured in a direction quite different from that 
formerly required for the complete molar: the length of a complete crown is measured between its anterior
and posterior extreme, at a level about halfway up from its baseline. The measurement of the rather worn 
Untermassfeld specimen, however, follows a line that runs obliquely from the upper region of the roots at
the front (i. e., the dentine platform below the level of the enamel joints of the lamellae) to a level near the 
tops of the hindmost plates. The longitudinal axis of the restored specimen is again that of a complete M3, 
not simply an extrapolation of the oblique measurement of the complete remains. Both lines meet at the
rear end of the molar, at an angle of c. 30°. The original crown lost about a quarter of its length, and roughly 
two thirds of its volume. The wear stage observed, based on the reconstructed P and L values, is approxi-
mately XXVII according to Laws’ schematic drawings of wear stages during mandibular tooth replacement 
in African elephants (1966). This implies an individual age of 52–54 AEY (G. Craig and G. Haynes in Haynes
1993, 338).
The specimen is referred to M. cf. meridionalis because theoretically it could still be mosaic. Trogontherioid 
characteristics might for instance be represented in the shape of the mandible or in a 16th true lamella, 
which would take the molar beyond the P range of M. meridionalis.

5. Synthesis and conclusions

Referral to species of the small sample of dental remains of mostly juvenile mammoths from Untermassfeld
has in part proven problematic. This is mainly caused by the fact that there is much overlap in absolute 
measurements of the two anteriormost milk premolars of M. meridionalis, M. trogontherii, and even M. pri-
migenius.
On the basis of purely morphological criteria, a certain inhomogeneity has turned out to be part of the pop-
ulation’s dental characteristics. This may relate to secondary contact between M. meridionalis and M. tro-
gontherii at some time and place, not necessarily Untermassfeld itself.
In more detail the following can be said about the specimens:
-  The juvenile cranium with both dP2s and dP3s [IQW 1996/25646 (Mei. 25175)] cannot be compared to

analogous specimens that belong to M. meridionalis and M. trogontherii. It was crushed and to some 
extent deformed. Hence there is no craniometric assessment of the parts that remain.

-  The dP2 specimens are of intermediate size and relatively low-crowned. They can only be compared to 
a single specimen referable to M. trogontherii, the smaller specimen from Voigtstedt. When considered 
separately, the morphological detail of the Untermassfeld specimens would lead to a referral to Mam-
muthus sp., or perhaps, if more data on M. trogontherii were available, to M. cf. meridionalis. In the end, 
however, they must follow the interpretation of the dP3s.

-  The dP3 specimens would have made a similar impression if the remarkable HI value of c. 133 had not 
interfered. Declaring this irregularity an example of normal intraspecific variability, i. e., a chance meeting
of a near-maximal H and a near-minimal W value, both within range of the known M. meridionalis dP3s, 
would not be satisfactory because the known HI range maximum for M. meridionalis dP3s lies so far 
below the value of the Untermassfeld specimen that a t-test confirms the significance of the difference.

  Theoretically possible options are either 1. that the specimen, and hence the cranium, is referred to 
M. trogontherii because of the significantly different HI value of the dP3 in comparison with M. meri­
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dionalis, even though referral to M. trogontherii of the Süssenborn morphotype cannot be substantiated 
because the specimens available for comparison are too incomplete and show range overlap, or 2. that 
it is for the same reason considered to belong to a population that as a whole could be called mosaic.
Both options encompass the dP2s as well, and neither of them can claim any preference on purely 
morphological grounds. Remains of more or less contemporaneous European populations exclusively 
referable to M. trogontherii have not yet been recovered, whereas there are indications that the influx of
trogontherioid elements into M. meridionalis populations had already begun around that time. Because
of this and the undoubted presence of M. meridionalis at Untermassfeld, option 2 is preferred. Although
it is difficult to render the complexity of the said biological variation in terms of Linnean taxonomy, the
solution M. cf. meridionalis is chosen here and in the figure captions. Behind this choice is the considera-
tion that essentially a single trogontherioid feature can be argued to have appeared within a population 
that does comprise specimens referable to M. meridionalis and M. cf. meridionalis, but has so far lacked 
indications of the presence of full M. trogontherii morphology. Future finds will hopefully throw some
more light on this matter.

-  The near-complete isolated left dP3 IQW 1997/26303 (Mei. 25832) is likely to have formed part of the 
mandible that belonged to the cranium, but it does not show a conspicuously high HI. The difficulty to
refer it to either M. meridionalis or M. trogontherii is caused by no other morphological circumstance 
than range overlap. Again, as motivated for the dP3 in the skull, the solution M. cf. meridionalis is cho-
sen.

-  The same may apply to the minor lamellar fragments IQW 1997/26304 (Mei. 25833) that possibly 
represent one or two of the four dP4 germs that must have formed part of the dental elements within 
cranium and mandible.

-  The complete isolated left dP4 IQW 1984/20052 (Mei. 19572) does not show any traits that would jus-
tify referral to any other taxon than M. meridionalis. The species having been established, the question 
remains whether there was any evolutionary change in dental morphology between c. 2.0 and 1.0 Ma 
that could support the late Early Pleistocene age of the Untermassfeld assemblage, especially with regard
to this isolated dP4, which in every detail can be compared to a series of equally complete and isolated 
analogous specimens. The general picture is that none of the populations that succeeded the typical 
form of M. meridionalis from the Italian Upper Valdarno sites varied beyond the morphological range
of that form in any character, but that there was a slight upward shift in average P and HI values. This 
applies to M3 specimens of larger samples first and foremost, because it is in these that morphological
changes become most clearly observable. Notwithstanding the stable range widths of the various mor-
phological characters, a number of supposedly advanced M. meridionalis subspecies were created over 
the past century, but from the present point of view the criteria that should lead to their identification
have proved insufficient because of small sample sizes, misinterpretations, methodological flaws and
newer insights (Van Essen 2011, 132ff., 216, 255). If appropriate, it seems better therefore to speak of 
an advanced, evolved or derived form rather than of an advanced subspecies.

Size does not carry much weight in the interpretation of single specimens, but when it comes to morpho-
logical detail, the P values of M. meridionalis dP4 specimens found at ‘post-typical’ sites, as opposed to those 
from the Valdarno Superiore and chronological equivalents, confirm that little or no evolutionary change
in P should be expected to become apparent within this group: five specimens that belong to the younger
sample do not differ at all from fifteen specimens from the older one in mean P (7), standard deviation (0.4)
and coefficient of variation (0.06) (Table 5).
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For a comparison of HI values the younger group is too small (n = 2). Nonetheless it is remarkable that even
one of the latest European samples of M. meridionalis, that of Dorn-Dürkheim 3 (c. 0.8 Ma; Franzen et al.
2000), comprises a dP4 with a HI of approximately 114 (Fig. 5, DD3). Even early Middle Pleistocene M. me-
ridionalis molars from S. Giminiano and Soave (I) do not show any derived features (Ferretti 1999, 508 f.; 
Palombo and Ferretti 2005, 114), so that late M. meridionalis populations are not necessarily morphologi-
cally advanced.
-  The complete remains of a right M3 in the mandible fragment IQW 1999/26678 (Mei. 26207) are refer-

able to M. meridionalis because of the ET range observed. This is modified to M. cf. meridionalis because 
some mosaic trait might be hidden because of incompleteness. Although not quite certain, the most 
plausible reconstruction of this specimen’s plate formula is x 15 p within a length of 295–300mm. To-
gether with the reconstructed max. W value of c. 95mm these characteristics classify the specimen as 
one of about average size.

Although the P value 15 has remained the maximum observed in M3s of M. meridionalis, and late popula-
tions of this species do not have to be morphologically advanced, the frequency of the occurrence of the 
higher P values in M3s does seem to have somewhat increased in post-typical populations. Hence it could 
be argued that the P value reconstructed for the M3 from Untermassfeld (15) – if correct – will sooner be
indicative of a relatively late population than of a typical one. However, since the relevant M3 samples are 
small, and a specimen with the P value 12 forms part of the more or less contemporaneous Saint-Prest pop-
ulation (MsnpC 28.SPR.78; pers. obs.), a greater number of complete specimens could possibly undermine 
the said argument.
More observations that lie beyond the morphology of the Untermassfeld sample but may still contribute
to its interpretation are the following: Remains of more or less contemporaneous European populations
comprising undoubted representatives of both M. meridionalis and M. trogontherii from a demonstrably 
single horizon have not yet been described, but such assemblages probably do exist. The first candidate
that should be named is the afore-mentioned site of Sinyaya Balka, Taman peninsula, where a bimodally
distributed sample with preservation characteristics unrelated with morphology was recovered, albeit from 
a reworked deposit. The site was dated to c. 1.0 Ma and yielded M3 specimens with 14 to 19 lamellae, and 
HI values from 130 to 180 (Lister and Sher 2001, fig. 3; Lister et al. 2005, 110, 113). The second candidate
is Dorn-Dürkheim 3 in the Upper Rhine valley (D; c. 0.8 Ma), where a similar species combination occurred,
but likewise in a reworked stratigraphical setting (Franzen et al. 2000; Lister et al. 2005). Instead of the
ideal undisturbed single-level assemblages, however, there are numerous indications that isolated advanced 
traits, especially high HI and P values, may occur in fossil assemblages that also comprise dental remains 
referable to M. meridionalis, such as that from Dorst (NL) at c. 0.95 Ma (Van Essen 2011, 161f.). Because
of this, the above-mentioned second interpretation of the two alternatives possible with regard to the high 
HI of the dP3 is preferred: its occurrence as a mosaic trait emerging within a population at least in part or
predominantly characterised by meridionaloid features.
With M. meridionalis, M. cf. meridionalis and a presumably mosaic anomaly indicated by the dental compo-
nents of its mammoth sample, Untermassfeld takes its place within the group of late Early Pleistocene and
early Middle Pleistocene sites that signify the presence of individuals with morphological characteristics that 
in one or more aspects distinguish them from the resident M. meridionalis populations. Most important in 
this connection is the sudden rise in HI, which is unlikely to have been the result of anagenetic evolution 
within Europe. Should it become necessary in future to acknowledge the presence of M. trogontherii as 
well, this would not influence the outcome of the present analysis.
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In order to avoid the nomenclatorial confusion that would arise if the now available subspecific taxon voigt­
stedtensis were to be transferred from M. meridionalis to M. trogontherii with the express intent to cover 
the mosaics of supposedly hybrid origin, the present author chose to refer these to the steppe mammoth 
and proposed to add an explanatory formula in brackets to point out their special status: M. trogontherii
[M. trogontherii (Pohlig, 1885) x M. meridionalis (Nesti, 1825)] (Van Essen 2011, 216f.). It is not implied
here that this referral is applicable to the cranium or even its dP3, because the lack of a contrasting feature 
otherwise exclusively found in M. meridionalis dP3s precludes this application. Furthermore, the individual 
that died in the flash flood was not necessarily the direct result of crossing between parents that did not
belong to the same species. Inherited genes may have caused the salient feature of the high HI value via 
one of them.
On the basis of finds from Italy, the persistence of the species M. meridionalis, or at least largely meridio-
naloid mammoths in southern Europe, can be traced into the part of the Galerian biochron which is dated 
to the early Middle Pleistocene (Ferretti 1999; Palombo and Ferretti 2005, 114; Lister et al. 2005). Lister and
Stuart (2010, 201ff.) discussed the complete remains of an M2 fragment from the West Runton Freshwater 
Bed (GB) and considered it very likely that it belongs to M. meridionalis, which would likewise imply an early 
Middle Pleistocene age (Cromerian Complex Stage, c. 0.7 Ma). The time around 1.0 Ma, at which M. tro-
gontherii first appeared in Europe, was therefore presumably followed by an episode of c. 300 ka before
M. meridionalis finally became extinct and the exchange of genes between representatives of this species
and of M. trogontherii – which may explain the existence of mosaic character combinations in mammoths –
stopped. This implies that mammoth remains that show mosaic peculiarities of any kind may in principle 
not only be expected to date back to the latter half of the Epivillafranchian sensu Kahlke (2007, 273, fig. 8),
but also to a part of the Galerian biochron beyond the Brunhes-Matuyama boundary. The Untermassfeld
mammoth population as such therefore neither corroborates nor disproves the Jaramillo date based on 
other evidence.
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