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A partial skeleton of “Mammut” borsoni (Proboscidea, Mammalia) 
from the Pliocene of Kaltensundheim (Germany) 

Wighart v. Koenigswald, Jakub Březina, Ralf Werneburg, and Ursula B. Göhlich

ABSTRACT

A detailed description of a partial skeleton of “Mammut” borsoni from the late Plio-
cene (Early Villafranchian, MN 16/17) of Kaltensundheim in Thuringia (Germany) is
provided, and concentrates on osteological comparisons with specimens of the Euro-
pean Mammutidae (Zygolophodon turicensis and “M”. borsoni) and the North American
Mammut americanum. Osteological similarities between “M”. borsoni and M. america-
num have to be regarded as parallelisms. The Kaltensundheim specimen is one of the
youngest appearances of mammutids in Europe. The skeleton may represent a
female, because it is distinctly smaller than male individuals from Milia in Greece of a
similar ontogenetic age. 

We use the genus name “Mammut” in quotation marks, because the genus Mam-
mut evolved in North America and no reinvasion into Eurasia can be proven. There-
fore, the genus name Mammut should not be used prematurely for Eurasian finds. 
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INTRODUCTION

Mammutids are one of the proboscidean fami-
lies that roamed Eurasia during the Neogene, from
the early Miocene (Mammal Neogene unit MN3b)
at about 18-17 Ma (Tassy, 1990; Göhlich, 2010;
van der Made, 2010) until the earliest Pleistocene
(MN17) at about 2.5-2.0 Ma (Virág and Gasparik,
2012). The Mammutidae originated in Africa during
the late Oligocene (Rasmussen and Gutierrez,
2009; Sanders et al., 2010; Tassy, 2018) invaded
Eurasia via the Arabian Peninsula and the “Gom-
photherium land bridge” during the early Miocene
(Tassy, 1990; Rögl, 1999; Harzhauser et al. 2007)
and subsequently immigrated via Asia
(Duangkrayom et al., 2017) into North America
during the late early Miocene via the Bering land
bridge (Prothero et al., 2008; Lofgren and Anand
2011). In North America the mammutid lineage ter-
minated in the iconic American mastodon Mammut
americanum (Kerr, 1792) that experienced a hey-
day during the late Pleistocene and is eponymous
for the family Mammutidae (Zazula et al., 2014;
Widga et al., 2017). 

Among proboscideans, Mammutidae are
characterized by their zygodont molar pattern
(Tobien, 1975, 1996). The cheek teeth of Mam-
mutids stay morphologically very conservative
throughout their evolution, and thus the differentia-
tion of species is difficult. Furthermore, mammutid
fossils (especially complete skeletons) are in gen-
eral very rare in Eurasia, much rarer than those of
gomphotheres or deinotheres. The cranial mor-
phology of Eurasian mammutids is almost
unknown and relatively complete dentitions, man-
dibles, or maxillas are barely found. Most findings
are isolated molars. These factors impede the
identification and definition of different mammutid
taxa and the deduction on their phylogeny. There-
fore, the detailed description of the partial skeleton
of the “Mammut” borsoni individual from the late
Pliocene of Kaltensundheim (Germany) and its
comparisons with some specimens of Mammuti-
dae (Zygolophodon turicensis, “M”. borsoni, M.
americanum) presented herein can serve to solve
taxonomic or phylogenetic questions of this poorly
understood group of proboscideans.

The earliest mammutid species in Europe is
Zygolophodon turicensis (Schinz, 1824), which
appeared during the early Miocene in MN3b at
about 18-17 Ma (Tassy, 1990; Göhlich, 2010) and
may have persisted until MN10, e.g., in Soblay
(France) (Tassy, 1985; Göhlich, 1999). In Spain,
however, Zygolophodon is supposed to be extinct
by MN8 (Mazo and van der Made, 2012). The ter-

minal taxon of Mammutids in Eurasia is the so-
called Borson’s mastodon, most widely known
under the binomen “Mammut” borsoni (Hays,
1834), which persisted until the earliest Pleisto-
cene (MN17). 

Several other mammutid species and genera
preceding “M”. borsoni were described from the
Neogene of Europe (e.g., Nikolov and Kovačev,
1966; Kubiak, 1972; Markov 2004, 2008) and Asia
(e.g., Mothé et al., 2016; Wang et al., 2020; Zhang
and Wang, 2021). For several of these species the
taxonomic identity and validity is, however, under
debate, because of incomplete materials that pro-
vide only a limited number of characters. Unravel-
ling these problems is not the scope of this paper.
Nevertheless, we provide a survey of the European
finds including measurements and stratigraphic
positions in order to provide an outline for detailed
discussions. Also, the affiliation of the Borson’s
mastodon to the genus has been under debate
since long. It was originally described by Hays
(1834) as Mastodon borsoni, but was subsequently
referred either to the basal genus Zygolophodon
Vacek, 1877 (e.g., Schlesinger, 1917, 1922;
Schaarschmidt, 1958; Bergounioux and Crouzel,
1961; Mein, 1990; Saunders, 1996; Rakovec,
1997; Tassy, 1985; Vislobokova and Sotnikova,
2001; Vislobokova, 2005) or to Mammut Blumen-
bach, 1799 (e.g., Fejfar, 1964; Kubiak, 1972;
Tobien, 1975, 1977, 1996; Kahlke, 1995; Tsoukala,
2000; Tsoukala et al., 2010; Karl et al., 2013; Tsou-
kala and Mol, 2016; Larramendi, 2016). The type
species of the genus Mammut Blumenbach, 1799,
however, is M. americanum (Kerr, 1792), the Amer-
ican mastodon. It is based on isolated molars
found in 1739 near the Ohio River in Northern Ken-
tucky (Tassy, 2002). 

To date, the reconstruction of the phylogeny of
mammutids and possible migration scenarios
between Eurasian and North American taxa is
encumbered with uncertainties, because of various
reasons: the fossil record is limited; a series of
dubious taxa was described: some of them are
questioned in their taxonomic validity; finally, any
evidence is missing that mammutids migrated
between Eurasia and North America more than
once, although required for some phylogenetical
reconstructions.

It is generally accepted that “M”. borsoni in
Eurasia and Mammut americanum from North
America represent terminal species of two inde-
pendent and geographically separated phyloge-
netic lineages (e.g., Saunders 1996; Tassy, 1996a;
Shoshani and Tassy, 1996; Markov 2004) and
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hypothesis of the second late Miocene-Pliocene
migration of Mammut to North America favored by
e.g., Schlesinger (1922) or Tobien (1977, 1996) is
unsufficiently supported. It is unlikely that the two
lineages separated since the early Miocene repre-
sent the same genus. As a consequence, the
genus name Mammut is not available for the Eur-
asian taxon, because otherwise it would implicate
a polyphyletic origin for the genus Mammut.
Recently, some other mammutid genera were
described or mentioned from Asian deposits. How-
ever, the validity of the newly established mam-
mutid genus Sinomammut Mothé, Avilla, Zhao,
Xie, and Sun, 2016, or the occurrence of the actu-
ally North American genus “Miomastodon” (Wang
et al., 2020) or of the African genus Eozygodon
(Zhang and Wang, 2021) in Asia requires further
extensive analyses, which are out of the scope of
this publication. For the time being, it has to remain
open, if “M”. borsoni might belong to one of these
genera or represents a so far undescribed genus.
Therefore, we follow Markov (2004, 2008) in his
provisional taxonomical solution “Mammut” bor-
soni, writing the generic name in quotation marks.

The Sinkhole of Kaltensundheim, Locality and 
Age of the Filling

The partial skeleton described here was dis-
covered in a former sinkhole near Kaltensundheim
on the eastern slope of the Rhön Mountains in
southern Thuringia, Germany (Figure 1). The sink-
hole is located on the northwestern margin of the
village Kaltensundheim on the southern side of
Lotte River. Its position is documented by maps
and photos. The coordinates are 50.610748 N,
10.153696 E (or in traditional geographic coordi-
nates 50°37’ N, 10°09’ E). The sinkhole is formed
within Middle Triassic limestone (unterer Muschel-
kalk, Wellenkalk), which overlies the Lower Triassic
Buntsandstein. Its uppermost part, the Röt Forma-
tion, contains gypsum and salt. Intensive karstic
underground dissolution of these minerals caused
a collapse of Muschelkalk limestones and forma-
tion of a number of sinkholes (Böhme, 1963, 1992).
The geologist Klaus Duphorn (later Univ. Kiel)
reconstructed the oval shape of the Kaltensund-
heim sinkhole with a 1 m long iron probe (Figure
1D) (Böhme, 1968, 1992). The maximal diameter
is of about 100 m in a north-south direction. The
depth is not known, but trenches of 10 m depth did
not reach the basement.

A thin overburden of less than 0.5 m contains
some fluviatile gravels. The fossiliferous sinkhole
fill consists of fine grained and layered sediments.

The upper section of up to 1.8 m is a yellow-brown-
ish to red-brownish loam with Fe-Mn concretions,
whereas the lower part is a blackish clay. The dif-
ference in color between the two sections is due to
sub-surface bleaching. In the section exposed
during the excavation, layers were observed to be
inclined at about 35° towards the center of the sink-
hole following the natural slope (Böhme, 1992).
The skeletons were imbedded in the brownish sec-
tion parallel to the sloping beds. In some parts, the
sinkhole stratigraphy was complicated by intensive
sediment slumping from the edges. Coloration of
the soil indicates also the presence of a second,
unexcavated sinkhole, about 500 m in a north-
westerly direction of the first sinkhole (Böhme,
1992).

In December 1957, large fossil bones were
discovered during construction activities for the
nearby farm leading to excavations the following
year. In 1958, the former Museum in Meiningen
(Thuringia) excavated the mammutid skeleton
(studied here) under the supervision of Friede-
mann Schaarschmidt (later Senckenberg Museum,
Frankfurt a. M.) (Figure 2). A second campaign
took part in 1962-1966 lead by Gottfried Böhme
(later Museum für Naturkunde, Berlin) and pro-
duced the skeleton of a small deer Avernoceros
ardei (Böhme, 1963; Pfeiffer-Deml, 2020). In 1976
to 1978, a third campaign in the same sinkhole was
executed by the Institut für Quartärpaläontologie in
Weimar under the direction of Hans-Dietrich
Kahlke. It yielded a second partial mammutid skel-
eton containing straight upper tusks. This second
individual is stored at the SFQW in Weimar and
was not accessible for this study. The two mam-
mutid individuals have not yet been published in
detail; the literature related to Kaltensundheim is
limited to excavation maps and field reports
(Schaarschmidt, 1958; Böhme, 1963, 1968, 2002,
2007; H.-D. Kahlke, 1981; R.-D. Kahlke, 1995,
1998). A description of the first skeleton of “M”.
borsoni excavated in 1958 is presented here. 

The Villafranchian age of the filling in the
Kaltensundheim sinkhole is indicated by three
mammalian species Hypolagus brachygnathus,
Arveroceros ardei, and “Mammut” borsoni (Böhme,
2002; Pfeiffer-Deml, 2020) and by a Late Pliocene
flora with 70 species. This flora was correlated to
Ceyssac in the French Massif Central. The age of
this “Ceyssac-Kaltensundheim flora” is assumed
as 2.8 Ma to 2.56 Ma (Gümbel and Mai, 2004; Mai,
2007; Böhme, 2007). This time slice includes the
Pliocene-Pleistocene boundary at about 2.6 Ma
and equals MN16 or MN17 in the European mam-
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mal chronology (Hilgen et al., 2012) (Figure 3).
Thus, the “M”. borsoni is slightly younger than the
finds from Vialette (F) and Hajnáčka (SK) assigned
to MN16 (Fejfar, 1964; Lacombat et al., 2008). The
latest occurrences of “M”. borsoni in Central
Europe are documented from Strekov and Nová
Vieska (SK) (Holec, 1985, 1996; Vlačiky et al.,
2008) and some Hungarian localities near Buda-
pest (Gasparik, 2001; Virág and Gasparik, 2012),
all dated as MN16-MN17.

The sinkhole fill was deposited in a small lake,
as indicated by remains of fishes (Esox lucius, cf.
Tinca, Rutilus sp.) and amphibians (Bufo bufo,

Bufo sp., and Rana temporaria). The sidewalls of
the sinkhole formed by the bedrock are very steep.
Thus, the sinkhole, most probably, formed a natu-
ral trap for small and large mammals (Hypolagus
sp., Avernoceros ardei, and “M”. borsoni) (Böhme,
1963, 1992, 2002). This interpretation is confirmed
by the relative completeness of the skeletons.

Beside this material from Kaltensundheim,
other localities in Thuringia and the Rhön area only
produced a few isolated molars of “M”. borsoni
(Kahlke, 1995; Braniek, 1995). Therefore, the skel-
etons from the Kaltensundheim sinkhole are
exceptional. 

FIGURE 1. A-C: Maps showing the geographic situation of the Kaltensundheim sinkhole north of the farm in the vil-
lage Kaltensundheim (Thuringia) in Germany. D: Plan of the excavation pits in the former sinkhole (Böhme, 1992).
(Figure 1C modified from GoogleEarth).
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MATERIALS AND METHODS

The partial skeleton from the Kaltensundheim
sinkhole excavated in 1958 is stored in NHMS in
Schleusingen, under the inventory numbers
NHMS-MTe 810/1 to 37. After its excavation, it was
exhibited in the local Museum in Meiningen (Figure
4A), subsequently moved partially to Weimar. In
1988, it was transferred to the Naturhistorisches
Museum Schloss Bertholdsburg in Schleusingen
(Thuringia). The available material is noticeably
less complete than in published excavation plans
(Figure 2). Therefore, it is possible that some other
skeletal elements of this individual remained unrec-
ognized in other collections. 

In the following, for convenience, only the last
number of the inventory acronym (NHMS-MTe 810)

referring to the individual bones is shown in brack-
ets:

Mandible with Dentition (NHMS-MTe 810/1) 

Forelimb. Small scapula fragment (17), humerus
dext (6), humerus sin (2), ulna dext (3a), ulna sin
(7a), radius dext (3b), and sin (7b).
Manus. Scaphoideum sin (21), lunatum sin (20),
cuneiforme dext (24), pisiforme sin (23), trapezium
sin (33), trapezoideum sin (32), capitatum sin (22),
hamatum sin (25), metacarpale primum sin (34),
metacarpale secundum sin (35), metacarpale ter-
tium sin (29), metacarpale quartum sin (28), prox.
phalanx 2 sin (36), prox. phalanx 3 sin (30), prox.
phalanx 4 sin (26), med. phalanx 2 sin (37), med.
phalanx 3 sin (31), med. phalanx 4 sin (27).

FIGURE 2. Excavation sketches of two “Mammut” borsoni individuals from the Kaltensundheim sinkhole. A: The spec-
imen excavated in 1958 is discussed in this paper. Yellow-shaded bones are housed in the NHMS (MTe 810) and are
described below. The whereabouts of the other bones is unknown. B: The second individual excavated in 1976-1978
is housed at the SFQW (modified from Kahlke, 1985) and was not available for this study.
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FIGURE 3. Stratigraphic position of important European localities with Zygolophodon and “Mammut”, and the expan-
sion of Zygolophodon from Africa to Eurasia and to North America. A second immigration of Mammutidae to North
America cannot be proven. NALMA - North American Land Mammal Ages; MN - European Neogene mammals Zones
and stratigraphic scale in million years according to (Hilgen et al., 2012). 
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Hindlimb. Femur dext (8), femur sin (4), tibia dext
(9), tibia sin (5a), fibula sin (5b). 

We provide 3D images of the mandible and
selected longbones on MorphoSource.

Preservation and Preparation

According to the excavation plan (Figure 2)
the bones were found in close articulation without
any traces of transport. Therefore, the bones
clearly belong to a single individual. All long bones
were fractured by compacting sediments but were
restored to a convincing general shape. The stabil-
ity of some bones was improved by inserting metal
sticks inside the bones during preparation (Figure
5B). The bones were consolidated with Geiseltal-
lack (polymere cellulose nitrate) and missing por-
tions have been sculpted in Kreidewachs (chalky
wax). Sculpted portions were identified by com-
puted tomography radiography (i.e., CT-scans)
(Figure 5A, C, D) provided by the Siemens Mag-
netic resonance imaging MRT in the Henneberg
Klinik in Hildburghausen. Therefore, we know that
despite the additions, the length and most other
measurements are not heavily altered. A digital
photogrammetric 3D-model of the mandible was

reconstructed from a series of photos using Reality
Capture (RC) and visualized with AVIZO.

Terminology and Comparative Materials

The osteological description follows the termi-
nology of Smuts and Bezuidenhout (1993, 1994)
and Göhlich (1998). Measurements of bones and
teeth were taken according to Göhlich (1998) using
callipers. 

For osteological comparisons with other mam-
mutid taxa we considered the descriptions and fig-
ures of the following material: skeletal remains of
Z. turicensis from Mikulov-Czujan’s sandpit, Czech
Republic (Březina, 2014; Březina and Ivanov,
2015), of “M”. borsoni from Milia, Greece (Tsou-
kala, 2000; Tsoukala and Mol, 2016) and from
Velenje, Slovenia (Rakovec, 1997), and of the
“Warren Mastodon” (Mammut americanum) from
Newburgh, N.Y. (AMNH 9950) described by War-
ren (1852) and figured by Olsen (1972). The online
3D-images of the “Buesching Mastodon” (speci-
men of Mammut americanum housed at the Indi-
ana State Museum; ISM 71.3.261) from Fort
Wayne, Indiana, provided by the UMORF Bone-
Picker (https://umorf.ummp.lsa.umich.edu/wp/ver-
tebrate-2/mammutidae/) were very helpful.

FIGURE 4. “Mammut” borsoni from Kaltensundheim. A: Historical photo (prior to 1988) of the mounted left arm and
the mandible of the first “Mammut” borsoni at a temporary exposition in Meiningen with Dr. Böhme. In the unrestored
mandible the two original mandibular tusks are obvious. B: The actual state of the mandible with reconstructed tusks
in the exhibition of the NHMS in 2017. 



KOENIGSWALD ET AL.: "MAMMUT" KALTENSUNDHEIM

8

Considered European Localities with 
Mammutidae

For comparison, we considered and partly
reinvestigated several mammutid dentitions, espe-
cially mandibles, from selected European localities
that are listed below with their stratigraphic position
in Figure 3. 

Zygolophodon turicensis Group

Localities with detailed stratigraphic refer-
ences:
Marsolan (FR); early Miocene, MN3b, (Tassy, 

1985; Mein, 1999) 
Artenay (FR); early Miocene, MN4, isolated 

molars (Tassy, 1977)
Puente de Toledo (ES); MN5 (Mazo and van der 

Made, 2012)
Pontlevoy (FR); middle Miocene, MN5 (Tassy, 

1985)
Klein-Hadersdorf (AT); middle Miocene, MN6, 

molars (Schlesinger, 1917; Harzhauser et 
al., 2011)

Devínská Nová Ves (Neudorf a.d. March) (SK); 
middle Miocene, MN6, coll. SNM, NHMW 
(Tóth, 2010a, 2010b; Zapfe, 1954)

Mikulov-Czujan’s sandpit (CZ); middle Miocene, 
MN6, teeth, shortened mandibles without 
tusks as well as some with tusks alveoli, 
postcranial bones, coll. MZM, PIUW, RMM 
(Březina, 2014; Březina and Ivanov, 2015; 
Březina et al., 2021).

Elgg (CH); middle Miocene, MN6-7; type specimen 
of Z. turicensis: m2 sin, coll. PIMUZ, 
(Hünermann, 1983)

Rajégats (Simorre, FR); middle Miocene, MN6-7 
(Tassy, 1985)

Malartic (Gers, FR); middle Miocene, MN7 (Tassy, 
1977, 1985)

Freising (Bavaria, DE); middle Miocene, MN6-7/8, 
coll. BSPG destroyed in in WW II) mandi-
ble with lower tusks and a moderately 
extended symphysis (Lehmann, 1950)

Tutzing (Bavaria, DE); middle Miocene MN6-7/8, 
coll. BSPG destroyed in in WW II); mandi-
ble with lower tusks and a moderately 
extended symphysis (Lehmann, 1950).

Villefranche d’Astarac (Gers, FR); middle Mio-
cene, MN7+8), skull and mandible with 
long (but extensively reconstructed) man-
dibular symphysis and lower tusks, coll. 
currently MNHN (Pontier, 1926; Tassy, 
1985; Duranthon et al., 1995).

FIGURE 5. Preservation and restoration of “Mammut” borsoni long bones from Kaltensundheim: 3D models based on
CT scans of the left femur (NHMS-MTe 810/4) (A: caudal, C: cranial) and left humerus (NHMS-MTe 810/2) from cau-
dal (D). After subtracting the (low density) glue and added artificial material, the fragmentation of the bones and the
state of preservation are evident (A, C, and D). B: The x-ray shows the internal stabilization with metallic rods.
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FIGURE 6. Mandible of “Mammut” borsoni from Kaltensundheim (NHMS-MTe 810/1). A: Anterior aspect of the sym-
physis, note that the rami are slightly distorted (not to scale due to perspective view). B: Left ramus from buccal. C:
Right ramus from buccal. D: Occlusal aspect of the dentition and the mandible. Abbreviations: cm – corpus mandib-
ulae, fm – foramen mandibulae, i1 – mandibular tusk, s – symphysis. 
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Wolkersdorf - Rochusberg (AT); late Miocene, 
MN9-11 (Harzhauser et al., 2004); incom-
plete mandible with a short symphysis but 
no lower tusks, coll NHMW, 1981/86/1, 
own investigation.

Soblay (Ain, FR), late Miocene, MN10 (Lortet and 
Chantre, 1878; Tassy, 1985)

“Mammut” borsoni Group

Within the “M”. borsoni group, we summarize
localities with evidences of “M”. borsoni and some
other related European specimens from the upper
Miocene of uncertain taxonomic status.

Localities with detailed stratigraphic refer-
ences:
Cerro de la Garita (Concud, ES); late Miocene, 

MN12 (Adrover, 1962, 1963; Mazo and 
van der Made, 2012)

La Basilla (Valencia, ES); late Miocene, MN 11 
(Mazo and van der Made, 2012)

Las Pedrizas (Concud 2, ES); late Miocene, MN12 
(Adrover, 1962, 1963; Mazo and van der 
Made, 2012)

Valdecebro 2 (ES); late Miocene, MN13 (Mazo, 
1981; Mazo and van der Made, 2012)

Belka (Odessa region, UA); middle Miocene, 
MN12, “Turicius turicensis” (=  “M”. bor-
soni) (Krakhmalnaya, 2008; Konidaris and 
Koufos, 2013)

Pikermi (GR); late Miocene, MN12, juvenile man-
dibles and skull (Tassy, 1985; Markov, 
2008)

Samos (GR); late Miocene, MN12, (Konidaris and 
Koufos, 2009)

Neokaisaria (GR); middle Miocene, MN12, partial 
skeleton (Konidaris and Tsoukala, 2020)

Ahmatovo (BUL); Turolian, MN11-MN13, mandi-
ble, “M”. obliquelophus (Nikolov and 
Kovačev, 1966; Markov, 2004, 2008)

Husnicioara Coal pit (RO); MN14, left m2 
(Codrea and Diaconu, 2007)

Otman Hill (Colibaşi, MDA); MN15, partial skull 
(Obada, 2014)

Alt-Lichtenwarth (= Große Thorstätten, Mühlberg, 
AT); MN14-16, isolated molars, coll. PIUW 
(Thenius, 1978)

Milia (GR); upper Pliocene, MN15, mandibles and 
tusks, coll. Grevena (Tsoukala, 2000; 
Tsoukala and Mol, 2016)

Vialette near Puy en Veley (Haute Loire, FR); 
Villlafranchian, MN16, mandibles with and 

without mandibular tusks, coll. ML (Lortet 
and Chantre, 1878; Lacombat et al., 2008)

Hajnáčka (= Ajnácskő, SK); late Miocene, MN16, 
mandible with short symphysis and iso-
lated molars, coll. HNHM, SNM 
(Schlesinger, 1922; Fejfar, 1961, 1964; 
Ábelová, 2003; Tóth, 2010a)

Kuzmice (SK); Pliocene, MN16/17, Maxilla with 
M3, (Černaňský, 2006)

Kaltensundheim (DE); MN16/17, partial skeleton, 
coll. NHMS (this paper)

Nová Vieska (SK); MN17, isolated molars, coll. 
SNM (Holec, 1996; Tóth, 2010a, 2010b)

Strekov (SK); MN17, isolated molars, coll. SNM 
(Holec, 1996; Tóth, 2010a, 2010b)

Localities without detailed stratigraphic refer-
ences:
Balta (Podolia district, UA); middle Miocene, Cra-

nium and lower jaw of “M”. praetypicum, 
coll. ISEA-Krakow (Kubiak, 1972)

Bernhardsthal (AT); Miocene/Pliocene, molars, 
coll NHMW, PIUW (own investigation)

Bosilkovtsi (Ruse district, north BUL); Plio-/Pleis-
tocene, (Chalwadźiev, 1986)

D’Autrey (Haute Saône, FR); Pliocene, coll. MD 
(Bergouinoux and Crouzel, 1961)

Farladani (= Ferladany, Fîrlădeni, MDA); Miocene/
Pliocene, mandible (Pavlow, 1894)

Fauverney, Mas-De-Marmote (Cote d’Or, FR); 
Pliocene, mandible without tusks, coll ML 
(Lortet and Chantre, 1878)

Nikolajew (=Mykolajiw, UA); Miocene/Pliocene, 
partial skeleton (Brandt, 1860; Pavlow, 
1894)

Pestchana (Podolia, UA); Miocene/Pliocene, man-
dible without tusks (Pavlow, 1894) 

Romanovka (UA); Miocene/Pliocene, type-mandi-
ble of “M”. obliquelophus, coll. OSUM 
(Mucha, 1980)

Škale near Velenje (SVN); lower Villafranchian, 
Carpalia (Rakovec, 1997).

Szabadka (Bács-Bodrog, HU); Pliocene, isolated 
molars (Schlesinger, 1922)

Villanova d’Asti (Piemont, IT); Pliocene, Villafan-
chian, M3 sup., type material of “M”. bor-
soni (Hays, 1834; Osborn, 1936; Masini 
and Sala, 2007). 

Abbreviations

BSPG Bayerische Staatsammlung für Paläon-
tologie und Geologie München in Staatli-
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che Naturwissenschaftliche 
Sammlungen Bayerns, München (DE)

HNHM Hungarian Natural History Museum, 
Budapest (HU)

ISEA Institute of Systematics and Evolution of 
Animals, Krakow (PO)

MD Muséum d‘Histoire Naturelle, Dijon (FR)
ML Musée des Confluences, Lyon (FR)
MZM Moravian Museum, Brno (CZ)
NHMS Naturhistorisches Museum Schleusin-

gen, Thuringia (DE)
NHMW Naturhistorisches Museum Wien (AT)
OSUM Odessa State University Museum 

Odessa (UA)
PIUW Paläontologisches Institut der Universi-

tät Wien (AT)
PIMUZ Paläontologisches Institut und Museum 

der Universität Zürich (CH)
RMM Regional Museum in Mikulov (CZ)
SFQW Senckenberg Forschungsstation für 

Quartärpaläontologie Weimar (DE)
SNM Slovak National Museum, Bratislava (SK)
SNSB Staatliche Naturwissenschaftliche Sam-

mlungen Bayerns (DE)
For countries the international codes are used: AT 

– Austria; BUL – Bulgaria; CH – Switzer-
land; CZ – Czech Republic; DE – Ger-
many; ES – Spain; FR – France; GR – 
Greece; HU – Hungary, MDA – Moldova; 
PO – Poland; RO – Romania; SK – Slo-
vakia; SVN – Slovenia; UA – Ukraine.

SYSTEMATIC PALEONTOLOGY

Proboscidea Illiger, 1811
Elephantiformes Tassy, 1988

Elephantimorpha Tassy and Shoshani, 1996
Mammutidae Hay, 1922

Mammut Blumenbach, 1799
“Mammut” borsoni (Hays, 1834) 

(Figures 5-15)

Mandible and its Dentition

The mandible (NHMS-MTe 810/1) (Figures 4
and 6, Table 1) comprises both corpora mandibu-
lae with left and right m2 and m3 and the symphy-
sis, but both ascending rami are broken off. In front
of the m2 the bone surface is rough indicating the
closed alveoli of the shed m1. The fragmented jaw
was restored. On a historical photo (Figure 4A) the
individual fragments can be recognized easily. In
the restored jaw, the tooth rows are moderately
converging mesially, and the left hemimandible is
slightly twisted, but this is probably due to the
reconstruction. The lower margin of the mandible is
almost straight and slightly ventrally inclined at the
symphyseal angle. The preserved symphysis is 24
cm long and holds two small lower tusks. The ante-
rior-most portion of the symphysisis incomplete;
thus, the complete symphysis might have been
slightly longer. On both sides, a large foramen
mentale opens laterally on the corpus mandibulae
below the distal end of the m2 at about 38 cm from
the preserved tip of the symphysis. 
Tusks. The actual state of the lower tusks in the
Kaltensundheim mandible is reconstructed by plas-
ter (Figure 6). Details of the original tusks, how-
ever, are documented in photos (Figure 4 A and B).
Their diameter is about 5 cm according to the size
of the alveoli, and their reconstructed external
length is about 15 cm, which corresponds to what
is seen on the photos. According to this picture, the
reconstruction is accurate. The current where-
abouts of the original lower tusks is unknown.

No upper tusks were associated with this indi-
vidual. However, the second individual from the
same sinkhole, housed in Weimar (SFQW), exhib-
its fairly straight tusks, about 1.5 m long (Figure 2).
The precise orientation of these tusks is straight or
slightly curved upwards, and resemble the upper
tusks from Milia (Touskala and Mol, 2016). It is
likely that there is some variability in this character.
Important for the differentiation of “M”. borsoni from
Z. turicensis is the lack of an enamel band on the
upper tusk. No traces of an enamel band are pres-
ent on the upper tusk of the second individual

TABLE 1. Measurements (mm) of the mandible of “Mammut” borsoni from Kaltensundheim.

mandible (1) mm

length of preserved symphysis (slightly incomplete) 240

height of corpus mandibulae below posterior end of m3 160

height of corpus mandibulae at level of foramen mentale 150

height of symphysis at symphyseal angle 180

min. width of symphysis 120
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(pers. comm., W.-D. Kahlke, Sept. 2019). The
same can be assumed for the decribed specimen.
Molars. When this individual died, m2 and m3
were in occlusal wear on both sides (Figures 6 and
7, Table 2). In front of both m2 the bone surface is
rough indicating the closed alveoli of the shed m1.
The molars on the left side are worn slightly more
than the right ones. Such minor asymmetry in
occlusal wear reflects the individual mode of masti-
cation and occurs frequently in mammalian denti-
tions.

Both m2 are moderately worn and partly bro-
ken. The right m2 lacks the entire first lophid, while
the crown of the posterior lophid on the left m2 is
missing. The m2 are trilophodont with a zygodont
pattern. The lophids are sharp-crested and the val-
leys are unblocked without any conules. The

median sulcus is distinct, but shallow. The pretrite
(buccal) half-lophids are all worn down to the den-
tine. A main cusp and one mesoconelet make up
the posttrite half-lophids. The mesoconelet is lower
but of similar width like the main cusp. Zygodont
crests are present on all posttrite half-lophids,
stronger on the posterior slope than on the anterior
one. On the left m2, the facet of the second pretrite
half-lophid shows a small anterior trefoil; a residual
cingulum is present in the labial exit of the first pre-
trite valley. Narrow and low cingula are present on
the anterior and the posterior end.

Both m3 are well preserved (Figure 7) and
only slightly worn on the anterior slopes and tips of
the first and second lophid. The left m3 is com-
plete, the right one is missing the forth lophid and
the pretrite third half-lophid. The m3 is made up by

FIGURE 7. Left m3 of “Mammut” borsoni from Kaltensundheim. A: buccal (pretrite), B: occlusal, C: lingual (posttrite);
B photo, A and C from 3D reconstruction.

TABLE 2. Measurements (mm) of the molar dentition of “Mammut” borsoni from Kaltensundheim. 

molars length max width W-1 W-2 W-3 W-4 height

m2 sin 105 84 73 ~80 ~84 - -

m2 dext - - - 80 83 -

m3 sin 164 90 83 90 86 77 54 (2nd)

m3 dext - - 82 88 - - 57 (2nd)

m2 + m3 267 -
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four zygodont lophids and a low and crenelated
posterior cingulum, which is slightly shifted to the
lingual side. The posterior slopes of the lophids are
slightly concave and steeper than the anterior
ones. All valleys are totally open and not blocked
by any conules. The median sulcus is distinct but
shallow, and weaker in the posterior lophids. The
pretrite half-lophids consist of a main cone and one
mesoconelet, whereas the posttrite half-lophids
show two to three somewhat irregular mesoconel-
ets. The pretrite half-lophids are slightly broader
and higher than the posttrite ones. All posttrite
main cones have zygodont crests. A crenelated
labial cingulum is present in all pretrite exits of the
valleys. On the anterior slopes of all pretrite main
cusps a bulge of enamel runs down in median
direction, crossing the mesoconelet. This is import-
ant, because during mastication, the first clear
facet is formed on this anterior structure of each
loph.

Molar wear facets inform mastication move-
ments in “M”. borsoni. The lower jaw is lifted in an
almost orthal direction during phase I of the chew-
ing cycle, so that the lophids of the lower and the
lophs of the upper molars intercalate. The facets
on the pretrite half-lophids in the lower molars indi-
cate that the movement is not exactly in an orthal
direction but creates some pressure in an anterior
direction. Accordingly, food items are compressed
against the steep posterior slope of the lophids
without forming a distinct facet. The anterior facets
are only visible as long as no dentine is exposed.
Such facets were observed in several other denti-
tions of Zygolophodon, but in M. americanum are
less common (Tassy, 2014, Koenigswald, 2016).
Phase II of the chewing cycle could not be identi-
fied in “M”. borsoni, but a lateral movement in lin-
gual direction as seen in juvenile teeth of M.
americanum cannot be excluded (Laub, 1996).

When the teeth are abraded to such a degree
that the dentine is broadly exposed, the surround-
ing enamel forms a functional ridge, across which
food items are pressed. This requires some lateral
movement. In the Kaltensundheim specimen, the
fragmentary m2 show the classic difference in wear
between the pretrite and posttrite sides. It is
caused by the different duration of the contact
between upper and lower tooth rows. In the acting
side, the lower molars move to the lingual side.
Therefore, during each chewing cycle the pretrite
sides buccal on the lower and lingual on the upper
molars are occlude for a longer stroke than the
postrite sides. Thus, more intensive abrasion on
the pretrite sides marks the longer contact between

the antagonists. The prerequisite of such a lateral
movement is the alternating occlusion of the right
and left tooth rows (Laub, 1996; Koenigswald,
2016). The pretrite-postrite difference in wear
occurs in gomphothere dentitions as well, whereas
in Elephantidae both sides probably occlude simul-
taneously and chew in proal direction.

Postcranial Elements

The postcranial material is catalogued as
NHMS-MTe 810/2-37. For space-saving reasons
only the last number is indicated (in brackets) in
the following text. The osteological comparative
material of other mammutid taxa is listed above in
the section Materials and Methods.

Forelimbs

Scapula. The material at the NHMS includes a
small fragment of the scapula (17). Preserved is a
small centerpiece of the scapula with the distal
base of the broken spina scapula, but allows no
further description or measurements.
Humerus. The right humerus (6) (Figure 5D and 8,
Table 3) is almost complete but lacks the crista
supracondylaris lateralis. The left humerus is more
fragmentary, missing the crista lateralis and the
central part of the distal diaphysis. According to the
CT-scans of the left humerus, the shape of the
crista surpracondylaris and the full length of the
bone is accurate. In both humeri, the proximal
epiphyses are fused, but the sutures are still visi-
ble. The spherical caput humeri is slightly com-
pressed mediolaterally. In proximal view, the
tuberculum major projects significantly cranially
and is separated from the caput by a deep sulcus
intertubercularis. The medial outline of the
humerus is distinctly convex. The mid-shaft is of tri-
angular shape with concave lateral and caudal sur-
face. Along the lateral surface of shaft twists a wide
and slightly concave sulcus musculi branchialis.
The crista supracondylaris lateralis is widely pro-
jecting laterally forming a prominent wing and ends
in a distinctive salient angle. This prominent wing
extends about the distal 2/5 of the entire length of
the humerus. The result is that the distal half of the
humerus is distinctly wider than the proximal half.
The crista humeri continues distally as a ridge
down to the trochlea by crossing vertically the cra-
nial fossa radialis. The trochlea humeri is sepa-
rated by a shallow sagittal sulcus in a wider medial
portion and a less wide lateral portion. In distal
view, this sagittal sulcus is deeper caudally (in the
proximity of fossa olecrani) than cranially. The
craniocaudal depth of the trochlea humeris is
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FIGURE 8. Long bones of the forelimb of “Mammut” borsoni from Kaltensundheim. A-F: humerus dext (NHMS-MTe
810/6), G-L: radius and ulna sin in articulation (NHMS-MTe 810/7). A – caudal, B – cranial, C and L – lateral, D and K
– medial, F and G – proximal, E and H – distal, I – palmar, J – dorsal. Abbreviations: Humerus: ch – caput humeri,
csh – crista humeri, csl – crista supracondylaris lateralis, el – epicondylus lateralis, em – epicondylus medialis, fo –
fossa olecrani, fr – fossa radialis, mf – median furrow, si – sulcus intertubercularis, smb – sulcus musculus brachialis,
td – tuberositas deltioidea, th – trochlea humeri, tmj – tuberculum majus, tmn – tuberculum minus, ttm – tuberositas
teres minor. Radius: cr – corpus radii, faCi – facies articularis carpea for Ci, faCr – facies articularis carpea for Cr, fcr
– fovea capitis radii. Ulna: faCu – facies articularis carpea for Cu, it – incisura trochlearis, o – olecranon, pa – proces-
sus anconeus, pcl – processus coronoideus lateralis, pcm – processus coronoideus medialis, to – tuber olecrani. 
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almost the same in the medial and lateral part. The
caudal fossa olecrani is small but deeply exca-
vated. 

The extended and angular proximal end of the
crista supracondylaris lateralis is typical for Mam-
mutidae and less pronounced in other proboscide-
ans. The proximal half of the humerus of the
Kaltensundheim specimen is in craniocaudal
aspect slenderer than that of M. americanum due
to the weaker crista humeri. The distal end of the
Kaltensundheim humerus is angled slightly crani-
ally (compared to the shaft); as a result, the crista
supracondylaris lateralis is only slightly inclined
caudally compared to the axis of the shaft. The cra-
nial deflection of the distal humerus and the caudal
inclination of the crista supracondylaris is more
pronounced in M. americanum. In this character
the Kaltensundheim humerus is similar to Z. turi-
censis. The humeral trochlea of the Kaltensund-
heim specimen and in Z. turicensis are relatively

wide (ratio width/depth of trochlea in Kaltensund-
heim 1.46, in Z. turicensis, 1.57). This ratio varies
in the three humeri from Milia (Tsoukala and Mol,
2016, tab. 10) between 1.12 and 1.37 in compari-
son to 1.3 in M. americanum. In general, the ratio
may be somewhat lower in “M”. borsoni, but the
taxonomic value of this character remains uncer-
tain.

The median sulcus of the trochlea is narrower
in the Kaltensundheim humeri than in M. america-
num. A peculiarity in the Kaltensundheim specimen
seems to be the vertical ridge intersecting the cra-
nial fossa radialis, which is observed neither in Z.
turicensis nor in M. americanum. In proximal view,
the tuberculum major is mediolaterally less mas-
sive than in M. americanum.
Radius and Ulna. Both right and left radius and
ulna (Figure 8, Table 3) are preserved in articula-
tion, but if they are fused by ossification or prepara-
tion is unclear. The distal epiphysal sutures of ulna

TABLE 3. Measurements (cm) of the long bones of “Mammut” borsoni from Kaltensundheim (measurements taken
according to Göhlich, 1998). Abbreviations: Cdia – circumference of diaphysis, Dcap – depth of caput femoris, Dd –
distal depth, Ddia – depth of diaphysis, Dolec – depth of olecranon from proc. anconaeus, Dp – proximal depth, Dtr –
depth of trochlea, GL – greatest length, GLc – greatest length incl. caput, GLmed – greatest length medially, GLtroch –
greatest length incl. trochanter, Lcrepi – length of crista epicondyluslateralis, Li – length of incisura trochlearis, Llat –
greatest length laterally, Lph – physiological length, Wcap – width of caput femoris, Wd – distal width, Wdia – width of
diaphysis, Wdtr – width of distal trochlea, Wolec – width of olecranon, Wp – proximal width.

Hum 
dext

Hum 
sin

Rad 
dext

Rad 
sin

Ulna 
dext

Ulna 
sin

Fem
dext

Fem 
sin

Tib 
dext

Tib 
sin

Fib 
sin

GL 107 ~101 ~77 79 89 92 125 127 80 85 ~77

Lph 97 100 - 73 74 76 119 123 - 74 -

GLc 98 101 - - - - - - - - -

GLtroch - - - - - - 119 - - - -

Llat - - - - - - - 117 - - -

GLmed - - - - - - - - 77 - -

Wp 30 ~28 - 11.5 - 30 - 19 30 31 -

Wcap - - - - - - 20.5 - - - -

Dcap - - - - - - 19.5 - - - -

Dp 34.5 36.5 - 9 - - - 19 - ~22 -

Li - - - - - 16 - - - - -

Wolec - - - - - ~19 - - - - -

Dolec - - - - 40 - - - - - -

Wdia 13 - 4 5 - - 18 18 12.5 13 2.5

Ddia - ~14 - 7 - - 10.5 10 12 10 3.8

Cdia 52.5 ~41 - 21 25 - 46.5 47 39 39 16

Wdtr 28 30 - - 15.5 15 27 21 21 - -

Wd - 34 13 12 ~20 - 28.5 31 - 22 11.5

Dd - ~20.5 17 20 - - - - 17.5 17 15

Lcrepi - 40 - - - - - - - - -

Dtr - - - - 14 14 29 29 - - -
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and radius are closed, but still visible. A small spa-
tium interosseum antebrachii is visible only
between the proximal fourth of the shaft of radius
and ulna.

Right (3b) and left (7b) radius are almost com-
plete, but both lack the lateral portion of the proxi-
mal epiphysis. The left radius is the best
preserved. The proximal articular facet of the
radius is dorsopalmarly concave, supporting the
rotation of the humerus. Its lateral part is missing,
but according to the lateral processus coronoideus
of the ulna its shape was triangular. The palmar
articular facets on the proximal end of the radius
for the ulna are not visible. The radius twists
around the dorsal side of the ulna and articulates to
its medial distal end. The shaft of the radius is slen-
der and thickens in its distal third. Both distal fac-
ets, for the radiale (scaphoideum) and the
intermedium (lunatum) are convex and separated
by a dorsopalmarly convex bulge. In distal view,
the distal ends of radius and ulna are of similar size
and the contact-line to the ulna is concave. The
dorsolateral edge of the distal facet for the interme-
dium forms a triangular extension and is concave
in profile.

Both ulnae (7 sin, 3a dext) are well preserved,
in the right one, only the tip of the processus
anconaeus and the lateral part of the processus
coronoideus is missing; in the left one, the medial
portion of the olecranon is broken off.

The olecranon is very robust and extends lat-
erally. The processus anconaeus is shifted slightly
to the lateral side and points proximodorsally; it
reaches about the same height as the olecranon,
from which it is separated by a clear concave
indentation. A distinct protuberance covers the
proximal side of the processus anconaeus and
widens the processus to both sides. 

In proximal view, the medial processus coro-
noideus is twice as large as the lateral one and car-
ries an almost circular facet whereas the facet on
the lateral process is more irregular. The shaft nar-
rows towards the midshaft and is triangular in cross
section with all three surfaces almost concave. The
distal end of the ulna is deeper than wide, angular,
and not rounded. The ulna articulates distally with
a small part of the intermedium (lunatum) and the
radiale (scaphoideum). The facet for the interme-
dium is strongly inclined towards the radius and
separated by a crest from the facet to the radiale.
The latter facet is almost triangular, dorsally con-
cave, and palmarly convex. The palmar sides of
ulna and radius show deep depressions proximal
to the distal articulation.

On the distal radius, the edge between the
both distal articulation facets is rounded in the
Kaltensundheim “M”. borsoni, whereas it is dis-
tinctly sharper in Z. turicensis. The distal articular
facets on the radius and ulna cover almost the
entire distal side of the bones in the Kaltensund-
heim “M”. borsoni and in M. americanum, whereas
in Z. turicensis the facets are relatively smaller. The
extended facets in “M”. borsoni and M. america-
num allow a wider rotation in dorsal direction. The
proximal margin between olecranon and processus
anconaeus forms a deep indentation in the
Kaltensundheim specimen, whereas the margin is
almost straight in Z. turicensis and M. americanum.
The distal contact between ulna and radius is
slightly medially convex in the Kaltensundheim
specimen and in M. americanum, but is almost
straight in Z. turicensis.

Manus

The skeleton of the hand in Mammutidae con-
tains the same elements as in Elephantida. The
bones, however, differ slightly in their articulation.
We mention below the observed differences
between Z. turicensis, “M”. borsoni, and M. ameri-
canum, but because of the limited material, the
individual variability within each taxon cannot be
fully evaluated. The carpal elements of “M”. borsoni
from Milia would be of interest because of the dif-
ferences in body size, but they are not described in
detail, so far. Measurements of the carpal and
metacarpal bones according to Dubrovo and
Jakubowski (1988) and Göhlich (1998) are pro-
vided in Tables 4-6.

Carpalia 

All four bones of the proximal row of carpalia
are preserved (Figures. 9, 10, 11, 12, Tables 4 and
5): os carpi radiale (Cr = scaphoideum), os carpi
intermedium (Ci = lunatum), os carpi ulnare (Cu =
cuneiforme), and os carpi accessorium (Ca = pisi-
forme). All stem from the left hand, except for the
Cu, which comes from the right hand.

The ulna articulates mostly with the Cu, but
also with Ca and marginally with Ci in a saddle
shape facet, and the radius articulates predomi-
nately with the Ci and a smaller oval facet of Cr
(see Figure 10). The combined proximal facets for
the ulna and the radius are of similar size. The
combined proximal facet for the radius is in large
parts dorsopalmarly concave, only in its dorsome-
dial portion its surface is convex. The combined
facet for the ulna is predominantly concave,
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becomes almost flat dorsomedially before it bends
onto the Ci.

The radiale (Cr, scaphoideum) (21) (Figure
11A-F, Table 4) tapers in a proximal direction. Its
medial surface is rough and irregular. The proximal
facet for the radius is elliptical, slightly concave,
and laterally inclined. The adjacent lateral facet for
the intermedium (Ci) is oriented vertically, semicir-
cular in shape and lowering dorsally. These two
facets form an almost perpendicular angle. A sec-
ond facet for the intermedium is situated distally on
the lateral side and forms a low, longitudinal band,
descending in dorsal direction. The distal articular
facet for the CII is triangular, slightly convex, and
shifted dorsally on the distal end.

Compared to the Kaltensundheim specimen,
the proximal facet for the radius is steeper and
inclined laterally in M. americanum. Also, the distal
facet for the second carpal is relatively small cover-
ing a smaller part of the distal end and is oriented
almost horizontally (more inclined laterally in
Kaltensundheim specimen), the palmar tuberosity
is more bulging and inflated, and the dorsopalmar
extension for both lateral facets for the interme-
dium are dorsopalmarely shorter and more distant
to each other. No radiale of Z. turicensis is known.

The overall shape of the intermedium (Ci,
lunatum) (20) (Figure 11G-L, Table 4) is triangular
in proximal view, widening dorsally. Due to the con-
cave proximal and distal surfaces, the bone is low-
est in the middle. The palmar end forms a

TABLE 4. Measurements (mm) of the proximal row of carpal bones of “Mammut” borsoni from Kaltensundheim (mea-
surements according to Göhlich, 1998). Indicated in square brackets is/are the bone/s to which the facet articulates.
Abbreviations: DdFl – depth of dist. lateral facet [for Cu], DdFm – depth of dist. medial facet [for Cr, or Ci], Ddg – max.
depth of Cu diagonal, DFd – depth of dist. facet [for CI-CIII, or CII-IV, or CIV], DFdl –depth of distolateral facet [for
McV], DFl – depth of lateral facet [for Ci], dFl – minimal distance between lateral facets, dFm – minimal distance
between medial facets, DFp – depth of proximal facet [for Ci, Rad., or Ulna], DpFl – depth of prox. lateral facet [for Cu],
DpFm – depth of prox. medial facet [for Cr, or Ci], GD – greatest depth, GH – greatest height, GW – greatest width,
HdFl – height of dist. lateral facet [for Cu], HdFm – height of dist. medial facet [for Cr, or Ci], HFdl – depth of distolateral
facet for [McV], HFl – height of lateral facet [for Ci], HFpa – height of palmar facet [for Ca], HFpdo – width of proximo-
dorsal facet [for Cu], Hm – medial height, HpFl – height of prox. lateral facet [for Cu], HpFm – height of prox. medial
facet [for Cr, or Ci], WD – min. width of “diaphysis”, Wd – distal width, WFd – width of dist. facets [for CI-CIII, CII-IV, or
CIV], WFp – width of the proximal facet [for Ci, Rad., or Ulna], WFpa – width of palmar facet [for Ca], WFpdo – width of
proximodorsal facet [for Cu], Wp – proximal width.

Cr = Os carpi radiale 
(scaphoideum)

Ci = Os carpi 
intermedium (lunatum)

Cu = Os carpi ulnare 
(cuneiforme)

Ca = Os carpi 
accessorium (pisiforme)

GH 138 GH 99 GH 106 GH 172

GD 139 GD 166 GD 135 GD 76

GW 87 GW 144 GW 171 WD 63

- - - - Ddg 202 Wp 86

- - - - Hm 70 Wd 89

WFp [Ci] 31 WFp [Rad.] 131 WFp [Ulna] 143 WFp [Ulna] 80

DFp [Ci] 86 DFp [Rad.] 136 DFp [Ulna] 110 DFp [Ulna] 34

WFp [Rad.] 50 - - WFpa [Ca] 56 WFpdo [Cu] 86

DFp [Rad.] 90 - - HFpa [Ca] 24 HFpdo [Cu] 52

WFd [CI-CIII] 67 WFd [CII-IV] 139 WFd [CIV] 159 - -

DFd [CI-CIII] 95 DFd [CII-IV] 129 DFd [CIV] 120 - -

DFl [Ci] 87 DpFl [Cu] 60 DFdl [McV] 107 - -

HFl [Ci] 28 HpFl [Cu] 45 HFdl [McV] 64 - -

- - DdFl [Cu] 101 - - - -

- - HdFl [Cu] 35 - - - -

- - DpFm [Cr] 86 DpFm [Ci] 40 - -

- - HpFm [Cr] 39 HpFm [Ci] 15 - -

- - DdFm [Cr] 87 DdFm [Ci] 60 - -

- - HdFm [Cr] 25 HdFm [Ci] 25 - -

dFl 22 - - dFm 14 - -
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thickened spherical tuberosity; the dorsal surface is
highest medially and becomes lower laterally. The
proximal facet for the radius almost covers the
entire proximal surface and is dorsopalmarly con-
cave in its palmar half, and becomes convex
towards its dorsomedial angle. In its dorsolateral
edge, the proximal surface articulates with the

ulna; this facet faces proximolaterally, is oval, and
slightly convex. The distal facet also covers the
entire distal surface; it is concave in its palmar half
and convex in its dorsal half; it articulates primarily
with the CIII and only in its mediodorsal angle with
the CII. On the medial surface the two vertical fac-
ets for the Cr differ in size; the proximal one is

TABLE 5. Measurements (mm) of the distal carpal bones of “Mammut” borsoni from Kaltensundheim (measurements
according to Göhlich, 1998). Indicated in square brackets is/are the bone/s to which the facet articulates. Abbrevia-
tions: DdFl – depth of dist. lateral facet [for CIV], DdFm – depth of dist. medial [for CIII], Ddg – diagonal depth, DFd –
depth of distal facet [for McI, II, III or IV], DFld – depth of laterodistal facet [ for McII], DFl – depth of lateral facet [for CII,
CIII], DFm – depth of medial facet [for CI, or CII], DFp – depth of proximal facet [for Cr, Cr+Ci, Ci+Cr+Cu, or Cu], DlFd
– depth of lat. distal facet [for McV], DmFd – depth of med. distal facet [for McII, or III], DpFl – depth of prox. lateral
facet [for CIV], DpFm – depth of medial facet [for CIII], GD – greatest depth, GH – greatest height, GW – greatest width,
HdFl – height of dist. lateral facet [for CIV], HdFm – height of dist. medial facet [for CIII], Hdo – dorsal height, HdoFl –
dorsal height of lateral facet [for CIII], HdoFm – dorsal height of medial facet [for CII], HFl – height of lateral facet [for
CII], HFld – height of laterodistal facet [ for McII], HFm – height of medial facet [for CI], HpaFl – palmar height of lateral
facet [for CIII], HpaFm – palmar height of medial facet [for CII], HpFl – height of prox. lateral facet [for ClV], HpFm –
height of prox. medial facet [for CIII], minHpFl – minimal height of prox. lateral facet [for ClV], minHpFm – minimal
height of prox. medial facet [for CIII], Wdo – dorsal width, WFd – width of distal facet [for McI, II, III or IV], WFp – width
of proximal facet [for Cr, Cr+Ci, Ci+Cr+Cu, or Cu], WlFd – width of med. distal facet [for McV], WmFd – width of med.
distal facet [for McII, or III], Wpa – palmar width.

CI - Os carpale primum 
(trapezium)

CII - Os carpale secundum
(trapezoideum)

CIII – Os carpale tertium 
(magnum)

CIV - Os carpale quartum 
(unciforme)

GH 90 GH 69 GH 113 GH 125

- - - - Hdo 89 Hdo 95

GD 101 GD ~120 GD 153 GD 153

GW 61 GW 71 GW 107 GW 136

- - - - Wpa 105 - -

- - - - Wdo 95 Ddg 164

WFp [Cr] 29 WFp [Cr+Ci] 70-80 WFp [Ci+Cr+Cu] ? WFp [Cu] 135

DFp [Cr] 61 DFp [Cr+Ci] ~110 DFp [Ci+Cr+Cu] 123 DFp [Cu] 126

WFd [McI] 53 WFd [McII] 59 WFd [McIII] 59 WFd [McIV] 86

DFd [McI] 87 DFd [McII] ~105 DFd [McIII] 118 DFd [McIV] 114

- - - - WmFd [McII] 43 WmFd [McIII] 40

- - - - DmFd [McII] 111 DmFd [McIII] 117

- - - - - - WlFd [McV] 57

- - HpaFl [CIII] 43 - - DlFd [McV] 106

HFl [CII] 86 HdoFl [CIII] 70 HpFl [CIV] 59 - -

- - - - minHpFl [CIV] 33 - -

DFl [CII] 47 DFl [CIII] 67 DpFl [CIV] 120 - -

HFld [McII] 32 - - HdFl [CIV] 25 - -

DFld [McII] 33 - - DdFl [CIV] 111 - -

- - HFm [CI] 55 HpaFm [CII] 44 HpFm [CIII] 63

- - - - - - minHpFm [CIII] 39

- - - - HdoFm [CII] 67 DpFm [CIII] 123

- - DFm [CI] 71 DFm [CII] 124 HdFm [CIII] 29

- - - - - - DdFm [CIII] 116

GH/GD 88.5 % GH/GD ~57 % - - GH/GD 81.7 %

GW/GD 60.3 % GW/GD ~60 % - - GW/GD 88.7 %
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extended, whereas the distal one is oval and
restricted to the dorsal half of the distal margin. On
the lateral side, the facet for the ulna is framed
along its distal edge by a narrow and longitudinal
facet for the Cu; the two facets are perpendicular to
each other. A second facet for the Cu, distally on
the lateral side, is sigmoid-shaped and lowering
palmarly. 

The Ci of “M”. borsoni from Kaltensundheim
and of M. americanum are more robust and more
angular than in Z. turicensis, which has a more tre-
foil-shaped Ci with rounded angles. The articular
facet for the ulna is steeper (facing more laterally)
in the Kaltensundheim specimen and in M. ameri-
canum than in Z. turicensis, in which this facet
faces more proximolaterally. This probably results
from the fact that the dorsal side of the Ci is lower-
ing stronger towards the lateral edge, than in M.
americanum and “M”. borsoni from Kaltensund-
heim. On the lateral side, the proximal facet for the
Cu that accompanies the distal margin of the facet
for the ulna forms a longitudinally distinct band in
the Kaltensundheim “M”. borsoni, whereas it is only

weakly adumbrated in Z. turicensis and not observ-
able in M. americanum.

The right ulnare (24) (Cu, cuneiforme) (Figure
11M-R, Table 4) lacks its mediopalmar portion, and
both articular facets for the Ci are incomplete. The
bone is triangular in proximal view, tapers laterally,
and extends into a lateropalmar process. It is high-
est in its medial half and lowers laterally. The proxi-
mal facet for the ulna is concave in its lateral part
and dorsomedially almost flat. The distal facet cov-
ers almost the entire distal surface; its primary
articulation is with the C4. Even if the mediopalmar
corner is broken off, a small area of distal articula-
tion with the C3 can be reconstructed based on the
proximal facets of the C3. The lateral process
exhibits laterodistally a facet for the C5, but it is not
clearly separated from the facet for the C4. On the
palmar side, the facet for the Ca is large and semi-
circular and contacts the proximal facet for the ulna
in a sharp straight edge. On the medial side, both
facets for the Ci are incomplete; the proximal
medial facet for the Ci is low but well developed
and continualy curves into the proximal facet for

the ulna; the distal medial facet is somewhat bigger than the proximal one. 

TABLE 6. “Mammut” borsoni from Kaltensundheim: measurements (in mm) of metacarpalia (measurements according
to Göhlich, 1998). Indicated in square brackets is/are the bone/s to which the facet articulates. Abbreviations: CD –
least circumference of diaphysis, Dd – max. distal depth, DD – least depth of diaphysis, DFl – depth of lateral facet [for
McIII, McIV or McV], DFm – depth of medial facet [for CI, McII, or McIII], DFp – depth of proximal facet [for CI, CII, CIII,
or CIV], DlFp – depth of lateral proximal facet [for CIII or CV], DmFp – depth of medial proximal facet [for CII or CIII], Dp
– max. proximal depth, GL – greatest length, HFl – height of lateral facet [for McIII, McIV or McV], HFm – height of
medial facet [for CI, McII, or McIII], Wd – max. distal width, Wp – max. proximal width, WD – least width of diaphysis,
WFp – width of proximal facet [for CI, CII, CIII, or CIV], WlFp – width of lateral proximal facet [for CIII or CV], WmFp –
width of medial proximal facet [for CII or CIII], WTr – max width of distal trochlea.

MC I MC II MC III MC IV

GL 150 GL 194 GL 217 GL 198

Dp 93 Dp 110 Dp 123 Dp 114

Wp 71 Wp 99 Wp 100 Wp 96

WFp [CI] 68 WmFp [CII] 66 WmFp [CIII] 58 WFp [CIV] 86

DFp [CI] 85 DmFp [CII] 100 DmFp [CIII] 116 DFp [CIV] 111

WIFp [CIII] 36 WIFp [CIV] 50

DFIp [CIII] 110 DFIp [CIV] 119

DFI [McIII] 36 DFI [McIV] 94 DFI [McV] 92

HFI [McIII] 100 HFI [McIV] 42 HFI [McV] 53

DFm [CI] 32 DFm [McII] 45 DFm [McIII] 97

HFm [CI] 41 HFm [McII] 100 HFm [McIII] 42

WD 50 WD 79 WD 77 WD 76

DD 64 DD 61 DD 59 DD 61

CD 194 CD 217 CD 227 CD 241

Wd 79 Wd 115 Wd 103 Wd 115

Dd 77 Dd 100 Dd 118 Dd 97

WTr - WTr 92 WTr 95 WTr 104



KOENIGSWALD ET AL.: "MAMMUT" KALTENSUNDHEIM

20

The Cu of “M”. borsoni from Kaltensundheim
and those of M. americanum are proximodistally
lower than in Z. turicensis; but the palmar articular
facet for the Ca in both taxa is higher than in Z. turi-
censis and forms a more prominent edge with the
proximal facet for the ulna. The lateral part of the
proximal ulna facet is more concave in “M”. borsoni
from Kaltensundheim and M. americanum than in
Z. turicensis.

The left accessorium (Ca, pisiforme) (23) (Fig-
ure 11S-X, Table 4) is proximodistally elongated
and irregularly “dumbbell” shaped. The proximal
facet for the ulna is slightly concave and semicircu-
lar and contacts in a straight line the proximodor-
sally facing facet for the Cu, which is flat and
rounded triangular in outline. The shaft ends in a
distal rugose protuberance. The palmar side of the
shaft is convex and rugose, while there is a
smooth, twisting sulcus along the dorsal side from
proximal mediovolar to distodorsal. 

The Ca of “M”. borsoni from Kaltensundheim
is dorsopalmarly somewhat flatter and in its mid-
shaft more constricted than in M. americanum.

There is no Ca of Z. turicensis available for com-
parison.

All elements of the distal row of carpalia (Fig-
ures 5, 12) of the left hand are preserved: carpale
primum (CI = trapezium), carpale secundum (CII =
trapezoideum), the carpale tertium (CIII = mag-
num), and carpale quatrum (CIV = hamatum, unci-
forme). Their proximal and distal articulation
counterparts are indicated in Figure 10.

The articulation between CIII and CIV from
the distal row and Cu and Ci from the proximal row
is in serial arrangement, whereas the articulation of
CII and CIII of the distal row and the Ci and Cr of
the proximal row are in aserial arrangement. The
carpals of the distal row articulate distally with the
metacarpals I-V (Figure 9).

The left carpale I (33) (carpale primum, trape-
zium) (Figure 12B-F, Table 5) is mediolaterally flat-
tened and approximately trapezoid in medial view,
tapering palmarly. The proximal facet for the Cr is
semicircular with a straight lateral border, flat, and
facing proximopalmarly. The adjacent lateral facet
for CII is irregular in shape, tapering palmarly, and

FIGURE 9. Left manus of “Mammut” borsoni from Kaltensundheim. A: Dorsal aspect of the left articulated hand skele-
ton. B-D: Comparison of proportions in mammutid forelimbs. B: Z. turicensis group (Turgai KAS, Mikulov-Czujan’s
sandpit CZ); C: “Mammut” borsoni (individual from Kaltensundheim DE); and D: Mammut americanum (individual from
Fort Wayne-Bueshing, from UMORF). Abbreviations: Cr – radiale, Ci – intermedium, CI-CIV – carpalia I-IV; McI-McIV
– metacarpalia I-IV; Ph 1-Ph 2 – proximal and medial phalanges of digits I-IV.
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FIGURE 10. Articulation of carpus of “Mammut” borsoni from Kaltensundheim. The colors indicate to which bone each
specific facet of the carpals and metacarpals articulates.
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FIGURE 11. Proximal row of carpalia of “Mammut” borsoni from Kaltensundheim. A-F: Cr = Os carpi radiale sin
(scaphoideum) (NHMS-MTe 810/21), G-L: Ci = Os carpi intermedium sin (lunatum) (NHMS-MTe 810/20), M-R: Cu =
Os carpi ulnare dext (cuneiforme) (mirrored) (NHMS-MTe 810/24), S-X: Ca = Os carpi accessorium sin (pisiforme)
(NHM-MTe 810/23). Abbreviations: dfCI – distal facet for CI, dfCII – distal facet for CII, dfCIII – distal facet forCIII,
dfCIV – distal facet for CIV, dfMcIV – distal facet for McIV, lfCi – lateral facet for Ci, lfCr – lateral facet for Cr, lfu – lat-
eral facet for ulna, mfCa – medial facet for Ca, mfCi – medial facet for Ci, pfCu – proximal facet for Cu, plfCa – palmar
facet for Ca, pfr – proximal facet for radius, pfu – proximal facet for ulna, plt – palmar tuberosity.
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FIGURE 12. Distal row of left carpalia of “Mammut” borsoni from Kaltensundheim. A: distal row of left carpalia in artic-
ulation in dorsal view, B-F: CI = trapezium (NHMS-MTe 810/33), G-J: CII = trapezoideum (NHMS-MTe 810/32), K-O:
CIII = magnum (NHMS-MTe 810/22), P-T: CIV = hamatum (NHMS-MTte 810/25). Abbreviations: dfMcI – distal facet
for McI, dfMcII – distal facet for McII, dfMcIII – distal facet for McIII, dfMcIV – distal facet for McIV, dfMcV – distal facet
for McV, lfCII – lateral facet for CII, lfCIII – lateral facet for CIII, lfCIV –lateral facet for CIV, lfMcII – lateral facet for Mc-
II, mfCI – medial facet for CI, mfCII – medial facet for CII, mfCIII – medial facet for CIII, pfCII – proximal facet for CII,
pfCr – proximal facet for Cr, pfCu – proximal facet for Cu, pfCi – proximal facet for Ci, pfMcI – proximal facet for McI,
plt – palmar tuberosity.
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FIGURE 13. Left metacarpal bones of “Mammut” borsoni from Kaltensundheim: A-E: McIV (NHMS-MTe 810/28), F-J:
McIII (NHMS-MTe 810/29), K-O: McII (NHMS-MTe 810/35), P-T: McI (NHMS-MTe 810/34). Abbreviations: lfMcIII –
lateral facet for McIII, lfMcIV – lateral facet for McIV, lfMcV – lateral facet for McV, mfMcII – medial facet for McII, mfM-
cIII – medial facet for McIII, mfMcI – medial facet for McI, pfCI – proximal facet for CI, pfCII – proximal facet for CII,
pfCIII – proximal facet for CIII, pfCIV – proximal facet for CIV, tMc – trochlea metacarpalis.
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slightly convex. This lateral CII-facet and the proxi-
mal Cr-facet contact each other along a straight
edge. There is a small rounded facet for the McII,
which faces laterodorsodistally. The lateral CII-
facet also contacts this McII-facet along an edge.
The medial and palmar sides of the CI are convex,
whereas the lateral surface shows an irregular
depression. The distal facet for the McI is oval and
large, covering the entire distal end and is slightly
convex. It is facing distomedially. 

The CI of “M”. borsoni from Kaltensundheim is
mediolaterally more flattened and less massive
than in M. americanum. The facet for the CII is
somewhat smaller and less square than in M.
americanum. The distal facet for the McI is oval

elipsoid in Kaltensundheim whereas rounded trian-
gular in M. americanum. There is no CI of Z. turi-
censis available for comparison.

The left carpale II (32) (carpale secundum,
trapezoideum) (Figure 12G-J, Table 5) (missing its
palmar end) is a narrow and low bone. In proximal
view, its overall shape is irregular trapezoid taper-
ing palmarly, while the dorsopalmar depth
increases laterally. The proximal facet is triangular
and slightly saddle-shaped – dorsopalmarly con-
cave and mediolaterally convex; it articulates pri-
marily with the Cr and in its dorsolateral segment
with the Ci. The distal facet for the McII is trape-
zoid, narrowing palmarly and slightly concave. The
medial facet for the CI is slightly concave in dor-

FIGURE 14. Proximal and medial phalages of the left hand of “Mammut” borsoni from Kaltensundheim. A-D: phalanx
proximalis II (NHMS-MTe 810/36), E-H: phalanx proximalis III (NHMS-MTe 810/30), I-L: phalanx proximalis IV
(NHMS-MTe 810/26), M-P: phalanx medialis II (NHMS-MTe 810/37), Q-T: phalanx medialis III (NHMS-MTe 810/21),
U-X: phalanx medialis IV (NHMS-MTe 810/27).
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FIGURE 15. Long bones of the hindlimb of “Mammut” borsoni from Kaltensundheim. A-F: femur sin (NHMS-MTe 810/
8), G-L: Tibia and fibula sin in articulation (NHMS-MTe 810/5). Views: A – cranial, B – caudal, C and K – medial, D and
L – lateral, E and H – distal, F and G – proximal, I – dorsal, J – plantar. Abbreviations: aicn – area intercondylare cen-
tralis, aicr – area intercondylare cranialis, cf – caput femoris, cl – condylus lateralis, cm – condylus medialis, ct -
cochlea tibiae, dfTc – distal facet for Tc, dfTt – distal facet forTt, el – epicondylus lateralis, em – epicondylus medialis,
fa – facies aspera, fc – fovea capitis, fe – fossa extensoria, fi – fossa intercondylaris, fp – facies poplitea, ft – fossa tro-
chanterica, mc – medial crest, ml – malleolus lateralis, mm – malleolus medialis, sm – sulcus malleolaris, til – tubercu-
lum intercondylare lateralis, tim – tuberculum intercondylare medialis, tof – trochlea ossis femoris, trmj – trochanter
major, tsll – tuberositas supracondylaris lateralis, tt – tuberositas tibiae.
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sopalmar direction and covers almost the entire
medial surface except its distodorsal corner. The
lateral facet for the CIII is L-shaped with its maxi-
mal height dorsally and slightly convex.

The CII of “M”. borsoni from Kaltensundheim
tapers (in proximal view) in palmar direction, but in
M. americanum the bone narrows quite abruptly
forming a distinct waist (especially on the lateral
side), so that the palmar portion of the CII is dis-
tinctly narrower than the dorsal part. As a conse-
quence, the lateral facet for the CIII is strongly
curved. It seems, that in M. americanum the CII
can be occasionally bipartite - split in two small
bones, a dorsal and a smaller palmar one, articu-
lating with each other. Such condition is developed,
e.g., in the right hand (but not in the left one!) of the
Buesching mastodon and in the Hyde Park mast-
odon (Fisher, 2008). But it is difficult to investigate
the development or variability of the CII within
mammutids in more detail, because it is rarely doc-
umented. No CII (trapezoid) is known of “M”. bor-
soni from Milia (Greece), but one is described from
the Villafranchian of Velenje (Slovenia) (Rakovec,
1997), which is not bipartite. No CII is known of Z.
turicensis. So far, occasional bipartite CII are
known only of M. americanum.

The left carpale III (22) (carpale tertium, mag-
num) (Figure 12K-O, Table 5) is a massive bone,
increasing in height in palmar direction and almost
square in proximal and dorsal aspect. The proximal
facet is nearly rectangular in shape, with slightly
concave medial, lateral, and dorsal borders; its pal-
mar half is domed convex while its dorsal half is
almost flat. The proximal facet articulates largely
with the Ci, only in its palmomedial and palmolat-
eral corners it articulates with the Cr and the Cu,
respectively. The distal facet for the McIII is narrow,
trapezoid, tapering palmarly, and slightly concave
in dorsopalmar direction. The distal facet for the
McII faces mediodistally, is mediolaterally narrow,
and almost flat. The distal facets for McII and III
form an angle of about 140°. The medial facet for
the CII is L-shaped with its dorsal part being the
highest and contacting the distal facet for the McII
along an edge. On the lateral side, there are two
facets for the CIV, which almost contact each other
dorsally, but diverge palmarly; the large proximal
one is waisted and slightly concavely flexed in the
middle, the distal one is elongated, low and slightly
concave in its middle.

In proximal aspect, the CIII of “M”. borsoni
from Kaltensundheim is almost rectangular in out-
line, whereas in M. americanum, in Z. turicensis

FIGURE 16. Metrical variability of the m3 in Zygolophodon turicensis (blue) and “Mammut” borsoni (red, Table 7),
compared to the approximate variability of the m3 in Mammut americanum (green) (data for M. americanum from
Dooley et al., 2019, figure 32). The m3 from Kaltensundheim (K) is relatively small compared to other specimens from
Central Europe, especially Milia (M).
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from Mikulov-Czujan’s sandpit (Březina, 2014) and
in “M”. borsoni from Velenje (Rakovec, 1997) the
bone forms a strong mediopalmar projection, so
that the medial side is strongly curved. Such a
strong medial step joint prevents any dorsopalmar
gliding movements between CII and CIII. However,
the absence of such a mediopalmar extension on
the CIII from Kaltensundheim seems to be intra-
specific variability, as it is present in “M”. borsoni
from Velenje. On the lateral side, the proximal facet
for the CIV is slightly flexed concave in “M”. borsoni
from Kaltensundheim and Velenje, but flat in M.

americanum and Z. turicensis. A distal facet for
McII is present in “M”. borsoni from Kaltensund-
heim and Velenje and in M. americanum, but miss-
ing in Z. turicensis (Mikulov-Czujan’s sandpit). In
“M”. borsoni from Kaltensundheim and in M. ameri-
canum the entire bone narrows distally, carrying
two facets ‒ for the McII and III ‒ whereas the CIII
of Z. turicensis does not narrow distally and pro-
vides only a single, but larger distal facet for the
McIII (a facet for McII is not developed). A CIII of
“M”. borsoni from Milia (Greece) was neither
described nor figured.

TABLE 7. Comparative measurements of lower m3 of “Mammut” borsoni from Kaltensundheim with values of “Mam-
mut” borsoni and of Zygolophodon turicensis from selected European localities.

Locality Taxon max length max width L/W Wx100/L Source

Strekov (SK), MN17 “M.” borsoni 160* 85 1.89 53 SNM; Holec, 1985

Strekov (SK), MN17 “M.” borsoni 147.6 87.1 1.69 59 Schmidt-Holouzka, 1970

Strekov (SK), MN17 “M.” borsoni 215 102.2 2.06 48 Holec, 1985

Nova Vieska (SK) MN17 “M.” borsoni 201 99 2.03 49 SNM, 

Kaltensundheim (DE), MN16-17 “M.” borsoni 164 90 2.73 36 own measurements

Sülzfeld (DE) “M.” borsoni 172 103 1.66 60 own measurements

Sülzfeld (DE) “M.” borsoni 187 104 1.80 55 own measurements

Hajnáčka (SK), MN 16a “M.” borsoni 196 104 1.88 53 Fejfar, 1964

Hajnáčka (SK), MN16a “M.” borsoni 195 94 2.07 48 Schlesinger, 1922

Vialette (FR), MN16 “M.” borsoni 181 104 1.74 57 own measurements, and 
Lortet and Chantre, 1878

Vialette (FR), MN16 “M.” borsoni 195 95 1.87 53 Lortet and Chantre, 1878

Milia (GR), MN15 “M.” borsoni 185 104.3 1.77 56 Tsoukala and Mol, 2016

Milia (GR), MN15 “M.” borsoni 181 105 1.72 58 Tsoukala and Mol, 2016

Milia (GR), MN15 “M.” borsoni 208.4 113.5 1.84 54 Tsoukala and Mol, 2016

Milia (GR), MN15 “M.” borsoni 209.4 115 1.82 55 Tsoukala and Mol, 2016

Milia (GR), MN15 “M.” borsoni 196 104 1.88 53 Tsoukala and Mol, 2016

Milia (GR), MN15 “M.” borsoni 198 107 1.85 54 Tsoukala and Mol, 2016

Audrey. (Haute-Saone) (FR), 
Pliocene

“M.” borsoni 177 97 1.82 55 own measurements

Buisson-la-Ville near Audrey (FR), 
Pliocene

“M.” borsoni 190 99.5 1.90 52 own measurements

Gros Roland near Issoire (FR), 
Pliocene

“M.” borsoni 181 96 1.88 53 own measurements

Grimolais (FR), Pliocene “M.” borsoni 193 106 1.82 55 own measurements, and 
Lortet and Chantre, 1878

Wörth am Rhein (DE), Pliozän “M.” borsoni 158 85 1.85 54 Maße R. Ziegler (SMNS)

Alt-Lichtenwarth (AT), MN14-16 “M.” borsoni 198.5 102 1.95 51 Thenius, 1987

Ahmatovo (BUL), Levantin “M.” obliquelophus 176 95 1.85 54 Nikolov and Kovačev, 
1966

Ahmatovo (BUL), Levantin “M.” obliquelophus 167 89 1.88 53 Nikolov and Kovačev, 
1966

Z. turicensis 159 75 2.12 47 Göhlich, 1998

Wolkersdorf (Rochusberg) (AT), 
MN9-11

Z. turicensis 160 81 1.80 56 own measurements
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The left carpale IV (25) (carpale quartum,
hamatum, unciforme) (Figure 12P-T, Table 5) is a
massive bone and in overall shape wedge like, with
a flat and high medial side and lowering laterally. In
proximal aspect, the outline is nearly semicircular.
A big proximal facet, which exclusively articulates
with the Cu, is convex lateromedially and domes
towards the palmomedial corner, where the bone is
the highest. The distal side is covered by three fac-
ets side by side, but angled to each other. The dis-
tal facet for the McIV is trapezoid, tapering
palmarly, and slightly concave in dorsopalmar
direction. The distal facet for the McIII is narrower,
almost square, faces mediodistally, and is slightly
concave dorsopalmarly. The distal facet for the
McV is rhombic, flat, and faces distolaterally; its
dorsal border contacts the proximal facet for the

Cu. The distal facets for McII and III form an angle
of about 140°. The medial side carries two facets
for the CIV, which almost contact each other dor-
sally, but diverge palmarly; the large proximal one
is slightly constricted and slightly convex dorsopal-
marly in the middle; the distal one is longitudinal,
low, and weakly convex in its middle.

The CIV of “M”. borsoni from Kaltensundheim
and Velenje and of M. americanum are very similar
in morphology. Only the distance between the two
medial facets for the CIII is somewhat narrower in
the Kaltensundheim specimen, than in “M”. borsoni
from Velenje and in M. americanum. Thus, this dif-
ference is not diagnostic. No CIV is available for
comparison of Z. turicensis from Mikulov and of
“M”. borsoni from Milia not described.

Mikulov (Czujan's pit), MN7/8 Z. turicensis 154 71 2.17 46 own measurements

Mikulov (Czujan's pit), MN7/8 Z. turicensis 147 78 1.88 53 own measurements

Mikulov (Czujan's pit), MN7/8 Z. turicensis (150) (75) 2 5 own measurements

Mikulov (Czujan's pit), MN7/8 Z. turicensis 168 79 2.13 47 own measurements

Mikulov (Czujan's pit), MN7/8 Z. turicensis 171 73 2.34 42 own measurements

Mikulov (Czujan's pit,) MN7/8 Z. turicensis 166 73 22.27 44 own measurements

Freising (DE), MN6-7/8 Z. turicensis 147 87 1.69 59 Lehmann, 1950

Freising (DE), MN6-7/8 Z. turicensis 141 76 1.85 54 Lehmann, 1950

Tutzing (DE), MN6-7/8 Z. turicensis 155 88 1.76 57 Lehmann, 1950

Tutzing (DE), MN6-7/8 Z. turicensis 155 88 1.76 57 Lehmann, 1950

Simorre (FR), MN6-MN7/8 Z. turicensis 156 69 2.26 44 Tassy, 1977

Malartic (FR), MN6 Z. turicensis 202 81 2.49 40 Tassy, 1977

Malartic (FR,) MN6 Z. turicensis 151 69 2.19 46 Tassy, 1977

Malartic (FR,) MN6 Z. turicensis 158 64 2.47 40 Tassy, 1977

Malartic (FR), MN6 Z. turicensis 204 94 2.17 46 Tassy, 1977

Malartic (FR), MN6 Z. turicensis 201 96 2.09 48 Tassy, 1977

Malartic (FR), MN6 Z. turicensis 159 75 2.12 47 Tassy, 1977

Kalksburg (AT), MN5-6 Z. turicensis 165 81 2.04 49 Schlesinger, 1917

Poysdorf (AT), MN5-6 Z. turicensis 211 87 2.42 41 Schlesinger, 1917

Klein-Hadersdorf (AT), ?MN5-6 Z. turicensis 156 65 2.40 42 Schlesinger, 1917

Rajégats (FR), MN6 Z. turicensis 204 94 2.17 46 Tassy, 1985

Rajégats (FR), MN6 Z. turicensis 201 96 2.13 47 Tassy, 1985

Hidvég (SK) Z. turicensis 199 100 1.99 50 Holec, 1985

Szabadka (SK) Z. turicensis 160 85 1.88 53 Holec, 1985

Vácz (SK) Z. turicensis 200 90 2.22 45 Holec, 1985

Turgai (KAS) Early Miocene Z. atavus 163 90 1.81 55 Borissiak, 1936

Turgai (KAS) Early Miocene Z. atavus 172 95 1.81 55 Borissiak, 1936

Locality Taxon max length max width L/W Wx100/L Source

TABLE 7 (continued).
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Metacarpalia (Figure 13, Table 6) 

The metacarpals I-IV of the left hand are pre-
served, McV is not available. The epiphyses of all
metacarpals are all fully fused, without any visible
suture. McIII is the longest of the metacarpals. McI

is the shortest and about 60% of the length of
McIII.

The left metacarpale I (34) (Figure 13P-T,
Table 6) is missing the lateral margin of the troch-
lea. The proximal end is palmarly extended forming
a protuberance. The proximal facet for the CI is

TABLE 8. Mandible measurements (mm) of Mammutidae and comparison of the symphysis length in relation to the
length of m2+m3.

locality taxon
length of 

symphysis
length 
m2+m3 mandibular tusk

ratio
symph/
m2+m3 source

Fort Wayne, USA 
(Buesching 
Mastodon)

M. americanum 140 235 lacking 0.59 UMORF

Hyde Park, USA M. americanum 135 273 lacking 0,49 Fisher 2008

D’Autrey, FR “M.” borsoni 110 270 present 0,41 Bergouniou and Crouzel 
1961, own measurements

Kaltensundheim, DE “M.” borsoni ~245 266 present 0.92 this study

Milia, GR “M.” borsoni, MIL 
143

310 ventral 
280 dorsal

310 present 1.00
0.9

Tsoukala 2000, tab. 1

Milia, GR “M.” borsoni, MIL 
562/563

ca. 190 325 alveolus present 0,58 Tsoukala and Mol 2016, 
table 4

Vialette (juv.), FR “M.” borsoni very brevirostrine (m1+2) lacking 0.68 Lortet and Chantre 1878

Farladani, MOL “M.” borsoni -- -- present 0.97 Pavlow 1893, ratio 
measured from plate 3, 
figure 5

Nikolajew, UA “M.” borsoni very brevirostrine ca. 330 present ca.0.4 Brandt 1860 (measured 
from plate 1), Pavlow 1894

Shanxi (Shansi), 
CHN

“M.” borsoni (= Z. 
shansiensis), juv.

symphysis 
restored

m1-m3 
415

0.54 Hopwood 1935, plate 6, 
figure 5, ratio measured 
from Tobien 1988, figure 
63b

Belka, UA “T.” turicensis 
(=obliquelophus or 
“M.” borsoni)

very juvenile -- present 0,69 Korotkevich 1988, figure 
25

Ahmatovo, BUL “M.” obliquelophus 350 ca. 271 alveolus present 1.3 Nikolov and Kovačev1966, 
Markov 2008

Romanovka, UA “M.” obliquelophus 296 sin/dext 
294/287

present 1.01-1.03 Mucha 1980

Balta?, Podolia, UA “M.” praetypicum 305 292 present 1.04 Kubiak 1972

Petchana, Podolia, 
UA

“M.” ohioticus (= 
borsoni)

short -- lacking, no 
alveolus

-- Pavlow 1894

Freising, DE Z. turicensis symphysis 
restored

-- present 0.83 Lehmann, 1950, ratio 
measured from plate 14, 
figure 26

Wolkersdorf, AT Z. turicensis ca. 120 266 lacking 0.45 own measurements

Villefranched’Astara
c, FR

Z. turicensis ca. 410, 
but symphysis 

largely restored 

250 present 1.64 Pontier 1926, measured 
from plate 8.
Duranthon et al. 1995

Turgai, KAS Z. “atavus” -- sin/dext 
292/281

present 1.51 Borissiak 1936, ratio 
measured, from plate 1, 
figure 4

Tung Gur, CHN Z. gobiensis 420 320 present 1.31 Tobien et al. 1988, 
measured from figure 39
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oval, flat, and slightly laterally inclined. As is typical
for a marginal digit, the distal trochlea is somewhat
asymmetrical, with the axis of the trochlea being
slightly deflected. The dorsal part of the trochlea is
low. 

The left metacarpale II (35) (Figure 13K-O,
Table 6) is missing its proximopalmar part and
some pieces of the midshaft where the bone was
broken. The overall shape of the McII (in dorsal/
palmar aspect) appears distorted as the proximal
half of the bone is shifted laterally and is therefore
more asymmetric than McIII and IV. The proximal
facet for the CII is triangular, slightly concave and
faces slightly proximomedially. The adjacent proxi-
mal facet for the CIII is rectangular, flat and sepa-
rated from the CII-facet by a curved edge, which is
more distinct in its palmar half. Situated on the
medial side of the proximal end is a small, flat, and
semicircular facet for articulation with the CI. On
the lateral side of the proximal end runs an
extended semicircular facet for McIII. There is a
swollen protuberance dorsolaterally on the proxi-
mal end. The cross-section of the mid-shaft is
rounded-triangular. The distal trochlea reaches
higher (in proximal direction) on the palmar side
than on the dorsal side. On the palmar side the
proximal extension of the trochlea is strongly
asymmetric and distinctly declines in height
towards medially. There is a strong protuberance
for a ligament on the medial side of the distal end. 

The proximal end of the McII of “M”. borsoni
from Kaltensundheim is relatively broader, latero-
medially than in Z. turicensis and M. americanum.
It also is distinguished from the latter two in having
a larger medial CII-facet. The proximal end of M.
americanum (Buesching specimen) differs from the
Kaltensundheim specimen and Z. turicensis by
having a strongly concave medial incision on the
articular facet for CII. The edge between the proxi-
mal facets for CII and CIII is curved in “M”. borsoni
from Kaltensundheim and in M. americanum, but
straight in Z. turicensis. Furthermore, both taxa dif-
fer from Z. turicensis by a proximodistally higher
lateral McIII-facet.

The left metacarpale III (29) (Figure 13F-J,
Table 6) is complete and the largest of the Mc-
series. In dorsal aspect, the proximal end only
extends on its lateral side. Both proximal facets, for
articulation with CII and CIII, are of similar size,
almost rectangular, and clearly separated by a
slightly curved edge forming at the highest point of
the bone. The CIII-facet is slightly concave,
whereas the CIV-facet is almost flat and facing
slightly proximomedially. On both sides of the prox-

imal end, there is an adjacent medial and lateral
facet for the McII and McIII, respectively; they are
dorsodistally extended and flat. The medial McII-
facet is incomplete palmarly. The shaft is dorsopal-
marly flattened and slightly pyriform in cross-sec-
tion. A distinct longitudinal (proximodistally) crest
runs along the palmomedial half of the shaft. On
the medial and lateral side of the distal end are
strong protuberances for ligament attachments.
They form the largest width of the bone. The distal
trochlea is higher palmarly than dorsally. On the
palmar side, the trochlea is damaged in its medial
half. The palmar part of the trochlea is devided by a
distinct sagittal bulge in two equally sized facets for
the sesamoids. 

The McIII of “M”. borsoni from Kaltensund-
heim and from Velenje (Rakovec, 1997) are mor-
phologically very similar. Whereas the proximal
facets for CII and CIII are almost equal in size in
the Kaltensundheim specimen, the CIII-facet
seems slightly larger in “M”. borsoni from Velenje
and in M. americanum, but which is obviously not
of any taxonomic importance. No McIII of Z. turi-
censis is known.

The left metacarpale IV (28) (Figure 13A-E,
Table 6) is complete, slightly shorter than McIII, but
longer than the McII; at its distal shaft it is the medi-
olaterally widest of all preserved metacarpals. In
dorsal aspect, the proximal end is laterally flexed,
as the lateral side is broadened while the medial
side is laterally inclined. The proximal facet for
articulation with the CIV is rounded-triangular and
slightly saddle-shaped. On both sides of the proxi-
mal end, there is an adjacent medial and lateral
facet for the McIII and McV, respectively; they are
dorsopalmarly extended and slightly concave; the
medial facet is inclined laterally and shorter than
the lateral one. The mid-shaft is almost circular in
cross-section. The shaft widens in distal direction
and is widest at the level of the medial and lateral
protuberace for the ligament attachment. The
trochlea is higher on the palmar side than on the
dorsal side, and the palmar side of the trochlea is
divided by a weak sagittal bulge in two halves
(medial half is proximally higher than the lateral
one) for articulation of the sesamoids.

The McIV of “M”. borsoni from Kaltensund-
heim and from Velenje are less stout than that of
M. americanum, but stouter than that of Z. turicen-
sis from Mikulov-Czujan’s sandpit. In dorsal view,
the proximal end of the McIV of “M”. borsoni and of
Z. turicensis only broadens on its lateral side while
the medial side is laterally inclined, whereas in M.
americanum it is extended on both sides. The prox-
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imomedial facet for the McIII is more steeply
inclined in “M”. borsoni than in M. americanum,
which results in a more laterally braced fourth fin-
ger in the latter. The lateral facet for the McV is
proximodistally higher in “M”. borsoni than in M.
americanum, in which it is very low.

Phalanges (Figure 14) 

The proximal and medial phalanges of the II,
III, and IV left digits (36, 37, 30, 31, 26, 27) are pre-
served, and all epiphyseal sutures are closed. The
proximal phalanges are the widest and deepest
proximally, slightly tapering distally; ph1II shows
the most pronounced distal tapering among the
three proximal phalanges. The ph1III is the biggest
and almost symmetrical in dorsal view, ph1 II and
IV are smaller and asymmetrical; ph1II is some-
what stretched proximomedially and ph1IV proxi-
molaterally. The proximal facets of all proximal
phalanges are oval and dorsopalmarly concave. 

The three medial phalanges are smaller than
the proximal ones. Among the three medial phalan-
ges, ph2II is the longest (longer than wide) and
exhibits the most pronounced distal taper, ph2III
the widest (wider than long), and ph2IV the small-
est (wider than long). Ph2III is almost symmetrical
in dorsal view. In ph2IV the proximal oval facet is
slightly laterally inclined. Ph2II is the most asym-
metrical and distorted proximolaterally to distome-
dially, so that the proximal facet is medially
inclined.

Hindlimbs

Femur (Figures 5 and 15A-F, Table 3). Both fem-
ora are more or less complete; in the left one (4)
the area between caput and trochanter major is
partialy reconstructed (see Figure 5), in the right
one (8) the trochanter major is missing but
restored. The trochanter major is distinctly lower
than the caput. The caput femoris is hemispherical
with only an indistinct notch of the fovea capitis on
its mediocaudal margin. The lateral margin of the
trochanter major forms a caudally projecting bulge
bordering the deeply concave caudal fossa tro-
chanterica. The shaft is slender, straight (in medial/
lateral view), and craniocaudally flattened. The
tuberositas supracondylaris forms a longitudinal
crest along the lateral side of the distal half of the
shaft. The distal epiphyseal suture is fused, but still
visible. The epicondylus medialis is situated some-
what more proximal than the lateral one and is
more swollen. The trochlea femoris is slightly
oblique (in cranial view) and inclined proximolater-
aly; its medial crest is slanting proximolaterally,

whereas its lateral crest is oriented vertically and
projecting further distally than the medial one. In
caudal view, the medial and lateral condyles are
converging in proximal direction. The fossa inter-
condylaris is therefore very narrow, but deep. The
condylus medialis is more massive and distinctly
higher in proximal direction than the lateral one.
The facies poplitea proximal to the condyles is con-
cave and wide. In distal view, the distal end is
almost as wide as deep.

The distal epiphysis (in distal view) of “M”.
borsoni and Z. turicensis have almost an equiva-
lent width and depth, whereas in M. americanum it
is clearly wider than deep. Therefore, also the
fossa intercondylis is wider in M. americanum, but
narrow in “M”. borsoni and Z. turicensis. The size
difference between the smaller medial condyle and
the larger lateral condyle is more significant in “M”.
borsoni and M. americanum than in Z. turicensis, in
which both condyles have approximatelly the same
size. The crest-like tuberositas supracondylaris
along the lateral distal half of the shaft is not later-
ally projecting in “M”. borsoni and M. americanum,
but some of the femora of Z. turicenis from Miku-
lov-Czujan’s sandpit show a weak or even strong
projection in the mid-shaft. A complete femur of
“M”. borsoni is mentioned from Milia (Tsoukala and
Mol, 2016), but was not described nor figured and
thus cannot be compared.
Tibia (Figure 15G-L, Table 3). The left tibia (5a) is
almost complete and preserved in articulation with
the fibula, and the right tibia (9) lacks the dorsal
part of the proximal epiphysis. The condylus medi-
alis is large, higher than the lateral condyle, and its
proximal articular facet is concave and egg-shaped
in outline. The condylus lateralis is less high than
the medial one, projects laterally, and carries a
smaller, oval and concave proximal facet. Both
proximal articular facets for the femur raise
towards the median and contact each other in a
short sagittal crest (eminentia intercondylaris).
There is no sagittal furrow (area intercondylaris
centralis) between the medial and lateral tubercu-
lum intercondylare, but they are fused to a sagittal
crest. Median on the dorsal side of the proximal
end the tuberositas tibiae forms a V-shaped bulge
split from proximal by a distinct sulcus extensior. A
small and slightly concave facet for the articulation
with the fibula is situated on the plantar side of the
lateral condyle. A longitudinal crest is present
along the entire lateral side of the shaft. The plan-
tar surface of the proximal half of the shaft forms a
prominent wide furrow, which follows the course of
the articulating fibula; the furrow is bordered later-
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ally by the above-mentioned lateral crest and medi-
ally by a plantar crest, which is very sharp and
prominent in the proximal third of the shaft. The
gap between tibia and fibula (spatium interosseum
cruris) is only open in its distal part, but this is due
to the preparation of the fossil bones. The medial
side of the shaft is dorsoplantarly deeper than the
lateral side, which results in a piriform cross sec-
tion of the midshaft. The distal epiphysis is some-
what flattened dorsoplantarly. In distal view, the
concave cochlea tibiae cover almost the entire dis-
tal end, is trapezoid in outline, and slightly tapering
medially towards the malleolus medialis. The latter
forms a blunt swelling on the medial side, projects
distally, and therefore, acts as the medial wall of
the cochlea tibiae. A distinct sulcus malleolaris
runs on the medial side of the distal end, twists
from proximoplantarily to distomedially, and termi-
nates at the malleolus medialis. The distal contact
facet for the fibula located in the lateroplantar inci-
sura fibularis, is slightly concave and faces dist-
odorsally; its outline is not well preserved in the
right tibia.

The proximal end of the tibia seems mediolat-
eraly more extended in M. americanum (caused by
a medially more projecting medial condyle) than in
“M”. borsoni from Kaltensundheim and Milia and Z.
turicensis from Mikulov. In both “M”. borsoni from
Kaltensundheim and Z. turicensis, the proximal
articular facets contact each other in a sagittal
crest (eminantia intercondylaris), whereas they do
not contact in M. americanum, but are separated
by a furrow-like area intercondylaris centralis. The
sulcus maleolaris is more prominent in “M”. borsoni
from Kaltensundheim than in Z. turicensis.
Fibula (Figure 15H, J, L, Table 3). Only the left
fibula (5b), attached to the tibia, is preserved but
lacks its proximal end. The slender shaft thickens
in distal direction and terminates in a thickened dis-
tal end with the malleolus lateralis on its lateral sur-
face. In distal view, the contact line of the medial
side of the fibula to the tibia is slightly concave. The
distal articular facet for the calcaneus is semicircu-
lar in shape and concave. The articular facet for
the astragalus is approximately of same size, but
flatter. These two facets contact each other along
their plantar halves in an almost right angle, but are
separated in their dorsal halves by a sulcus. Due to
the articulation of the fibula with the tibia the medial
side cannot be seen. 

The distal articular facets for the astragalus
and calcaneus in “M”. borsoni from Kaltensund-
heim are almost perpendicular, but are more
obtuse in Z. turicensis and M. americanum.

DISCUSSION

Taxonomic Identification

Zygodont molars identify the skeleton from
Kaltensundheim as a typical mammutid probosci-
dean. The fauna of the Kaltensundheim sinkhole is
assigned to the Late Pliocene (MN16-17). During
that time, “M”. borsoni is the only mammutid spe-
cies known from Europe. 

It is generally accepted that “M”. borsoni in
Eurasia and Mammut americanum from North
America represent two geographically separated
terminal species of Mammutidae (e.g., Saunders
1996; Tassy, 1996a; Shoshani and Tassy, 1996;
Markov, 2004). Both were attributed to the genus
Mammut although the genus name is linked to the
North American lineage by the type species M.
americanum. The availability of the genus name
Mammut for European specimen depends on the
phylogenetic hypothesis. 

Some authors favor a separate evolution of
New and Old World mammutids. During the lower
Miocene Zygolophodon invaded North America
and gave rise to the North American Mammut (e.g.,
Saunders, 1996; Markov, 2004; Koenigswald et al.,
2020, acc). The European lineage is assumed to
have evolved independently. Therefore, the genus
Mammut could not originate in two different conti-
nents. According to an older hypothesis (e.g.,
Schlesinger, 1922; Tobien, 1975, 1977) the Eur-
asian “Mammut” borsoni (or praetypicum/oblique-
lophus if valid) entered North America in a second
immigration phase during the late Miocene/Plio-
cene. Such a second immigration, however, lacks
any evidence, so far. Other authors were waiting
for better finds before the one or another hypothe-
sis can be accepted (e.g., Tassy, 1996a; Shoshani
and Tassy, 1996).

We follow the solution of Markov (2004,
2008), using the genus name “Mammut” with quo-
tation marks, it shall focus the taxonomic problem
and indicate that the mammutid species from
Kaltensundheim does not represent the North
American genus automatically.

The molars of the Kaltensundheim specimen
show the typical characters for mammutids:
(Tobien, 1975, 1996; Tassy, 1985): sharp crested
lophids, almost completely reduced pretrite
conules (crescentoids), open transverse valleys,
zygodont crests on posterior slops of postrite main
cusps. The m3 differs from those of Z. turicensis by
its relative larger width and the relatively increased
height of the lingual crown-base compared to the
height of the lingual (posttrite) lophids (Figure 7).
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The molar dimensions are in the range of the “M”.
borsoni group (Figure 16, Table 7). The ranges of
molar lengths are almost the same in Z. turicensis
and “M”. borsoni, but the m3 of the “M”. borsoni
group are generally wider, although there is over-
lap. Within the “M”. borsoni group, the Kaltensund-
heim m3 is distinctly smaller than the m3 from Milia
(Table 7). The relatively short symphysis (Table 8)
with two mandibular tusks corresponds with “M”.
borsoni and is shorter than in Z. turicensis and also
slightly shorter than in the specimens referred to
“M”. obliquelophus and “M”. praetypicum (Nikolov
and Kovačev, 1966; Kubiak, 1972; Mucha, 1980;
Markov, 2008). Even if this last character shows
significant population-level variability, all morpho-
logical characters of the dentition and the mandible
as well as the stratigraphic position support the
assignment to “M”. borsoni. 

The m3 of the Kaltensundheim mandible lies
within the range of the smaller sized specimens of
“M”. borsoni (Figure 16). The molars from the local-
ity Milia in Greece are all larger, especially longer,
but they are similar in their length-width ratio (Table
7). The overlap of the dimensions between Z. turi-
censis and “M”. borsoni is affected by the general
variability of the molar dimensions within each
taxon and also by their sexual dimorphism, but
might also be affected by a slight evolutionary
trend characterized by an increasing molar size
between the two species according to their strati-
graphic position. However, within the tooth-size
range of “M”. borsoni, the m3 from Kaltensundheim
is distinctly smaller than those from the stratigraph-
ically older site Milia in Greece (MN15). The metri-
cal variability of the m3 of “M”. borsoni covers
almost the same range as M. americanum (Figure
16, metrical data of M. americanum taken from
Dooley et al., 2019, Figure 32). 

Detailed comparisons for each bone with
other mammutid taxa are given above. Such com-
parisons are hampered by the fact that postcranial
material and descriptions of mammutid taxa are
quite limited. Furthermore, the skeletal remains of
compared mammutid taxa represent single individ-
uals or very few individuals, which reduces our
knowledge of morphological variability for the dif-
ferent species.

We describe above the few morphological dif-
ferences of the various bones between the studied
specimen of “M”. borsoni from Kaltensundheim and
the other mammutid taxa. In most of the studied
bones (ulna, radius, Ci, Cu, CIII, McI, femur) and
forelimb skeleton (Figure 9) grater similarity with
the M. americanum than with ancestral Z. turicen-

sis was observed. Such similarity is in agreement
with monophyly of the genus Mammut proposed by
e.g., Schlesinger (1922) or Tobien (1977), but
greater similarity with Z. turicensis than with M.
americanum, found in humerus and tibia, imply a
parallel evolution of geographically separate evolu-
tionary lineages of Mammutids proposed e.g., by
Saunders (1996) or Markov (2004). Parallel evolu-
tionary trends (in this case most probably tied to
increasing of body size and lengthening of limb-
bones with shortening and broadening of the feet)
in several groups of proboscideans is well docu-
mented (e.g., Shoshani and Tassy, 1996). How-
ever, one has to be aware that the range of
morphological variability in these features in each
taxon is unknown. Therefore, nature of all
observed characters must be tested in further stud-
ies.

Differences between Mammut americanum
and the elephantid Mammuthus primigenius are
much more obvious as illustrated by Olsen (1972).
In comparison to the Elephantidae, the skeletal
bones of most Mammutidae were sturdier (Warren,
1852; Osborn, 1936; Haynes, 1991). The long
bones are more massive, which is expressed in a
much higher circumference of the diaphysis (Chris-
tiansen, 2007: Figure 3). It is unclear, however,
how differences in body mass are reflected in the
skeletal elements of the manus. In order to make
better comparisons between taxa, a detailed
description for the available bones of “M”. borsoni
from Kaltensundheim is provided.

“Mammut” borsoni from Milia was larger than
most extant elephants, Loxodonta africana and
Elephas maximus (Larramendi, 2016). However,
the fossil elephantid Palaeoloxodon antiquus was
even larger (Larramendi, 2016). Two different val-
ues are suitable to compare the size of proboscide-
ans, the shoulder height and the body mass. The
ratio of these values cannot be transferred from
extant proboscideans to the fossil ones, because
of the varying body proportions (Christiansen,
2004, 2007; Larramendi, 2016; Larramendi et al.,
2017) (Figure 17, Table 9 and 10).

The Kaltensundheim Individual

Body size and mass. It is tempting to calculate
the body size and body mass from the dimensions
of long bones using extant elephants as a model.
The ratio between the dimension of the bones and
the presumed body size was traditionally extended
to fossil proboscideans (Osborn, 1942). Christian-
sen (2004) derived formulae from Loxodonta afri-
cana and Elephas maximus to calculate the body
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mass from various measurements of each long
bone (Table 9 and 10). He demonstrated the great
significance of the circumference of bones carrying
the body. The results may indicate relative size on
the order of magnitude. However, Larramendi
(2016) demonstrated with more detailed studies
that such calculations are not very accurate, for
two reasons: most fossil proboscideans differ in

their proportions from extant Elephantidae, and
most data for Elephantidae were derived from zoo
animals, which do not represent natural conditions
(Larramendi, 2016). The skeletal shoulder height is
calculated as the sum of the length of manus,
radius, humerus, and scapula. The living height is
estimated to be 5.5 % larger, because of included
skin, muscles, and cartilage Larramendi (2015).

FIGURE 17. Comparison of the body size in various proboscideans. The silhouettes are from Larramendi, 2016. The
one for Kaltensundheim (gray) is adjusted to the predicted shoulder height in flesh 320 cm. “Mammut” borsoni was
larger than most individuals of Mammut americanum. Abbreviations: BM – predicted body mass, SH – shoulder
height. 
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Osborn (1942) estimated this height increase to be
6.33 %. Larramendi (2016) investigated the rela-
tionship of length in the different long bones in dif-
ferent proboscideans. He found very strict
correlations that help to reconstruct missing ele-
ments: e.g., the length of the median metacarpal
(McIII) makes up half of the manus height; the
height of the manus equals exactly half of the max-
imal radius length, and thus the radius length is
four times the McIII length. 

A. Larramendi (Donostia, Spain) kindly pro-
posed different ways to calculate the shoulder
height and the body mass of the Kaltensundheim

specimen based on our measurments (A. Larra-
mendi, pers. comm. March 4, 2020). The length of
the humerus contributes 33.5 % of the skeletal
shoulder height, and this value results for the
Kaltensundheim specimen 301 cm and corre-
spondingly 318 cm of shoulder height in flesh
(Table 9B).

Various other calculations result in a height
estimate that is the same order of magnitude. Very
precise measurements are avoided here because
differences between left and right sides occur, and
the McIII is more than the postulated one-fourth of
the radius length. 

TABLE 9. Prediction of the body mass (t) of the individual of “Mammut” borsoni from Kaltensundheim according to dif-
ferent methods. A: Calculated reconstruction of body mass (t) for the individual of Z. borsoni from Kaltensundheim
based on different measurements of long bones, using the formula provided by Christiansen (2004): log Body mass = a
+ b (log x), where x is the relevant measurement. We used those measurements that were claimed by Christiansen
(2004: 533) to be the most significant. The formula was deduced by Christiansen (2004) based on extant elephants
(Elephas maximus and Loxodonta africana), and thus the results for Zygolophodon borsoni might deviate due to some-
what different body/bone proportions. B: Reconstruction of body mass (t) using the equations provided by Larramendi
(2016: 552) for adult Zygolophodon borsoni. Besides the estimated shoulder height of 300 cm, values for a smaller and
a larger shoulder height were calculated.

A Bone, measurement mm log10
formula from Christiansen 

2004
Body mass

Log10
Body mass

in tons

Humerus dext,
min. circumference

524 2.7193 -1.598 + 2.062 (log x) 4.009 10.2

Humerus dext,
min. depth diaphysis

140 2.1461 -0.503 + 2.009 (log x) 3.8 6.4

Radius sin, 
max. length

790 2.8976 -3.838 + 2.634 (log x) 3.794 6.2

Radius sin
min. circumference

210 2.3222 -0.754 + 2.001 (log x) 4.646 6.2

Ulna dext, 
length

890 2.949 -4.135 + 2.647 (log x) 3.672 4.7

Ulna dext, 
min. circumference

250 2.3979 -1.349 + 2.022 (log x) 3.499 3.2

Femur sin, 
physiol. length

1230 3.0899 −5.568 + 3.036 (log x) 3.812 6.5

Femur dext, 
depth diaph.

100 2 -0.912 + 2.315 (log x) 3.718 5.2

Tibia sin, 
physiol. length

740 2.8692 −3.064 + 2.378 (log x) 3.759 5.7

Tibia sin, 
max. length

850 2.9294 −3.064 + 2.378 (log x) 3.902 7.9

Tibia dext, 
min. circumference

390 2.5910 -2.724 + 2.647 (log x) 4.135 13.6

Mean 6.8

B Shoulder height in cm formula from Larramendi 2016 Body mass in tons

290 cm 6.565

300 cm BM = 3.11 × 10-3× SH2.569 7.185

320 cm 8.481
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Following Christiansen (2004), calculating the
single bone measurements results in a mean body
mass of about 6.8t (ranging between 3.2t-13.6t) for
the Kaltensundheim specimen (Table 9). Assuming
a shoulder height of about 320 cm allows to calcu-
late a body mass of 7.8t using the formula
(BM=4.16 x, 10-3 x SH2.903) given by Larramendi
(2016, tabl. 7) for fully grown average sized individ-
uals. In addition, Larramendi (pers. comm.) pointed
out that the proportions in hind limbs differ some-
what in the Kaltensundheim specimen from those
in Milia indicating somewhat higher mass for the
Kaltensundheim individual. Accordingly, he modi-
fied the kindly provided silhouette (Figure 17).
Another method of body mass estimations for pro-
boscideans was provided recently by Jukar et al.
(2018) using the breadth of the occipital condyles.
However, because the cranium of the Kaltensund-
heim specimen is not available, we cannot apply
this method.
Individual age and cause of death. The
Kaltensundheim individual was fully grown. The
epiphyseal sutures of all preserved long bones and
metapodials are well ossified. The dentition pro-
vides further indications: The m1 is shed, the m2 is
deeply worn, but still in place, both m3s are fully
erupted, but show little wear on the anterior-most
lophids. 

The individual from Kaltensundheim
described here corresponds to class XVIII (out of
the serie of I-XXIII) in Tassy’s classification (Tassy,
1996b, 2013) established for Gomphotherium
angustidens. Laws (1966) established an age rank-
ing for Loxodonta africana using the eruption and
abrasion of the molars. These age groups are
widely used for characterizing the individual ages
of fossil elephantids. Although Mammutidae chew
differently from Elephantidae, Laws’s age classes
are also applied to Mammut americanum (Saun-
ders, 1977; Fisher et al., 2014). The resulting Afri-
can Elephant Years (AEY) do not refer to
astronomical years when applied to other taxa, but
they form a valuable basis for comparisons. The
Kaltensundheim specimen can be attributed to
Laws’s age class XIX, which corresponds to 30
AEY. Its wear stage represents an early stage 3 of
individual dental age stages (IDAS), established by
Anders et al. (2011). The IDAS were defined for
dentitions with a normal tooth exchange, but may
be used even for taxa with a horizontal tooth
replacement. 

A survey of mammutid dentions brought only
a few examples of deeply worn last molars, thus
most animals died before their dentition was worn
out.

Thus, the Kaltensundheim specimen was a
fully-grown, midlife individual, but far from senile.

TABLE 10. Selected measurements and calculated shoulder height (cm) of the long bones of “Mammut” borsoni from
Kaltensundheim, in comparison to different individuals from Milia (GR). (Data from Milia: Tsoukala and Mol, 2016; Lar-
ramendi, 2016). 

Kaltensundheim Milia (GR)
max 

length
physiol.
length min. circumf.

Indiv 1
max length

Indiv. 2a
max. length

Indiv 2b
max length

Indiv. 5
max. length

Scapula

Humerus dext 107 97 52,5

Humerus sin ~101 100 125 108 122.5

Radius dext ~77

Radius sin 79 73 21 97

Ulna dext 89 74 25

Ulna sin 92 76

MC III

Femur dext 125 119 46,5

Femur sin 127 123 47 150

Tibia dext 80 39 87

Tibia sin 85 74 39

Skeletal shoulder 
height 

301 390 390 410

Living shoulder 
height

318
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The preservation of entire skeletons in the sinkhole
indicates potential reasons for their death. Proba-
bly, individuals entered the water hole and were not
able to escape from the trap. The situation is simi-
lar to the Mammoth Site in Hot Springs (South
Dakota, US) (Agenbroad and Mead, 1994), where
warm water attracted the animals. In Kaltensund-
heim, the water in the sinkhole may have been
attractive for the animals, because of dissolved
salts from the underlying Triassic.
Sex. In proboscideans, adult male and female indi-
viduals differ in various characters, such as the pel-
vis, the skull, the tusk size, and the general body
size (e.g., Lister and Agenbroad, 1994; Lister,
1996; Tassy, 1996b, 2013; Göhlich, 2000). In the
Kaltensundheim specimen, pelvis and upper tusks
are not preserved. “Mammut” borsoni is repre-
sented in Milia by several individuals of a similar
individual age (Tsoukala et al., 2010; Tsoukala and
Mol, 2016). The specimen Milia I, II, and V, are
regarded as males (Larramendi, 2016: 571). The
male character of MIL 5 is accentuated by enor-
mous upper tusks that reach 5 m in length (Tsou-
kala and Mol, 2016). In comparison to the Milia
individuals the Kaltensundheim specimen was
smaller. Its humerus is about, 10-20% shorter than
those from Milia, and the lower m3 from
Kaltensundheim is distinctly smaller than those
from Milia (Figure 17, Tables 3 and 10). Therefore,
it is tempting to interpret the Kaltensundheim indi-
vidual as a female. On the other hand, it is
assumed that female individuals have smaller or
no mandibular tusks (Březina, 2014). We are not
certain, whether the linked differentiation forms a
bimodal sexual dimorphism (male/female), or if
there is only a trend that symphysis and the man-
dibular tusks are more reduced in females. We
observed the phenomenon of a synchronous
occurrence of mammutids with and without man-
dibular tusks is in Europe (e.g., Mikulov-Czujan’s
sandpit, CZ; Wolkersdorf, AT; d’Autrey, F) and
North America (Oregon, USA) (Koenigswald et al.,
in press). The tuskless mandibles might represent
the maximal degree of reduction, which occurs in
some female individuals only, whereas others have
just smaller mandibular tusks compared to male
individuals. In any case, a sexual differentiation
has to be considered when discussing Miocene
Mammutidae. Therefore, some of the described
taxa based on tuskless mandibles, e.g., Pliomast-
odon furlongi Shotwell and Russel, 1963 from Ore-
gon or Sinomammut tobieni Mothé, et al., 2016
from China have to be reconsidered.

CONCLUSION

The partial skeleton from Kaltensundheim
represents a fully-grown individual of the species
“Mammut” borsoni. It is smaller than the bulls from
Milia and most probably belongs to a female. The
animal was trapped in a sinkhole, which yielded a
second mammutid, and other floral and faunal
remains indicating a pond. The late Pliocene to
early Pleistocene age (MN 16-17) is estimated
from the floral and faunal biostratigraphical con-
tent. The detailed description provides new ana-
tomical details of the postcranial skeleton of
“Mammut” borsoni, especially in the hand. Postcra-
nial elements of the Kaltensundheim specimen and
the compared mammutid species reveal surpris-
ingly more similarities between “M”. borsoni and M.
americanum than to Z. turicensis. The similar den-
tal and postcranial features in “M”. borsoni and M.
americanum have to be regarded as parallel evolu-
tion of New and Old World Mammutids. Such par-
allel evolutionary trends are observed frequently in
proboscidean phylogeny (Shoshani and Tassy,
1996). A comprehensive cladistic phylogenetic
analysis for mammutids would be highly desire-
able, however, it is limited by the rarity and incom-
pleteness of the available material.
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