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The beaver Steneofiber depereti from the lower Upper
Miocene hominid locality Hammerschmiede and remarks

on its ecology
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Lechner, T. and Béhme, M. 2022. The beaver Steneofiber depereti from the lower Upper Miocene hominid locality
Hammerschmiede and remarks on its ecology. Acta Palaeontologica Polonica 67 (X): XXX—XXX.

Dental remains of a medium sized beaver from the early Late Miocene Hammerschmiede locality (MN 7/8) in the
Northern Alpine Foreland Basin (Southern Germany, Bavaria) are described and assigned to Steneofiber depereti. The
numerous material (160 teeth) was collected in the two fossiliferous layers HAM 5 and HAM 4 and comprises beaver
individuals of a large range of age classes, from juvenile to old. The dental remains metrically and morphologically
overlap the stratigraphic older Steneofiber spp. and the younger Chalicomys spp. This supports the hypothesis of the
European anagenetic evolutionary lineage Steneofiber depereti—-Chalicomys jaegeri. The morphological characters to
differentiate Steneofiber depereti and Chalicomys jaegeri are discussed and redefined. The performed age-frequency
distribution (Mortality profile) indicates a natural ecological mortality and confirms that at least the fluvial channel of the
HAM 4 deposits was the actual optimal beaver habitat and continuously populated by larger family groups of beavers.
Furthermore, there are indications that the Hammerschmiede beaver had a similar parental investment as today’s beavers,
where young adults migrate to poorer habitats in the second year, in search of their own territory. The shallower channel
of HAM 5 possibly represents such a “second choice” habitat.
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Introduction

The early Late Miocene Hammerschmiede locality (Allgiu
region, Bavaria) is long known for its rich vertebrate fauna
(Fahlbusch and Mayr 1975; Mayr and Fahlbusch 1975). Since
the early 2000s, excavations by the University of Tiibingen
yielded approximately 20 000 new specimens. Currently,
the vertebrate fauna of the Hammerschmiede locality com-
prises more than 130 vertebrate taxa (Kirscher et al. 2016;
Bohme et al. 2019). Since the description of the arboreal bi-
ped hominid Danuvius guggenmosi Bohme, Spassov, Fuss,
Troscher, Deane, Prieto, Kirscher, Lechner, and Begun,
2019, the Hammerschmiede locality became internationally
renowned (Bohme et al. 2020; Williams et al. 2020). Apart
from this exceptional finding, other groups of the vertebrate
fauna of the Hammerschmiede have been published, includ-
ing the antelope Miotragocerus monacensis Stromer von
Reichenbach, 1928 (Fuss et al. 2015; Hartung et al. 2020),
the mouse deer Dorcatherium naui Kaup, 1833 (Hartung
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and Bohme 2022), birds including a large crane, the darter
Anhinga pannonica Lambrecht, 1916, and anseriforms rep-
resented by the small cf. Mioguerquedula sp. and the new
anatid Allgoviachen tortonica Mayr, Lechner, and Béhme,
2022 (Mayr et al. 2020a, b, 2022), carnivores (Kargopoulos
et al. 2021a—c, 2022) and small mammals including soric-
ids, erinaceids, eomyids and cricetids (Prieto and Rummel
2009; Prieto et al. 2011; Prieto 2012; Prieto and Dam 2012).
Turtles, artiodactyles, carnivores, fishes, and rodents are the
most common vertebrates in the Hammerschmiede fauna,
indicating a diverse ecosystem consisting of arboreal, ter-
restrial, semiaquatic and aquatic habitats. One of the most
common groups of semiaquatic vertebrates are the beavers
(Castoridae) that are represented by numerous specimens.
Today, beavers are solely represented by the genus Castor,
but during the European Miocene a much higher diversity of
up to seven genera are known, Anchitheriomys Roger, 1898,
Chalicomys Kaup, 1832, Dipoides Jaeger, 1835, Eucastor?
(Schreuderia) Aldana Carrasco, 1992, Euroxenomys Samson
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and Radulesco, 1973, Steneofiber Geoffroy-Saint-Hilare,
1833 and Trogontherium Fischer von Waldheim, 1809
(Hugueney 1999; Stefen 2009). All these beavers are usually
interpreted to inhabit similar ecological niches. Therefore,
it is not surprising that in most localities that contain fossil
beavers, only a single beaver species is known (Rekovets
et al. 2020). But there are several localities with two bea-
ver taxa (Hugueney 1999; Rekovets et al. 2020) including:
Hambach (MN 5; Stefen and Mors 2008; Mors and Stefen
2010) with the equal-sized Steneofiber depereti Mayet, 1908,
and Anchitheriomys suevicus Schlosser, 1884, as well as
other localities with beaver taxa that have a notable size
difference including: Dorn-Diirkheim 1 (MN 11; Franzen
and Storch 1975; Rekovets et al. 2009, 2020; Casanovas-
Vilar and Alba 2011) and Grytsiv (MN 9; Rekovets et al.
2020) with Chalicomys jaegeri (= C. plassi) Kaup, 1832, and
Euroxenomys minutus (Von Meyer, 1838), and Sansan (MN
6; Hugueney and Duranthon 2012) with Steneofiber aff. eseri
(Von Meyer, 1846) and Euroxenomys minutus. Only few
localities comprise more than two beaver taxa, including
Staniantsi (MN 13; Lechner and Béhme 2020) with Castor
sp. Linnaeus, 1758, Dipoides problematicus Schlosser, 1902
and Euroxenomys minutus. At the locality Hammerschmiede
two different beavers, the medium sized Steneofiber depereti
and the small Euroxenomys minutus are found, though previ-
ous publications assigned the incisor fragment of a medium
sized beaver from Hammerschmiede to Chalicomys jaegeri
(Mayr and Fahlbusch 1975; Hugueney 1999; Kirscher et al.
2016: table 1; Bohme et al. 2019: supplementary table S1).

In this study we report new dental material of the larger
castorid from Hammerschmiede (consisting of 142 speci-
mens including 160 teeth). Based on diagnostic features we
assign this material to Steneofiber depereti. The exception-
ally high number of specimens with different age stages,
provides insights into the intraspecific and ontogenetic
variability of the Steneofiber population. The presence of
beavers in Hammerschmiede is indicative for a freshwater
dominated river ecosystem. This interpretation is also sup-
ported by the sediments of the Hammerschmiede clay pit
(Fuss et al. 2015; Kirscher et al. 2016).

Institutional abbreviations.—GPIT, University of Tiibingen,
Germany; SNSB-BSPG, Bavarian State Collection of Palae-
ontology and Geology, Munich, Germany.

Other abbreviations.—D/d, upper/lower deciduous teeth;
HAM, Hammerschmiede layers (HAM 5 and HAM 4);
1/i, upper/lower incisor; M/m, upper/lower molar; M1/2 or
ml/2, upper or lower first or second molar, more precise
differentiation of the tooth position not possible; P/p, upper/
lower premolar; WS 1-6, dental wear stages.

Geological setting

The locality Hammerschmiede is situated close to the
small town Pforzen, only a few kilometres northwest of
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Kaufbeuren (Bavaria, Southern Germany) in the Northern
Alpine Foreland Basin. The active clay pit (clay, silty-clay
and fine-sand) comprises a 26-metre-thick sediment section
mainly represented by floodplain and channel deposits from
the early Late Miocene age (Tortonian, MN 7/8). Within this
section there are two main fossiliferous layers, HAM 5 and
HAM 4 with an approximate depositional age of 11.62 and
11.44 Ma, respectively (Kirscher et al. 2016). The younger
HAM 4 horizon can be interpreted as a river channel of
about 50 m width and 4-5 m depth (Mayr et al. 2020a)
whereas the slightly older HAM 5 most likely represents
a small rivulet of only four to five metres width (Mayr et
al. 2020a). According to the classic stream order (Hack’s
stream order following Hack 1957) it is assumed, that HAM
4 represents a deeper 2™ order stream and HAM 5 a shal-
lower 3" order stream.

Material and methods

The material used in this study was excavated at the Ham-
merschmiede locality. In total 160 teeth (142 specimens) were
examined, of which 42 (39 specimens) are from the HAM 5
layer and 118 (103 specimens) from the HAM 4 layer.

The entire material is stored in the palacontological col-
lection of the University of Tiibingen, Germany (GPIT), and
is labelled either with GPIT (for excavation years 2011 to
2019 inclusive) or SNSB-BSPG (Bavarian State Collection
of Palaeontology and Geology in Munich, Germany; for
excavation years 2020 to 2021). SNSB-BSPG 2020 XCIV
identifies specimens from HAM 4 and SNSB-BSPG 2020
XCV from HAM 5.

The morphological nomenclature of dental material fol-
lows Stirton (1935) and Hugueney (1999) (Fig. 1). The no-
menclature of skull and mandibular features follows Freye
(1959). Dental measurements were taken with a digital cal-
liper (rounded to the first decimal point) at the occlusal
surface and at the position of maximum extent (basal tooth)
when possible. Evaluation of dental wear stages (WS) is
modified according to Stefen (1997, 2001, 2018), Stefen and
Mors (2008), and Heinrich and Maul (2020): WS 1, un-
worn: no wear can be observed, deciduous dentition in use;
WS 2, slightly worn: first occlusal contact; WS 3, worn:
para-/metaflexus/-id is closing or just closed; WS 4, medium
worn: mesoflexus/-id is closing or just closed; WS 5, deeply
worn: hypoflexus/-id is near to closing; WS 6, heavily worn:
hypoflexus/-id is closed.

Systematic palacontology

Class Mammalia Linnaeus, 1758
Order Rodentia Bowdich, 1821
Family Castoridae Hemprich, 1820
Subfamily Castorinae Hemprich, 1820
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Fig. 1. General tooth scheme and morphological nomenclature used for the
descriptions and comparisons of right lower (A) and upper (B) cheek teeth
(premolars and molars) of the beaver Steneofiber depereti Mayet, 1908, from
the early Late Miocene locality of Hammerschmiede (Bavaria, Germany).
Ay, By, occlusal view of an early wear stage; A,, B,,occlusal view of a later
wear stage; Az, B3, buccal view; A4, By, lingual view. Enamel in white, den-
tine in dark grey, roots in light grey, cement not shown. Line drawings are
not based on specific specimens and are not to scale. Nomenclature follows
Stirton (1935) and Hugueney (1999).

Genus Steneofiber Geoffroy-Saint-Hilaire, 1833

Type species: Steneofiber eseri (Chalicomys eseri Meyer, 1846 = Ste-
neofiber castorinus Pomel, 1847). Following Hugueney 1999, the
genus Steneofiber “published before 1931 ...(as) uninominal genus
group named without associated nominal species is accepted as con-
sistent with the Principles of Binomial Nomenclature in the absence
of evidence to the contrary” (ICZN, art 11 c, i). Saint-Gérant-le-Puy
(France), Early Miocene (MN 2).

Steneofiber depereti Mayet, 1908
Figs. 2—6.
For synonymy see Hugueney (1999).

Material—Hammerschmiede locality, Germany, lower
Upper Miocene, MN 7/8, base of Tortonian, for measure-
ments see Tables 1 and 2). HAM 5, upper dentition: left 12:
GPIT/MA/10749; right 12: GPIT/MA/10753; left DP4: GPIT/
MA/10744, 10781; left P4: GPIT/MA/10746; left M1/2: GPIT/
MA/10731, 13820; right M1/2: GPIT/MA/12604, 13825; left
M3: GPIT/MA/10748, 12152. HAM 5, lower dentition: left
12: GPIT/MA/10743; right i2: GPIT/MA/10729; left dp4:

GPIT/MA/10782; right dp4: GPIT/MA/10785, 13826; left
p4: GPIT/MA/09896, 10727, 13980, SNSB-BSPG 2020
XCV-0303; right p4: GPIT/MA/10745; left m1/2: GPIT/
MA/09897, 09902, 09906, 10728, 10784, 12342, 13822,
13824; right m1/2: GPIT/MA/09903, 12032, 12260, 13821;
right m3: GPIT/MA/09907, 10751, 13823; right mandible
with angular process, part of the coronoid process, i2 and
ml: GPIT/MA/13813; right mandible with angular process,
p4, ml and m3: GPIT/MA/09909; right mandible (frag.)
with 12: GPIT/MA/10742. HAM 4, upper dentition: right
12: GPIT/MA/17456, 17807, SNSB-BSPG 2020 XCIV-
0661; left DP4: GPIT/MA/12416, 12489; right DP4: GPIT/
MA/17763, SNSB-BSPG 2020 XCIV-0879, 1731; left P4:
GPIT/MA/17205, 10989, SNSB-BSPG 2020 XCIV-1725,
3891, 5375; right P4: GPIT/MA/17422, 17772, 16935, 17081,
SNSB-BSPG 2020 XCIV-1510; left M1/2: GPIT/MA/16755,
12490, 16134, SNSB-BSPG 2020 XCIV-1724, 5366, 5371,
right M1/2: GPIT/MA/17358, 16845, SNSB-BSPG 2020
XCIV-1391, 1726, 1727, 4059, 5367, 5368, 5369, 5370, 5372,
5374, 5376, 5377, 5378; left M3: GPIT/MA/12562, 16530,
SNSB-BSPG 2020 XCIV-0415, 1320, 1728, 1729; right M3:
GPIT/MA/10990, SNSB-BSPG 2020 XCIV-0446, 1730,
3388, 5373; maxillae and palatine (frag.) with left P4-M1
and right P4: GPIT/MA/17163; right P4-M2 (frag.): GPIT/
MA/17367; left maxilla (frag.) with P4: GPIT/MA/16979.

Table 1. Dimensions (in mm) of upper and lower teeth of the beaver
Steneofiber depereti Mayet, 1908, from the lower Upper Miocene lo-
cality of Hammerschmiede (Bavaria, Germany), with combined treat-
ment of material from the local stratigraphic levels HAM 5 and HAM
4. L, mesio-distal length at occlusal surface and at basal position (where
possible) for cheek teeth and length across anterior enamel band for
incisors; W, bucco-lingual width at occlusal surface and at basal posi-
tion (where possible) for cheek teeth; m, measurement; N, number of
measurements.

TO.O .th m | N | Min | Max | Mean Stapdgrd Variance
position deviation

. L |11 ] 414 | 792 6.43 1.28 1.64
! W | 11 | 4.15 7.47 6.01 1.28 1.64
I L 4 5.77 | 7.06 6.54 0.56 0.32
W | 5 5.85 7.42 6.56 0.61 0.37
dp4 L 8 6.56 8.26 7.26 0.61 0.38
W 8 4.52 | 5.66 5.13 0.39 0.15
p4 L | 29 | 647 | 12.34 | 10.07 1.31 1.71
W | 29 | 598 8.23 7.34 0.53 0.28
ml/2 L |71 ] 574 | 8.02 6.56 0.48 0.23
W | 71 | 455 8.37 6.89 0.89 0.80
m L | 26| 578 | 7.77 6.60 0.49 0.24
W | 26 | 517 | 7.05 6.31 0.39 0.15
DP4 L | 10 | 500 | 6.80 5.94 0.63 0.40
W | 13 | 419 | 9.82 6.71 1.62 2.63
P4 L |34 | 759 | 9.56 8.21 0.53 0.28
W | 34 | 739 | 9.84 8.72 0.59 0.35
M1/2 L | 52| 498 | 740 5.89 0.46 0.21
W | 52 | 406 | 7.97 6.65 0.91 0.83
M3 L |24 | 516 | 641 5.82 0.33 0.11
W | 24| 397 | 7.00 593 0.78 0.61
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Fig. 2. Maxillae and fragmentary palatine of the beaver Steneofiber depereti Mayet, 1908 (GPIT/MA/17163), from the early Late Miocene locality
Hammerschmiede (Bavaria, Germany), local stratigraphic level HAM 4. Maxillae and fragmentary palatine with left PA-M1 and right P4 in occlusal (A)),

dorsal (A,), mesial (Aj), and left buccal (A4) views.

HAM 4, lower dentition: left i2: GPIT/MA/16985, SNSB-
BSPG 2020 XCIV-1100; right i2: GPIT/MA/16512, 16928,
16436; left dp4: SNSB-BSPG 2020 XCIV-5365; left p4:
GPIT/MA/17296, 17352, SNSB-BSPG 2020 XCIV-0179,
0487, 1246, 3726, right p4: GPIT/MA/18113, SNSB-BSPG
2020 XCIV-2276, 5362; left m1/2: GPIT/MA/16908, SNSB-
BSPG 2020 XCIV-3572, 3745, 5359, 5363, 5364; right m1/2:
GPIT/MA/10987, 16672, 16915, SNSB-BSPG 2020 XCIV-
1185, 1468, 1723, 3903, 5357, 5358, 5360; left m3: GPIT/
MA/17388, SNSB-BSPG 2020 XCIV-0416, 1114, 1719,
5361; right m3: GPIT/MA/17666, SNSB-BSPG 2020 XCIV-
1720, 1721, 1722; left mandible with i2, dp4, m1, m2 (juve-
nile): GPIT/MA/17569; left mandible with dp4, m1, m2, m3
(juvenile): GPIT/MA/16950; left mandible with i2 (frag.),
p4 (frag.), ml, m2: GPIT/MA/17068; left mandible with
p4, ml, m2: SNSB-BSPG 2020 XCIV-1494; right mandible
with p4 (frag.), ml, m2: GPIT/MA/16839; right mandible

(frag.) with m2, m3: GPIT/MA/17280; left mandible (frag)
with ml: GPIT/MA/18106; right mandible (frag.) with m2:
SNSB-BSPG 2020 XCIV-2134; left angular process: GPIT/
MA/16586; right angular process: GPIT/MA/17215.

Description—In general, all cheek teeth are subhypsodont
to hypsodont, developing complete and closed roots with
age. Hypostriid and hypostria are always the longest striid/
stria, but they never extend to the crown base although they
can get quite close to it in the lower premolars. Mesostriid/-ia
are usually longer than para- and metastriid/-stria, with the
latter always terminating within the first quarter of tooth
crown. The premolar is the largest tooth of the cheek teeth.
Flexus/-ids, fossettes/-ids and striae/striids are gradually
filled with cement with increasing wear stages and age.
Upper dentition: GPIT/MA/17163 is the most complete
specimen with parts of the maxillae and palatine including
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Fig. 3. Occlusal pattern of upper cheek teeth of the beaver Steneofiber de-
pereti Mayet, 1908, from the early Late Miocene locality Hammerschmiede
(Bavaria, Germany), local stratigraphic levels HAM 5 and HAM 4.
Deciduous premolars (A-E), premolars (F—J, M—P), maxillary tooth rows
(K, L), molars(Q-AQ). Left DP4: (A) GPIT/MA/12416, HAM 4; (D) GPIT/
MA/10744, HAM 5; (E) GPIT/MA/10781, HAM 5. Right DP4: (B) SNSB-
BSPG XCIV-0879, HAM 4; (C) GPIT/MA/17763, HAM 4. Left P4: (F)
SNSB-BSPG XCIV-3891, HAM 4; (I) SNSB-BSPG XCIV-5375, HAM
4; (J) GPIT/MA/10989, HAM 4; (P) GPIT/MA/10746, HAM 5. Right P4:
(G) GPIT/MA/17422, HAM 4; (H) GPIT/MA/17772, HAM 4; (M) GPIT/
MA/17163, HAM 4; (N) GPIT/MA/16935, HAM 4; (O) GPIT/MA/17081,
HAM 4. Right P4-M2: (K) GPIT/MA/17367, HAM 4. Left PA-M1: (L)
GPIT/MA/17163, HAM 4. Left M1/2: (Q) SNSB-BSPG XCIV-5366, HAM
4; (R) GPIT/MA/13820, HAM 5; (T) SNSB-BSPG XCIV-5371, HAM 4;
(S) SNSB-BSPG XCIV-5372, HAM 4; (V) GPIT/MA/16134, HAM 4; (X)
SNSB-BSPG XCIV-1724, HAM 4; (AA) GPIT/MA/12490, HAM 4; (AB)
GPIT/MA/16755, HAM 4. Right M1/2: (U) SNSB-BSPG XCIV-1391, HAM
4; (W) GPIT/MA/16845, HAM 4; (Y) SNSB-BSPG XCIV-5370, HAM 4;
(Z) SNSB-BSPG XCIV-5368, HAM 4; (AC) GPIT/MA/17358, HAM 4;
(AD) SNSB-BSPG XCIV-1726, HAM 4. Right M3: (AE) SNSB-BSPG
XCIV-3388, HAM 4; (AI) GPIT/MA/10990, HAM 4; (AJ) SNSB-BSPG
XCIV-5373, HAM 4; (AL) SNSB-BSPG XCIV-0446, HAM 4. Left M3:
(AF) SNSB-BSPG XCIV-1320, HAM 4; (AG) SNSB-BSPG XCIV-0415,
HAM 4; (AH) GPIT/MA/12562, HAM 4; (AK) GPIT/MA/10748, HAM 5;
(AM) GPIT/MA/16530, HAM 4; (AN) SNSB-BSPG XCIV-1728, HAM 4;
(AO) SNSB-BSPG XCIV-1729, HAM 4. Enamel in white, dentine in black,
cement as dotted area, completions or hypothetic area of first wear in grey.

both P4, the left M1 and the alveoli of all other molars.
Another maxilla fragment (GPIT/MA/16979) consists of
a left P4 (Fig. 2). GPIT/MA/17367 comprises a right P4,
M1 and M2; however, the remains of the maxilla were too
weathered to be rescued. The rest of the material of the up-
per dentition is represented by isolated teeth; in total, five 12
fragments, seven DP4, 15 P4 (three in situ), 28 M1/2 (three
in situ) and 13 M3.

12: Five upper incisor fragments were excavated, all with
their tips preserved. Their wear facets are all terraced and
divided into two different parts. The labial tooth surface
shows a smooth enamel band. A sharp and steep anterior
tip consisting of mostly the labial enamel band and the an-
gled lingual part of the dentine shows small and irregularly
stepped wear marks parallel to the enamel band. The cross
section of the upper incisor depicts an equilateral triangle
with slightly convex sides (Reuleaux triangle). The lingual
tip of this triangle is directed mesially.

DP4: All seven DP4 are worn and their para- and meta-
fossettes are clearly visible (Figs. 3A—E, 4A, B), but only
in four specimens an open mesoflexus is exposed (Figs.
3A-D, 4A, B). GPIT/MA/10781 is the most worn DP4 and
its mesoflexus is closing (Fig. 3E). In all DP4 the hypo-
flexus/-stria are still open and do not reach the base of
the crown (Figs. 3A-E, 4A, B,). Two DP4 show an addi-
tional small fossette, one laterally to the parafossette (GPIT/
MA/10744; Figs. 3D, 4A) and one between parafossette and
mesoflexus (GPIT/MA/12416; Fig. 3A). Synclines of DP4
are never filled with cement. Only two DP4 have their entire
base preserved (GPIT/MA/10744 and 17763) that consists
of three roots with two small uniform buccal roots and one
large dominant lingual root (Fig. 4B, B,).

P4: In general, the occlusal surface of the P4 is nearly
as wide as long (Figs. 3F-P, 4C—F). Mesiolingually the P4
is rounded, whereas the posterior and buccal margins are
straight, forming an angular edge. The hypostria always
closes well above the tooth base (Fig. 4D,, E,, F). Striae,
flexus and fossettes of all P4 are at least slightly filled with ce-
ment in the least worn specimens (SNSB-BSPG 2020 XCIV-
1510 and 3891; Figs. 3F, 4C) and cement filling increases with
wear and age. The P4 is double-rooted with one minor root
located at the distobuccal edge (Fig. 4D5). The dominant root
forms a wide arch that follows the mesiolingual tooth margin.
The least worn P4 (SNSB-BSPG 2020 XCIV-1510) is the only
unrooted P4 consisting of the tooth crown solely.

Only in the least worn SNSB-BSPG 2020 XCIV-3891 a
metaflexid and a tiny enamel stylid at the buccal margin are
expressed, but near to closure (Figs. 3G, 4C). All other avail-
able P4 are worn and the metafossette is exposed (Fig. 3G—P).
Their para- and mesostria are very short or in higher wear
stages they are already closed as fossettes (Figs. 3H-P, 4D—F).

On the buccal side, the least worn teeth (GPIT/MA/17422
and SNSB-BSPG 2020 XCIV-1510) show a longer parastria
and shorter mesostria (Fig. 3G). In contrast, similarly worn
GPIT/MA/10989, 17367, and 17772 show an already closed
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parastria (parafossette) and an open and therefore longer
mesostria (Figs. 3H, I, 4D;).

In occlusal view, the length of the hypoflexus is slightly
shorter than the paraflexus, but both are curved mesially and
almost meet lingually to the centre of the tooth (Figs. 3F—P,
4C, Dy, Ey, Fy).

The hypoflexus and paraflexus/fossette are highly vari-
able. In five specimens they meet facing in a straight line
(GPIT/MA/17772, 17422, 17163, SNSB-BSPG 2020 XCIV-
3891 and 5375) (Figs. 3F-1, 4C). In contrast, five other spec-
imens show a different pattern. In three of those teeth the
curved ending of the paraflexus/fossette is oriented mesi-
ally to the hypoflexus (GPIT/MA/16935, 17081, and 10989),
whereas in the two other teeth they are situated distally to
the hypoflexus (GPIT/MA/10746 and SNSB-BSPG 2020
XCIV-1725). In general, the mesoflexus/fossette of the P4
is curved and elongated far to the posterior occlusal tooth
margin. The metafossette is encompassed by the mesof-
lexus/fossette and relatively short. In the deeply worn GPIT/
MA/10746 para- and mesofossette are more irregular and
wavier in shape (Fig. 3P).

Only in one specimen with both P4s (GPIT/MA/17163)
in situ, two additional fossettes are exposed. The smaller
fossette is situated in between the hypoflexus and the me-
sofossette and the larger one is located in the distolingual
corner and perpendicular to the lingual ends of the para-,
meso-, and metafossette as well as the hypoflexus (Figs.
2A4, 3L, M).

M1/2: The occlusal outline of upper M1/2 is longer
(mesio-distally) than wide (bucco-lingually) in early wear
stages; with further wear this ratio changes to wider than
long (compare Figs. 3Q—AD, 4G-M, N)).

The hypostria ends well above the crown base and is the
longest stria (Fig. 4K3, N3). Buccal striae are only present in
early wear stages and thus very short, terminating within the
first third of the tooth crown (Fig. 4K,, N,). The parastria
and metastria are very short and nearly non-existent in one
very slightly worn M1/2 (GPIT/MA/13820; Figs. 3R, 4H).
The similarly slightly worn M1/2SNSB-BSPG 2020 XCIV-
5366 exhibits no parastria (and thus a primary parafossette)
but a well-expressed (4 mm long) metastria (Figs. 3Q, 4G).
The mesostria is the longest buccal stria, only present in

M1/20f earlier wear stages (GPIT/MA/13820, 16134, 16845,
SNSB-BSPG 2020 XCIV-1391, 1724, 5366, 5367, 5368, 5370,
5371, 5372 and 5377, Figs. 3Q—AA, 4G—M). In four of these
(GPIT/MA/16134, 16845, SNSB-BSPG 2020 XCIV-1724 and
5366) an additional, but very short metastria is also exposed
(Figs. 3Q, V=X, 4G, K).

Form and orientation of flexus and fossettes on the oc-
clusal surface are quite similar to P4 but the parafossette
is much smaller or missing in heavily worn M1/2(GPIT/
MA/10731, 17163) while the hypoflexus is elongated. In
two cases of M1/2, meso- and metaflexus/fossette are in-
terconnected at mid length (GPIT/MA/13820 and SNSB-
BSPG 2020 XCIV-1391; Figs. 3R, U, 4H, I); in one separate
case they are fused at the terminal end of the metaflexus
(GPIT/MA/16134; Fig. 3V). In the least worn M1/2 (GPIT/
MA/13820 and SNSB-BSPG 2020 XCIV 5366), the para-
and metafossette are of irregular outline (Figs. 3Q, R, 4G,
H). Three slightly worn M1/2 show an additional tiny enamel
column/stylid at the base of the mesostria (GPIT/MA/13820,
SNSB-BSPG 2020 XCIV-5377 and 5368; Figs. 3R, Z, 4H,
M). All M1/2 have three roots: one dominant lingual root
and two small buccal roots (Fig. 4K,, Nj).

M3: The M3 is the shortest tooth of the toothrow
(Fig. 4Q,, P,). The occlusal outline of the M3 is square but
slightly elongated distally. The hypostria ends well above
the crown base and is the longest stria like in the other upper
molars. Only in two specimens, representing unworn, un-
rooted and thus not fully developed M3, the hypostria ends
very slightly above the crown base (SNSB-BSPG XCIV-
1320 and 3388; Fig. 40,, P,). Buccal striae are short and ter-
minate within the first third of the height of the tooth crown.
The mesostria is the longest buccal stria, usually followed
by the parastria.

The metastria is very short and only present in four
lesser worn M3 where it is located at the distobuccal corner
in three specimens (GPIT/MA/10990, 12562 and SNSB-
BSPG 2020 XCIV-0446; Figs. 3AH, Al, AL, 4R) and
slightly shifted to the posterior side in SNSB-BSPG 2020
XCIV-0415 (Figs. 3AG, 4Q).

The two unworn M3 show a para- and a mesoflexus/-stria
but no metastria (and thus a primary metafossette) (SNSB-
BSPG 2020 XCIV-1320; Figs. 3AF, 4P, P,) or a very short

<= Fig. 4. Upper (A-T) and lower (U-AM) cheek teeth of the beaver Steneofiber depereti Mayet, 1908, from the early Later Miocene locality Hammerschmiede
(Bavaria, Germany), local stratigraphic levels HAM 5 and HAM 4. Deciduous premolars: (A, B, U-V); premolars (C-F, W-AA); molars (G-N, O-T,
AB-AI AJ-AN). Occlusal (A, By, C, D,-F,, G-J, K, L, M, N;-P;, Q-U, V1-X1, Y, Z;, AA;, AB, AC|-AF |, AI-AH, AJ|, AK,AL, AM,, AN), lingual (B,,
D,-F,, K3, N3—P3, W3, X5, AC,, AD;, AE,, AF,, Al;, AM,), and buccal (Bs, D3, K;, Ny, O3, Py, Vo—X,, Z,, AA,, AC5, AD,, Al,, AM;) views. Left DP4: (A)
GPIT/MA/10744, HAM 5. Right DP4: (B) GPIT/MA/17763, HAM 4. Left P4: (C) SNSB-BSPG 2020 XCIV-3891, HAM 4; (D) GPIT/MA/10989, HAM
4; (F) GPIT/MA/10746, HAM 5. Right P4: (E) GPIT/MA/16935, HAM 4. Left M1/2: (G) SNSB-BSPG 2020 XCIV-5366, HAM 4; (H) GPIT/MA/13820,
HAM 5. Right M1/2: (I) SNSB-BSPG 2020 XCIV-1391, HAM 4; (J) SNSB-BSPG 2020 XCIV-5372, HAM 4; (K) GPIT/MA/16845, HAM 4; (L)) SNSB-
BSPG 2020 XCIV-5370, HAM 4; (M) SNSB-BSPG 2020 XCIV-5368, HAM 4; (N) SNSB-BSPG 2020 XCIV-1726, HAM 4. Right M3: (O) SNSB-BSPG
2020 XCIV-3388, HAM 4. Left M3: (P) SNSB-BSPG 2020 XCIV-1320, HAM 4; (Q) SNSB-BSPG 2020 XCIV-0415, HAM 4; (R) GPIT/MA/12562,
HAM 4; (S) GPIT/MA/16530, HAM 4; (T) SNSB-BSPG 2020 XCIV-1729, HAM 4. Right dp4: (U) GPIT/MA/13826, HAM 5; (V) GPIT/MA/10785,
HAM 5. Right p4: (W) GPIT/MA/10745, HAM 4; (X) SNSB-BSPG 2020 XCIV-5362, HAM 4. Left p4 (Y) SNSB-BSPG 2020 XCIV-0487, HAM 4; (Z)
SNSB-BSPG 2020 XCV-0303, HAM 5; (AA) GPIT/MA/09896, HAM 5. Right m1/2: (AB) GPIT/MA/16915, HAM 4; (AD) GPIT/MA/10987, HAM 4;
(AE) GPIT/MA/16672, HAM 4; (AF) GPIT/MA/09906, HAM 5; (AI) GPIT/MA/12260, HAM 5. Left m1/2: (AC) SNSB-BSPG 2020 XCIV-5364, HAM
4; (AG) GPIT/MA/12342, HAM 5; (AH) GPIT/MA/13824, HAM 5. Right m3: (AJ) SNSB-BSPG 2020 XCIV-1722, HAM 4; (AK) GPIT/MA/13823,
HAM 5; (AN) GPIT/MA/09907, HAM 5. Left m3: (AL) GPIT/MA/17388, HAM 4; (AM) SNSB-BSPG 2020 XCIV-1719, HAM 4.
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Fig. 5. Occlusal pattern of lower cheek teeth of the beaver Steneofiber depe-
reti Mayet, 1908, from the early Late Miocene locality Hammerschmiede
(Bavaria, Germany), local stratigraphic levels HAM 5 and HAM 4. Mandi-
bular tooth rows (A—E), deciduous premolars (F—I), premolars (J-P), molars
(Q-AF). Left dp4—m2: (A) GPIT/MA/17569, HAM 4; (B) GPIT/MA/16950,
HAM 4. Right p4-ml and m3, lacking m2: (C) GPIT/MA/09909, HAM
5. Left p4—m2: (D) GPIT/MA/17068, HAM 4. Right p4-m2: (E) GPIT/
MA/16839, HAM 4. Left dp4: (F) GPIT/MA/10782, HAM 5; (I) SNSB-
BSPG 2020 XCIV-5365, HAM 4. Right dp4: (G) GPIT/MA/13826, HAM
5; (H) GPIT/MA/10785, HAM 5. Right p4: (J) GPIT/MA/10745, HAM 5;
(L) SNSB-BSPG 2020 XCIV-5362, HAM 4. Left p4: (K) GPIT/MA/10727,
HAM 5; (M) GPIT/MA/13980, HAM 5; (N) GPIT/MA/09896, HAM 5; (O)
SNSB-BSPG 2020 XCV-0303, HAM 5; (P) SNSB-BSPG 2020 XCIV-0487,
HAM 4. Right m1/2: (Q) GPIT/MA/16915, HAM 4; (R) GPIT/MA/16672,
HAM 4; (V) GPIT/MA/10987, HAM 4; (X) GPIT/MA/09903, HAM 5; (Y)
SNSB-BSPG 2020 XCIV-5360, HAM 4; (AB) GPIT/MA/12260, HAM 5.
Left m1/2: (S) GPIT/MA/09906, HAM 5; (T) GPIT/MA/10728, HAM 5;
(U) SNSB-BSPG 2020 XCIV-5364, HAM 4; (W) GPIT/MA/09902, HAM
5; (Z) GPIT/MA/12342, HAM 5; (AA) GPIT/MA/13824, HAM 5. Right
m3: (AC) SNSB-BSPG 2020 XCIV-1722, HAM 4; (AD) GPIT/MA/13823,
HAM 5; (AE) GPIT/MA/10751, HAM 5; (AH) GPIT/MA/09907, HAM
5. Left m3: (AF) SNSB-BSPG 2020 XCIV-1719, HAM 4; (AG) GPIT/
MA/17388, HAM 4. Enamel in white, dentine in black, cement as dotted
area, completions in grey.
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para-, a dominant meso- and a nearly as dominant meta-
flexus/-stria (SNSB-BSPG 2020 XCIV-3388; Figs. 3AE,
40y, O3). The former M3 shows a well-expressed paraflexus
forming a “U”, crossing the tooth buccolingually and then
turning back mesially to the buccal margin. The latter M3
exhibits additional enamel columns/stylids within the me-
sostria, the metastria and at the lingual hypostria (Fig. 40).

In more advanced wear stages, the paraflexus/fossette
is randomly separated into a large mesial and a small distal
fossette (GPIT/MA/10748, 10990, 12562 and SNSB-BSPG
2020 XCIV-0415; Figs. 3AG-AlI, AK, 4Q, R). The slightly
worn GPIT/MA/12562 shows an additional third paraflex-
us/-stria that is small but open buccally (Figs. 3AH, 4R).
The most heavily worn M3 show in two cases only one
hypo-, para-, meso-, and metafossette (GPIT/MA/16530 and
SNSB-BSPG 2020 XCIV-1728; Figs. 3AM, AN, 4S) and in
one case only hypo-, meso-, and a tiny metafossette (SNSB-
BSPG 2020 XCIV-1729; Figs. 3A0, 4T).

All M3 have three roots, like the M1/2, with one domi-
nant lingual root and two small buccal roots. Only the two
unworn M3 (SNSB-BSPG 2020 XCIV-1320 and 3388) are
still rootless and open at the base (Fig. 403, P,).

Lower dentition: The material consists of 12 i2 (seven
isolated tips, two fragments in situ, three complete teeth in
situ), six dp4 (two still in their mandible), 18 p4 (four pre-
served in their mandible), 44 m1/2 and 14 m3, of which 18
molars are still in situ in ten jaw fragments (nine m1, seven
m2 and two m3).

i2: Seven of the 12 lower incisor specimens include a
preserved tip. In contrast to the upper incisor, the wear facet
of the lower i2s is constantly angled and smooth. The wear
facet is longer than in the upper 12 and extends from the la-
bial enamel tip to the lingual edge. In cross section the lower
incisors show a lingually elongated triangle. The lingual tip
of the triangle is rounded and situated mesially. The mesial
surface is nearly flat and parallel with the symphysis of the
mandibles. The enamel face is convex in juvenile specimens
(GPIT/MA/16436, 16985, and 17569), but it is “semiflat-
tened” in older individuals, with a flattened mesial and a
convex distal half of the enamel face.

dp4: All six dp4 are worn and para- and metafossetids are
visible (Fig. 5A, B, F-H). Three of the dp4 are strongly worn
and a closed mesoflexid is visible (GPIT/MA/13826, 10785,
SNSB-BSPG 2020 XCIV-5365; Figs. 4U, Vi, 5G-1, ). In the
medium worn specimens, the mesoflexid is open and asso-
ciated with a short mesostriid (Fig. 5A, B, F). All dp4 show
a well-expressed hypoflexid with an associated hypostriid
that terminates shortly above the crown base but extends
as a groove until the tooth base (Fig. 4V,). The mesostriid
is clearly longer than the meta- and parastriid (if present),
but the hypostriid is always the longest. Synclines of the
dp4 are never filled with cement. In all dp4 with preserved
roots, two dominant main roots diverge mesially and dis-
tally, and a tiny third root protrudes buccally, mesially to the
hypostriid (GPIT/MA/10785, 16950, and 17569; Fig. 4V,).
GPIT/MA/17569 shows two additional small and circular
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fossettids: one mesiobuccal (preparafossettid) and another
distolingual (premesofossettid) (Fig. 5A).

p4: In premolars that are only slightly or medium worn,
the typical eight-shaped occlusal outline is visible (Figs. 4W,,
X1, SJ-L). With increasing wear, the anterior part of the
worn surface of the p4 extends in length mesially, whereas
its width remains unchanged. With the last wear phase, an
antero-lingual edge is forming that extends the mesiolingual
part of the p4 up to the level of its distal part (Figs. 4Y, AA,,
5C, D, N=P). The hypostriid always ends very close (approx-
imately 3 mm) to the base of the crown. Slightly below the
closure of the hypostriid, a well-expressed groove extends
to the base of the tooth (Fig 4W,, X5, Z,, AA,). The closure
of the hypostriid can easily be overlooked in teeth of higher
wear stages due to the increased accumulation of cementum
in the striids; therefore, the continuing groove can be misin-
terpreted as an open hypostriid that reaches the tooth base.

Only in slightly worn p4 (GPIT/MA/10727, 10745), para-
and metastriids of equal length are exposed and are closing
within the first quarter of the tooth length (Figs. 4W;, W3,
5J, K). In all specimens with more advanced wear stages
the para- and metaflexid/striid are closed and their para-
and metafossettid are visible. Generally, lower premolars
show a well-developed mesostriid/flexid extending at least
halfway down to the tooth base (Fig. 4W3;, X3). Only in the
most heavily worn p4 (GPIT/MA/09896, SNSB-BSPG 2020
XCV-0303, 0487) the mesostriid/flexid is just closed and the
mesofossettid is present (Figs. 4Y, Z;, AA;, SN-P). In slightly
worn p4 the hypoflexid is straight and diagonally oriented
in medio-distal direction. The hypoflexid crosses approxi-
mately one third of tooth width and ends between the meso-
and metaflexid. Only in the least worn premolars (GPIT/
MA/10727, 10745 and SNSB-BSPG 2020 XCIV-5362), the
hypoflexid ends in line with the ends of the meso- and meta-
flexid (Figs. 4W;, X, 5J-L). In GPIT/MA/10727 the meso-
and metaflexid are fused with the hypoflexid (Fig. 5K).
In moderate to heavy wear stages, the hypoflexid of lower
premolars is hook-shaped and oriented more distally, never
crossing the midline of tooth width. In these advanced wear
stages, the mesoflexid/fossettid are more elongated, run me-
sially side by side with the terminating hypoflexid by form-
ing a mesiobuccally oriented hook (GPIT/MA/09896, 13980,
16839 and SNSB-BSPG 2020 XCIV-0487; Figs. 4Y, AA,,
SE, M, N, P), or stay straight (SNSB-BSPG 2020 XCV-0303;
Figs. 47Z;, 50). The mesoflexid is the shortest of the lingual
flexids/fossettids and it slightly crosses the midline of the
tooth width. The para- and metaflexids/fossettids run two
thirds along the tooth width before they terminate. The shape
of the paraflexid/fossettid on the occlusal surface is variable,
showing a straight course or a convex (GPIT/MA/16839;
Fig. SE) to concave (GPIT/MA/09909; Fig. 5C) hook-shaped
orientation. The metaflexids/fossettids are slightly undulat-
ing. In SNSB-BSPG 2020 XCIV-0487 all lingual fossetids
are heavily undulating (Figs. 4Y, 5P).

mli/2/3: The typical outline of the lower molars is rectan-
gular. The hypostriid/flexid is the longest striid/flexid and

ends shortly above the crown base and closes to a hypofos-
setid without any lingual groove in contrast to the p4. The
mesostriid is always longer than the para- and metastriid,
both of which having the same length. Para- and metastriid
are only present in the first millimetres of wear and they close
within the first fourth of the tooth crown length. In contrast
the mesostriid continues downwards until it closes before
reaching half of the tooth crown height in m1/2 (Fig. 4AC,,
AD;, AE,, AF,,), but surpasses the half length of the crown
height in m3 (Fig. 4AJ;, AM,). The latter is bucco-lingually
slightly narrower and approximately 20% shorter in crown
height than a typical m1/2 (compare Fig. 4AC,, AC;, Al,,
Als;, AM,, AM;). In unworn and slightly worn molars, some
special features in lingual flexids/fossettids are obvious: un-
worn molars show a U-shaped paraflexid that is oriented
transversally on the occlusal surface, nearly reaching the buc-
cal margin until it is reversing mesially all way back near the
lingual tooth margin (Figs. 4AB, AC,, AJ;, 5B, Q, U, AC).
In slightly worn m1/2 this “U” is divided and yields a typical
straight transversal paraflexid and one elongated preparafos-
settid (Figs. 4AE,, 5B, R). With continuing wear this prepa-
rafossettid splits in two preparafossettids, a lingual and a
buccal preparafossettid (GPIT/MA/09906, 10728, 10987, and
17569 [m1]; Figs. 4AF;, ADy, 5A, S, T, V). In a single case a
third preparafossettid appears (GPIT/MA/17569 [m2]; Figs.
5A, 6C,). Another singular specimen shows a Y-shaped para-
flexid where the two endings encompass the buccal prepara-
fossetid. Furthermore, the same m1/2 shows a second, lingual
preparafossetid that is barely visible and nearly worn out
(GPIT/MA/10987; Figs. 4AD, 5V). All preparafossettids are
removed due to tooth wear before any lingual flexid closes.
The medium worn GPIT/MA/17388 (m3) and the heavily
worn SNSB-BSPG 2020 XCIV-5360 (m1/2) exhibit an in-
terrupted parafossetid that is split into a lingual and a buccal
parafossetid of equal dimensions (Figs. 4AL, 5Y, AG). In the
most heavily worn molar only a hypo- and mesofossette is
present (GPIT/MA/12260) (Figs. 4Al, S5AB). Three molars
show tiny additional enamel columns or stylids at the lower
ends of some lingual striids (GPIT/MA/16672, m1/2: parast-
riid and mesostriid; Figs. 4AE;, AE,, SR; GPIT/MA/09906,
m1/2: parastriid and mesostriid, Figs. 4AF,, AF,, 5S; GPIT/
MA/13823, m3: only one stylid at the paraflexid, Figs. 4AK,
5AD). In general, paraflexid/fossettid, mesoflexid/fossettid
and metaflexid/fossettid are straight or slightly undulating
and transversely oriented on the occlusal surface.
Mandibles: The description of the mandible is mainly
based on the four better preserved specimens: a nearly com-
plete right mandible comprising of the angular process,
part of the coronoid process, i2 and ml (GPIT/MA/13813,
Fig. 6A); a well-preserved right mandible with articular pro-
cess, p4, ml, and m3 (GPIT/MA/09909, Fig. 6B); a mandible
fragment with i2 (fragment) and p4-—m2 (GPIT/MA/17068,
Fig. 6D); and a juvenile left mandible with 12 and dp4-m?2
(GPIT/MA/17569, Fig. 6C). In addition to that, the mandib-
ular material consists of two isolated articular processes
(GPIT/MA/16586, 17215) and eight smaller mandibular



10

D,

ACTA PALAEONTOLOGICA POLONICA 67 (X), 2022

Fig. 6. Mandibles of the beaver Steneofiber depereti Mayet, 1908, from the early Late Miocene locality Hammerschmiede (Bavaria, Germany), local
stratigraphic levels HAM 5 and HAM 4. A. GPIT/MA/13813, HAM 5, right mandible with angular process, part of the coronoid process, i2 and m1 in
lingual (A ), buccal (A,), distal (A3) and occlusal (A4) views. B. GPIT/MA/09909, HAM 5, right mandible with angular process, p4, m1 and m3 in oc-
clusal (B;), lingual (B,), distal (B3) and buccal (By) views. C. GPIT/MA/17569, HAM 4, left mandible with i2, dp4, m1 and m2 (juvenile) in buccal (C,),
occlusal (C,) and lingual (C;) views. D. GPIT/MA/17068, HAM 4, left mandible with i2 (fragment), p4 (fragment), m1 and m2 in buccal (D), occlusal

(D,) and lingual (Ds) views.

fragments (GPIT/MA/10742, 16767, 16839, 16950, 17280,
18106, SNSB-BSPG 2020 XCIV-1494 and 2134).

In lateral view, the chin process is pointed postero-ven-
trally; it is situated anterior to the p4 in the older indivi-
duals (GPIT/MA/09909, 13813, and 17068; Fig. 6A,, B4, D))
and at the same height as the dp4 in the juvenile specimen
(GPIT/MA/17569; Fig. 6C;). The mental foramen is situated
anterior to the p4 (GPIT/MA/09909, 17068) and at the same
height as the anterior margin of dp4 (GPIT/MA/17569). The
m3 and parts of the m2 are hidden by the anterior margin of

the coronoid process (GPIT/MA/09909, 17068, 17569) and a
deep masseteric fossa is situated dorsal to the posterior end
of the incisor (GPIT/MA/09909, 13813).

In lingual view, the angular shelf (crista pterygoidea)
starts posterior to the m3; it bends horizontally and is ex-
panded at the ventral margin (GPIT/MA/09909, 13813), thus
a clear and distinct fossa for the pterygoid muscle is visible
(Fig. 6A;, B,). GPIT/MA/13813 has an elongated mandibu-
lar foramen that is situated posteriorly to the m3 at a crest
starting at the lingual alveolar rim and continuing to the
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condylar process (Fig. 6A;, A,). In the juvenile specimen
(GPIT/MA/17569) this foramen is situated labially to this
crest, directly posterior to the m3 alveolus (Fig. 6C,, Cy).
The symphysis is pointed to the chin process and expands
dorsally. The occlusal margin of the toothrow is concave
and slightly inclined posteriorly.

In posterior view, the coronoid and the angular processes
are arranged in a vertical line (Fig. 6As). The articular
process is shifted lingually to this line (GPIT/MA/09909,
13813; Fig. 6A;, B3).

Results and discussion

The taxonomic differentiation of fossil castorids is mainly
limited to a few dental and cranial characters (Hugueney
1999). In the present case the lower premolar (p4) exhibits
the only character that allows to assign the material of the
larger castorid from Hammerschmiede to Steneofiber de-
pereti, and not Chalicomys jaegeri. In a further analysis, a
metric comparison with other Miocene beavers focusing on
lower premolars (p4) and mandibular tooth row length is
conducted. Furthermore, the dp4/p4 tooth is permanently in
use during the entire lifetime of the beaver and thus offers
the possibility to analyse the complete dental “attritional”
record for Stemeofiber depereti from Hammerschmiede
from birth to death in a mortality analysis.

Comments on the genus Steneofiber—The dental morpho-
logy of Steneofiber depereti is very similar to Chalicomys
Jjaegeri; therefore, the distinction between the two genera re-
mains difficult. Generally, Chalicomys jaegeri is considered
to be the successor of Steneofiber depereti (Ginsburg 1971;
Stefen 1997; Mors and Stefen 2010). So far, the following fea-
tures are usually used to distinguish Steneofiber spp. from
Chalicomys spp.: increasing hypsodonty in Chalicomys spp.;
development of a clear tetralophodont pattern with well-ex-
pressed striids on the lingual side in Chalicomys spp.; and
cement filling of the striids even in early wear stages in
Chalicomys spp. (Hugueney 1999; Casanovas-Vilar et al.
2008; Stefen 2009; Mors and Stefen 2010). As already sug-
gested by Mors and Stefen (2010), the only clear difference
is a hypostriid that always reaches the base of the tooth in
Chalicomys spp. at least in its fourth lower premolar. Here we
use this character as a potential synapomorphy of the clade
including the genera Chalicomys and Castor. Therefore, all
lower p4 with a hypostriid that does not reach the base of the
tooth crown can be attributed to the genus Steneofiber.

Comments on the species of Steneofiber—Steneofiber
comprises two clearly distinguished species, the stratigraph-
ically older mesodont S. eseri (MN 1-MN 2) and the younger
hypsodont S. depereti (MN 3—MN 10). Both species are also
characterized based on their dental metric data (Hugueney
1999). However, a third species, S. subpyrenaicus was dis-
cussed by Mors and Stefen (2010) and they pointed out that
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Fig. 7. Length/width dimensions of lower premolars of the beaver Steneo-
fiber depereti Mayet, 1908, from the early Late Miocene locality Hammer-
schmiede (Bavaria, Germany), local stratigraphic levels HAM 5 and
HAM 4, compared to other S. depereti material from Miocene localities
in France and Germany. Data for Hambach from Mdrs and Stefen (2010),
for Eggingen-Mittelhart from Sach and Heizmann (2001) and Mérs and
Stefen (2010), for Artenay from Mors and Stefen (2010), for La Brosse
from Ginsburg et al. (2000), and for Viehhausen from Seemann (1938).
Measurements for HAM 5 and HAM 4 material is additionally compared
by occlusal (grey) and basal (black) tooth measurements. Measurements
for Hambach and Eggingen-Mittelhart contain both occlusal and basal
tooth measurements. Data for Artenay, La Brosse and Viehhausen only in-
clude occlusal measurements.

the material of S. subpyrenaicus might be undiagnostic or
conspecific with S. depereti. We agree with Mors and Stefen
(2010) about their proposal that a subspecies differentiation
should not be used for the European Steneofiber species,
especially S. depereti. Since the morphology and metrics of
the larger Hammerschmiede beaver correspond to the usual
variability of S. depereti (Fig. 7), we assign the material de-
scribed here to this species.

Tooth differences between Chalicomys jaegeri and Ste-
neofiber depereti and the impact of increased cement
filling.— Chalicomys jaegeri from the type locality Eppel-
sheim is characterized by hypsodont teeth with a hypost-
riid extending to the crown base, three well-expressed lin-
gual striids and conspicuous cement in the synclines of the
teeth already at early wear stages (Hugueney 1999; Stefen
2009; Mors and Stefen 2010). According to previous studies,
Steneofiber depereti exhibits subhypsodont to hypsodont
teeth, closed hypostria/-iids, and only a labial mesostriid;
it further lacks substantial cement in the synclines (Mayet
1908; Ginsburg 1971; Stefen 1997, Hugueney 1999; Sach
and Heizmann 2001; Mors and Stefen 2010). In the pres-
ent sample from Hammerschmiede, the cheek teeth of a
large castorid are subhypsodont to hypsodont. Lower cheek
teeth of the Hammerschmiede beaver comprise three lin-
gual striids with a dominant mesostriid and small additional
para- and metastriids, but these are not as dominant and
long as in Chalicomys jaegeri from Eppelsheim (Hugueney
1999; Stefen 2009) or Soblay (see Hugueney 1999: fig.
28.6E1). Furthermore, cheek teeth of the large beaver from
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Table 2. Material list with dimensions (in mm) of upper and lower teeth of the beaver Steneofiber depereti Mayet, 1908, from the early Late Miocene
locality Hammerschmiede (Bavaria, Germany) and the local stratigraphic levels HAM 5 and HAM 4. L, left; R, right. Cement codes the occurrence
of cement filling in cheek teeth flexids with (0) no cement, (1) first, faint traces of cement, and (2) complete filling with cement; wear stages are
defined as (1), unworn: no wear can be observed, deciduous dentition in use, (2) slightly worn: first occlusal contact, (3) worn: para/metaflexus/-id is
closing or just closed, (4) medium worn: mesoflexus/-id is closing or just closed, (5) deeply worn: hypoflexus/-id is near to closing, (6) heavily worn:
hypoflexus/-id is closed; length occlusal, mesio-distal length at occlusal surface of cheek teeth and length across anterior enamel band for incisors;
length at base, mesio-distal length at basal tooth position (where possible); width occlusal, bucco-lingual width at occlusal surface of cheek teeth and
incisors; width at base, bucco-lingual width at basal tooth position (where possible). Estimated values of measurements are marked by an asterisk (*).

Tooth . Cement | Wear stage Occlusal Base
. Repository number Layer - -
position [0-2] [1-6] length width length width
GPIT/MA/17456 HAM 4 6.87
R GPIT/MA/17807 HAM 4 6.49 6.24
12 SNSB-BSPG 2020 XCIV-661 HAM 4 7.06 7.42
GPIT/MA/10753 HAM 5 5.77 5.85
L GPIT/MA/10749 HAM 5 6.84 6.4
GPIT/MA/17763 HAM 4 0 3 6.61 5.45 5.08 7.82
R SNSB-BSPG 2020 XCIV-0879 HAM 4 0 3 6.24 4.19 5.58 7.42
SNSB-BSPG 2020 XCIV-1731 HAM 4 0 4 7.1
DP4 GPIT/MA/12416 HAM 4 0 3 6.59 4.48 6.8 9.82
L GPIT/MA/12489 HAM 4 0 4 5.88 8.45
GPIT/MA/10744 HAM 5 0 3 6.1 5.51 5 7.61
GPIT/MA/10781 HAM 5 0 4 5.76 6 5.6 7.52
SNSB-BSPG 2020 XCIV-1510 HAM 4 1 2 7.99 8.21
GPIT/MA/17367 HAM 4 1 3 8.26 9.45
GPIT/MA/17422 HAM 4 2 4 9.19 8.11 7.95 9.28
R GPIT/MA/17772 HAM 4 2 4 8.92 8.81 8.02 9.84
GPIT/MA/16935 HAM 4 2 4 8.96 9.58 8.01 9.15
GPIT/MA/17081 HAM 4 2 4 8.5 8.33 7.59 8.83
GPIT/MA/17163-2 HAM 4 2 4 7.74 8.94
P4 GPIT/MA/10989 HAM 4 1 3 7.95 7.39 8.2 8.94
GPIT/MA/17205 HAM 4 2 4 8.43 9.05 8.35 8.95
GPIT/MA/17163-1 HAM 4 2 4 7.62 8.9
L SNSB-BSPG 2020 XCIV-1725 HAM 4 1 5 9.56%* 8.74%* 7.62 8.38
GPIT/MA/16979 HAM 4 2 5 8.42 9.32
SNSB-BSPG 2020 XCIV-3891 HAM 4 2 1 7.61 7.74 8.05 8.66
SNSB-BSPG 2020 XCIV-5375 HAM 4 2 3 8.63 7.96 7.67 8.44
GPIT/MA/10746 HAM 5 2 6 8.36 9 7.68 8.1
M R GPIT/MA/17163-1 HAM 4 2 5 5.5 7.75
L GPIT/MA/17367 HAM 4 1 4 5.47 7.7
GPIT/MA/16845 HAM 4 1 3 6.52 5.85 5.47 7.27
SNSB-BSPG 2020 XCIV-1391 HAM 4 2 3 6.44 5.76 5.3 6.89
GPIT/MA/17358 HAM 4 2 4 6.12 7.53 6.02 7.43
SNSB-BSPG 2020 XCIV-1727 HAM 4 2 4 5.93 5.96 5.61 6.76
SNSB-BSPG 2020 XCIV-1726 HAM 4 1 5 5.94 7.9 5.58 7.8
SNSB-BSPG 2020 XCIV-5368 HAM 4 1 3 6.04 54 5.13 6.77
SNSB-BSPG 2020 XCIV-5370 HAM 4 2 3 6.56 6.3 5.77 7.79
SNSB-BSPG 2020 XCIV-5372 HAM 4 1 3 6.24 5.2 4.98 6.53
M1-M2 R SNSB-BSPG 2020 XCIV-5369 HAM 4 1 4 6.18 6.58 5.71 6.94
SNSB-BSPG 2020 XCIV-5367 HAM 4 1 1 6.2 4.59 6.18 6.96
SNSB-BSPG 2020 XCIV-5377 HAM 4 2 3 6.22 6.72 5.23 7.69
SNSB-BSPG 2020 XCIV-5376 HAM 4 2 4 6.51 6.46 6.25 6.92
SNSB-BSPG 2020 XCIV-5378 HAM 4 2 4 6.45 6.99 6.41 7.52
SNSB-BSPG 2020 XCIV-5374 HAM 4 2 5 6.13 7.69 5.91 6.84
SNSB-BSPG 2020 XCIV-4059 HAM 4 2 4 5.73 7.37 5.45 7.1
GPIT/MA/12604 HAM 5 1 4 6.18 6.76 5.58 7.47
GPIT/MA/13825 HAM 5 0 4 5.93 6.37 5.76 6.41
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SNSB-BSPG 2020 XCIV-1724 HAM 4 1 3 6.18 6.18 6.02 6.47
GPIT/MA/16134 HAM 4 1 3 6.19 5.82 5.94 6.93
GPIT/MA/16755 HAM 4 1 4 7.4 5.77 5.75 7.97
MI_M2 GPIT/MA/12490 HAM 4 2 4 5.54 6.47 5.22 6.6
SNSB-BSPG 2020 XCIV-5366 HAM 4 1 1 6.1 43 5.7 6.63
SNSB-BSPG 2020 XCIV-5371 HAM 4 1 2 5.93 5.02
GPIT/MA/13820 HAM 5 0 2 5.96 4.06 5.06 6.83
GPIT/MA/10731 HAM 5 2 5 5.57 7.14 5.18 6.38
M2 GPIT/MA/17367 HAM 4 1 4 6.04 7.02
SNSB-BSPG 2020 XCIV-1730 HAM 4 0 1 5.52 4.73 5.16 5.09
GPIT/MA/10990 HAM 4 2 3 5.85 6.05 6.29 6.3
SNSB-BSPG 2020 XCIV-0446 HAM 4 2 4 6.18 6.53 6.32 6.52
SNSB-BSPG 2020 XCIV-3388 HAM 4 1 1 5.65 4.62 6.03 5.64
SNSB-BSPG 2020 XCIV-5373 HAM 4 2 4 6.33 6.46 6.41 6.76
SNSB-BSPG 2020 XCIV-1320 HAM 4 0 1 5.72 3.97 5.76 5.79
M3 SNSB-BSPG 2020 XCIV-0415 HAM 4 2 2 5.42 5.31 5.55 5.91
GPIT/MA/12562 HAM 4 2 3 5.61 5.52 5.88 6.01
GPIT/MA/16530 HAM 4 2 5 6.1 7 5.52 6.31
SNSB-BSPG 2020 XCIV-1728 HAM 4 2 6 6.02 6.55
SNSB-BSPG 2020 XCIV-1729 HAM 4 2 6 5.62 6.98
GPIT/MA/10748 HAM 5 1 3 5.62 5.75 5.46 5.46
GPIT/MA/12152 HAM 5 2 4 5.92 6.76 5.82 6.41
GPIT/MA/16512 HAM 4 7.92 6.99
GPIT/MA/16928 HAM 4 7.3 6.95
GPIT/MA/16436 HAM 4 5.3 4.6
GPIT/MA/10742 HAM 5 7.19 7.47
0 GPIT/MA/10729 HAM 5 6.62 6.42
GPIT/MA/13813 HAM 5 7.88 7.16
SNSB-BSPG 2020 XCIV-1100 HAM 4 7.26 6.44
GPIT/MA/17569 HAM 4 5.38 4.54
GPIT/MA/16985 HAM 4 6.84 6.91
GPIT/MA/10743 HAM 5 4.14 4.15 4.94 4.47
GPIT/MA/10785 HAM 5 0 5 7.03 4.76
GPIT/MA/13826 HAM 5 0 4 8.26 5.51
dpd GPIT/MA/16950 HAM 4 0 3 6.64 5.13 7.5 5.66
GPIT/MA/17569 HAM 4 0 3 6.73 4.99 7.75 5.07
SNSB-BSPG 2020 XCIV-5365 HAM 4 0 4 7.63 5.42
GPIT/MA/10782 HAM 5 0 3 6.56* 4.52%
GPIT/MA/18113 HAM 4 2 3 10.05 7.38
SNSB-BSPG 2020 XCIV-2276 HAM 4 2 3 10.9%* 7.2%
GPIT/MA/16839 HAM 4 2 3 9.85% 7.32
SNSB-BSPG 2020 XCIV-5362 HAM 4 2 3 8.95 7.02 11.35 7.82
GPIT/MA/10745 HAM 5 0 2 6.47 5.98 10.9 7.4
GPIT/MA/09909 HAM 5 2 3 9.95 7.6 10.5 7.79
SNSB-BSPG 2020 XCIV-0179 HAM 4 2 3 9.9* 7.02*
SNSB-BSPG 2020 XCIV-1246 HAM 4 1 3 8.06* 6.67* 10.3* 8.04*
p4 GPIT/MA/17068 HAM 4 2 3 9.6% 7.7*
SNSB-BSPG 2020 XCIV-1494 HAM 4 2 3 9.6 7.86 10.42 8.11
GPIT/MA/17352 HAM 4 2 4 10.35 7.58 12.07 7.18
GPIT/MA/17296 HAM 4 2 4 10.74 7.58 10.5 7.44
SNSB-BSPG 2020 XCIV-0487 HAM 4 1 5 10.33 7.94
SNSB-BSPG 2020 XCIV-3726 HAM 4 2 3 10.17 7.68 12.34 8.23
GPIT/MA/10727 HAM 5 1 2 6.5% 6.9%
GPIT/MA/13980 HAM 5 2 3 10.27 7.17 11.5 6.55
GPIT/MA/09896 HAM 5 2 4 9.42 6.97 10.13 6.55
SNSB-BSPG 2020 XCV-303 HAM 5 2 4 10.38 7.43 10.65 6.81
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GPIT/MA/17280 HAM 4 1 4 6.67 7.17 6.8 8.04
GPIT/MA/16839 HAM 4 2 4 6.7 7.1
GPIT/MA/09909 HAM 5 2 4 6.84 7.83 6.64 7.66
GPIT/MA/13813 HAM 5 2 5 6.33 6.63
ml GPIT/MA/16950 HAM 4 0 2 6.18 5.57
GPIT/MA/17569 HAM 4 0 2 6.44 5.1
GPIT/MA/18106 HAM 4 2 4 6.38 6.52 6.14 6.88
GPIT/MA/17068 HAM 4 2 4 6.9 7.12
SNSB-BSPG 2020 XCIV-1494 HAM 4 2 4 6.95 7.9
GPIT/MA/16915 HAM 4 1 2 6.47 5.77 6.31 8.37
GPIT/MA/16672 HAM 4 1 2 7.63 5.34 6.64 6.9
GPIT/MA/10987 HAM 4 1 2 7.26 5.83 6.03 7.38
SNSB-BSPG 2020 XCIV-1185 HAM 4 1 2 6.18 4.86 6.32 7.04
SNSB-BSPG 2020 XCIV-1468 HAM 4 1 2 6.63 5.44 6.13 7.15
SNSB-BSPG 2020 XCIV-1723 HAM 4 1 3 7.41 7.33 6.64 7.93
SNSB-BSPG 2020 XCIV-3903 HAM 4 2 4 6.49 7.51 6.07 7.33
SNSB-BSPG 2020 XCIV-5360 HAM 4 2 5 6.99 7.9 6.6 8.09
SNSB-BSPG 2020 XCIV-5357 HAM 4 2 4 8.02 7.71 6.88 8.29
SNSB-BSPG 2020 XCIV-5358 HAM 4 1 4 7.07 6.81 6.14 6.99
GPIT/MA/09903 HAM 5 1 4 6.59 7.8 6.66 7.46
GPIT/MA/13821 HAM 5 1 4 6.34 7.25 5.89 6.75
GPIT/MA/12032 HAM 5 2 5 6.7 7.34
mlm? GPIT/MA/12260 HAM 5 2 6 5.94 7.25
GPIT/MA/16908 HAM 4 1 3 7.32 6.26 6.03 7.34
SNSB-BSPG 2020 XCIV-3572 HAM 4 1 2 6.36 5.6 5.8 6.82
SNSB-BSPG 2020 XCIV-3745 HAM 4 2 3 6.59 7.04 7.67 5.93
SNSB-BSPG 2020 XCIV-5364 HAM 4 1 1 7.1 5.49 6.61 7.84
SNSB-BSPG 2020 XCIV-5363 HAM 4 2 4 6.73 7.79 6.46 7.86
SNSB-BSPG 2020 XCIV-5359 HAM 4 2 3 7.18% 7.5% 7.17* 7.11%
GPIT/MA/09906 HAM 5 1 2 6.3 5.26 5.94 6.86
GPIT/MA/10728 HAM 5 0 2 6.38 4.55 6.03 7.13
GPIT/MA/09902 HAM 5 1 3 6.02 591 5.99 6.88
GPIT/MA/09897 HAM 5 1 3 6.46 6.95 6.97 6.64
GPIT/MA/13822 HAM 5 1 4 6.22 6.94 6.09 7.17
GPIT/MA/12342 HAM 5 1 5 5.74 7.08
GPIT/MA/10784 HAM 5 1 5 6.37 6.85 5.89 6.72
GPIT/MA/13824 HAM 5 2 6 6.21 7.43
SNSB-BSPG 2020 XCIV-2134 HAM 4 1 3 6.66 6.94
GPIT/MA/17280 HAM 4 1 4 7.42 6.8
GPIT/MA/16839 HAM 4 2 4 6.65 7.35
m?2 GPIT/MA/16950 HAM 4 0 2 6.38 5.22
GPIT/MA/17569 HAM 4 0 2 6.47 5.23
GPIT/MA/17068 HAM 4 2 4 6.8 7.25
SNSB-BSPG 2020 XCIV-1494 HAM 4 2 4 6.9 7.8
GPIT/MA/17666 HAM 4 1 4 6.86 6.01 6.27 6.4
SNSB-BSPG 2020 XCIV-1722 HAM 4 1 1 6.2 6.54
SNSB-BSPG 2020 XCIV-1720 HAM 4 1 4 6.91 6.46 6.51 6.01
SNSB-BSPG 2020 XCIV-1721 HAM 4 2 4 6.6 6.63 6.56 6.49
GPIT/MA/13823 HAM 5 0 3 6.22 6.39 6.5 6.55
GPIT/MA/10751 HAM 5 2 3 6.68 6.7 6.57 6.24
m3 GPIT/MA/09909 HAM 5 2 4 6.64 6.5 7.23 5.92
GPIT/MA/09907 HAM 5 2 5 6.75 6.38
GPIT/MA/16950 HAM 4 0 1 5.87 5.17 7.37 7.05
SNSB-BSPG 2020 XCIV-0416 HAM 4 2 3 5.78 5.88 5.78 5.63
SNSB-BSPG 2020 XCIV-1114 HAM 4 2 3 6.75 6.31 6.32 6.34
GPIT/MA/17388 HAM 4 2 4 7.77 6.9 6.76 6.02
SNSB-BSPG 2020 XCIV-1719 HAM 4 2 4 6.7 6.16 6.17 6.45
SNSB-BSPG 2020 XCIV-5361 HAM 4 2 4 7.53 6.45 6.33 6.48
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Hammerschmiede exhibit filling of cement in dental syn-
clines that increases considerably with higher individual
age. Table 2 and Figs. 2 and 3 show that deciduous (juvenile
beavers) teeth never exhibit cement filling (Figs. 3A-E, 5A,
B, F-I) and teeth assigned to WS 1 and WS 2 (juvenile and
young adult beavers) comprise no or only slight cement
agglomeration (Figs. 3Q, R, AE, AF, 5A, B, J, K, Q-T, AC-
AD). At WS 3 and WS 4 (mature and senile beavers) this
character state changes to first traces of cement (Figs. 3S—-U,
5W, X) and completely cement-filled dental synclines (Figs.
3F-P, V-AD, AG-AO, 5C-E, L-P, U-V, Y-AB, AE-AH).
This continuous increase of cement filling in dental syn-
clines with higher wear stages and thus individual age in-
dicates that the deposition of cement in Hammerschmiede
beavers (and possibly any other European Miocene beaver)
is a secondary effect during dental development. Compared
to other European Miocene beaver species, the larger Ham-
merschmiede castorid represents an intermediate stage be-
tween the first forms of Steneofiber (S. eseri, S. castorinus
and earlier forms of S. depereti; no cement in synclines), later
forms of Steneofiber depereti (e.g., from Hambach, MN 5/6;
with slight cement filling of dental synclines for individuals
of higher ages) and Chalicomys jaegeri (cement-filled syn-
clines already at juvenile individuals). A similar intermedi-
ate position becomes apparent when comparing the tooth
crown height of cheek teeth (hypsodonty). The increase of
cement accumulation possibly correlates with the increase
of hypsodonty; therefore, it appears questionable to use this
character as a diagnostic character at the species or even
genus level in European castorids. Consequently, only one
clear character remains to differentiate between Chalicomys
Jjaegeri and Steneofiber depereti: the hypostriid, that closes
before and does not reach the crown base in Steneofiber
depereti, specifically in lower premolars.

Metric comparison of the lower premolar—In addition
to their identical morphology, the dimensions of the lower
premolars from the two different Hammerschmiede layers
are overlapping; the beavers from the HAM 5 and HAM
4 layers are thus considered as conspecific (Fig. 7). For
further analyses, HAM 5 and HAM 4 material is merged.
The age difference between these two layers is estimated
to approximately 180 ka (Kirscher et al. 2016). The strati-
graphically slightly younger beavers from HAM 4 exhibit
the largest teeth in width and length (Fig. 7). This could
indicate a slight tendency of body size enlargement through
time or it might be explained with slightly changed environ-
mental conditions as indicated by the wider and deeper river
deposits of HAM 4 in contrast to the small rivulet of HAM
5 (Bohme et al. 2019; Mayr et al. 2020a).

The material from Hammerschmiede fits quite well into
the size variability of other medium-sized Miocene beaver
populations of Europe (Figs. 6, 7). The largest dimensions of
the lower p4 from Hammerschmiede tend to be greater com-
pared to other Miocene Steneofiber spp., but also Chalicomys
spp. finds from Germany and France (Fig. 8).
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Fig. 8. Length/width dimensions of lower premolars of the beaver Steneo-
fiber depereti Mayet, 1908, from the early Late Miocene locality Hammer-
schmiede (Bavaria, Germany), local stratigraphic levels HAM 5 and
HAM 4, compared to S. depereti and several other castorid species from
other European Miocene localities. Data for non Hammerschmiede S. de-
pereti from Mors and Stefen (2010) and citations therein, for Chalicomys
Jjaegeri from Stefen (2009) and citations therein, for Steneofiber eseri from
Stefen (1997), and for Steneofiber castorinus from Filhol (1879). Data
points for all taxa resemble both occlusal and basal tooth measurements.

The smallest values for the lower p4 mesio-distal length
from Hammerschmiede consist of occlusal measurements of
slightly worn teeth. This observation is based on the typical
morphology of the lower premolar, where in a buccal view
the mesio-distal length increases heavily within the first
wear stage. Therefore, occlusal measurements of unworn
and very slightly worn p4 do not represent the typical tooth
dimensions of the larger Hammerschmiede castorid.

Mandibular tooth row size.—In addition to the metrical
analysis of lower premolars from different fossil Miocene
localities, some authors compared the lengths of mandib-
ular tooth rows at the occlusal surface and the alveolar
length (Stefen 2009; Mors and Stefen 2010; Stefen 2011).
Following this approach, the available mandibular material
of Steneofiber depereti from Hammerschmiede is added
to the dataset and compared in the same way (Fig. 9). The
length of the mandibular tooth rows of S. depereti from
the combined HAM 4 and HAM 5 shows a similarly high
intraspecific variability as other comparable comprehensive
records of Steneofiber from Hambach (MN 5/6), Pontlevoy
(MN 5), Ulm-Westtangente (MN 2a), and St. Gerand le
Puy (MN 2a) (Fig. 9). In direct comparison, the small Early
Miocene (MN 2) Steneofiber eseri and Steneofiber cas-
torinus exhibit a clearly shorter mandibular tooth row. The
lengths of S. depereti tooth rows from Hammerschmiede
overlap with those of S. depereti (formerly S. depereti
caliodorensis) from Chilleurs-aux-Bois (MN 3) and S. de-
pereti from Hambach (MN 5/6). Considering the alveo-
lar length, measurements of S. depereti (formerly S. de-
pereti janvieri) from Denezé (base MN 3) do not overlap
with those from Hammerschmiede. Furthermore, the tooth
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Fig. 9. Mandibular tooth row lengths of the beaver Steneofiber depereti Mayet, 1908, from the early Late Miocene locality Hammerschmiede (Bavaria,
Germany), local stratigraphic levels HAM 5 and HAM 4, in comparison to representative European Miocene castorid species. Occlusal surface lengths
are given as single measurements (black dots) or ranges (black bars). Alveolar lengths are given in grey dots or bars respectively. Measurements adapted
from Stefen (2009), Mors and Stefen (2010), Stefen (2011), and citations therein. Biostratigraphic positions of the localities according to the Mammal

Neogene (MN) zones (sensu Mein 1975).

row lengths of the Early Miocene material from Képfnach
(MN 5) assigned to Chalicomys jaegeri, the Late Miocene
Chalicomys jaegeri from Bayraktepe 1 (MN 9?), Soblay
(MN 10) and Eppelsheim (MN 9/10), and also Chalicomys
batalleri from Abocador de Can Mata (MN 7/8) are within
the size range of Hammerschmiede mandibular tooth rows.

Wear stages of lower premolars and their step-length
relation.—The highly different states of preservation of the
dental material make it difficult to gather age groups based
on tooth abrasion by measuring the tooth height directly.
In order to include most available tooth specimens, the age
groups are characterized by defined changes in the occlusal
patterns of the cheek teeth depending on their dental wear
stages. To avoid data duplication by multiple counting of in-
dividuals, the analysis is restricted to the lower dp4/p4 tooth
position. Furthermore, this tooth position provides the only
mortality record from birth (deciduous dentition) to death
(permanent dentition). Morphological characters that define
the wear stages of the p4 are not equally distributed along
the entire tooth height. Therefore, the absolute age informa-
tion differs according to the actual step-length between the
wear stages (Fig. 10). In the least worn and isolated speci-
mens of lower p4 (GPIT/MA/10727 and 10745) the absolute
distribution of wear stages can be estimated by “percentage
of dental lifespan” with the wear stages according to a max-

imum tooth height plus the lifetime of a juvenile individual
with the dp4 still in use.

WS 1 represents the time range when a deciduous pre-
molar (dp4) is used by a juvenile beaver (p4 is unerupted
and unused at this stage). To avoid potential individual du-
plication by counting shed out deciduous teeth, which there-
fore do not represent the time of death of the beaver individ-
ual, dp4 with resorbed roots were excluded from counting.
The attritional lifetime of the dp4 (WS 1) (interval between
time of tooth eruption and time when dp4 is shed out) is of
unknown relation to the wear stages of the p4 (WS 2-6).
The entire p4 tooth height represents 100%. The relation
of direct measurements of the wear stage step lengths of
the example p4s leads to following approximate step length
proportions (Fig. 10): WS 2 is a short (17%) step-length
compared to the longest WS 3 (33%) and WS 4 (28%). WS
5 (11%) and WS 6 (11%) exhibit the shortest step-lengths of
the p4 with approximately one third of WS 3 (Fig. 10). In
consequence, this means that with the beginning of WS 4,
50% of the absolute dental lifespan of the lower p4 is worn
and with the end of WS 4, 77% of the available enamel tooth
height is abraded. Finally, a tentative assignment of wear
stages and age groups results in: WS 1, juvenile; WS 2,
young/prime adult; WS 3, mature/elder; WS 4 and higher
wear stages, old/senile.
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WS 1

WS 2

WS 3

WS 4

WS 5
WS 6

WS 1 WS 2 WS 3 WS 4 WS 5 WS 6

unworn slightly worn medium  deeply heavily
worn worn worn worn

Fig. 10. Wear stages (WS) and step-length between between wear stages
for the lower premolar dp4/p4 of the beaver Steneofiber depereti Mayet,
1908, from the early Late Miocene locality Hammerschmiede (Bavaria,
Germany). The step-length of wear stages is given as an approximate
percentage of the entire p4 tooth crown height (100%). Lower right dp4
(GPIT/MA/10785) in buccal (mirrored) view and lower left p4 (SNSB-
BSPG 2020 XCIV-0487) for step-length of “age groups” definition in lin-
gual and buccal views. WS 1, unworn: no wear can be observed, deciduous
dentition in use; WS 2, slightly worn: first occlusal contact; WS 3, worn:
para/metaflexus/id is closing or just closed; WS 4, medium worn: mesof-
lexus/id is closing or just closed; WS 5, deeply worn: hypoflexus/id is near
to closing; WS 6, heavily worn: hypoflexus/id is closed. Occlusal pattern
of lower right p4: WS 1, 3, 5 and 6: line drawings not based on specific
specimens, WS 2: GPIT/MA/10745, WS 4: GPIT/MA/09896 (mirrored).
WS 1-6 not to scale.

Mortality analysis.—In a following analysis, all unshed
lower dp4 and p4 specimens from HAM 5 and HAM 4
strata representing the medium sized castorid Steneofiber
depereti were counted and categorized by wear stage and
an age-frequency distribution (Mortality profile) following
Lyman (1994) was performed (Fig. 11).

In addition to the wear stage definitions as provided in
the Material and Methods paragraph, the material represent-
ing WS 1 includes dp4s that are still in situ in the mandible,
as well as isolated (used) dp4s, if they do not show signs of
tooth resorption. Furthermore, unworn p4s would also relate
to this age group and could duplicate dp4 data due to simul-
taneous occurrence, but no p4 in this wear stage is available
from Hammerschmiede.

The mortality profiles according to the wear stages of
the lower dp4/p4 specimens show different distributions in
HAM 5 and HAM 4 (Fig. 11). In the HAM 4 profile, WS

1 (20%) and WS 3 (60%) dominate, while WS 4 (13.33%)
and WS 5 (6.67%) are underrepresented and WS 2 and WS
6 are missing (Fig. 11). A different pattern occurs in the
HAM 5 material, with high distributions in WS 1 (33%)
and a consistent value for WS 2, WS 3 and WS 4 (22%
each), with WS 4 being the highest available wear stage
(Fig. 11).

The mortality profile of the HAM 4 layer complies with
the typical U-shaped frequency distribution, referred to
as “attritional” or “normal” mortality (Lyman 1994). This
means that juvenile, mature and old individuals dominate
the fossil material and young adults (WS 2) are lacking.
This arrangement represents a natural ecological mortality
(Lyman 1994). It can thus be assumed, that the HAM 4
river represents the natural ecosystem the beaver inhab-
ited. A possible explanation for the low number of WS 1
and the complete absence of WS 2 material in HAM 4
could indicate a great ecological similarity of the larger
Hammerschmiede castorid with the extant species of the
Castor. Today’s beavers mostly prefer deeper waters, which
correspond roughly to rivers of 15t or 2" stream orders (ac-
cording to the classic stream order following Hack 1957)
(Beier and Barret 1987; Dieter and McCabe 1989; Hartman
1996; Hartman and Tornlév 2006), where HAM 4 is as-
sumed to fit 2" stream order. Since Hugueney and Escuillié
(1995) already have documented K-strategy and two-year
parental investment in the very early Steneofiber eseri from
Montaigu-le-Blin (France, MN 2) and since a similar be-
haviour is known from the extant beaver (Hinze 1950), this
behaviour can possibly also be assumed for S. depereti from
Hammerschmiede. Compared to Castor fiber, WS 1 would
then represent the first year of live where predation pres-

[%]
60
M HAM 4 | |
[0 HAM 5
40
”
e
n=2 =
n=1 g_
WS 1 Wws 2 WS 3 WS 4 WS5 WS6

Dental wear stage

Fig. 11. Mortality profiles (age-frequency distribution) of the beaver Ste-
neofiber depereti Mayet, 1908, from the early Late Miocene locality Ham-
merschmiede (Bavaria, Germany) based on lower dp4 and p4 tooth po-
sitions from the local stratigraphic levels HAM 5 and HAM 4. Each bar
corresponds to an age class, defined by occlusal dental wear stages (WS
1-6). Vertical axis represents the percentage of individuals.
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sure is moderate because of a small radius of movement
close to the beaver lodge. WS 2 would include second year
beavers, which migrate and are looking for their own terri-
tory, often on smaller tributaries (3" stream order) because
preferred territories are already occupied, as in extant bea-
vers (Semyonoff 1951; Curry-Lindhal 1967; Zurowski and
Kasperczyk 1986; Pupinnikas 1999; Gorshkov et al. 2002;
Hartman and Tornlév 2006). The greatest predation pres-
sure in the S. depereti population of HAM 4 seems to be
on prime age beavers (WS 3) with a continuous staircase
slope towards old (WS 4) and senile (WS 5) individuals
(Fig. 11), which indicates continuous colonisation by larger
family groups in the habitat. In contrast to HAM 4, the
HAM 5 age-frequency distribution cannot be assigned to
a generalised mortality pattern (U-shaped or L-shaped ac-
cording to Lyman 1994). In the mortality profile of HAM 5,
teeth for WS 2 (n = 2) are present and of equal value with
WS 3 and WS 4 (22% each). Except for the slightly higher
value for WS 1, all available beaver ages in HAM 5 (WS
1-4) seem to show a similar predation pressure. A possible
explanation for this observation could be that the HAM 5
rivulet was a sporadically colonised habitat of only small
founder populations of S. depereti, where the locality would
not match the preferred habitat requirements. This would be
consistent with the observation that HAM 5 corresponds to
a shallow river or rivulet of 3" stream order, which would
neither be the preferred habitat of extant beavers (Beier
and Barret 1987; Dieter and McCabe 1989; Hartman 1996;
Hartman and Térnlév 2006), and thus would provide a niche
for young adult beavers (especially WS 2) looking for a new
territory.

Conclusions

The dental material of a medium sized castorid from the
Hammerschmiede locality adds valuable morpholog-
ical and metric data to the hitherto fragmentary record
of European beavers of the early Late Miocene age.
Furthermore, the material is characterised by a morpho-
logical intermediate stage between Chalicomys jaegeri and
Steneofiber depereti. The still debated transitional evolu-
tion of Steneofiber depereti—Chalicomys jaegeri—Castor
fiber implies that a differentiation between those taxa can
be difficult (Mors and Stefen 2010). The nominal types of
this lineage, the early forms of S. depereti from the Early
Miocene (MN 4) and the late forms of C. jaegeri from
the Late Miocene (MN 9/10) are easily distinguishable. In
contrast, the late forms of S. depereti and C. jaegeri share
many dental characters (subhypsodont to hypsodont cheek
teeth, three lingual striids, closure of roots at moderate
or higher age, and synclines filled with cement at least at
higher age) and can hardly be separated. In contrast, the
Early Miocene European Steneofiber eseri and Steneofiber
castorinus, characterized by a smaller size and mesodont
cheek dentition, no cement in synclines, the absence of the
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three lingual striids, and the closure of roots at juvenile age,
can be easily distinguished from both S. depereti and C.
jaegeri. With the medium size Hammerschmiede castorid
sample, the taxonomic distinction between the two latter
species is reduced to one character of the lower premolar: a
hypostriid that does not reach the crown base in S. depereti.
Whether it is appropriate to differentiate two species at the
genus level with only one character is questionable and be-
yond the scope of this study.

By categorising the dental wear stages of lower premolars
of S. depereti from Hammerschmiede in an age-frequency
distribution (Mortality analysis), it can be proposed, that
the Hammerschmiede beaver shows similarities in demog-
raphy and ecology, including similar habitat requirements,
with extant beavers. The 2" order stream HAM 4 can be
interpreted as a typical beaver habitat with continuous occu-
pation by larger family groups (temporal and spatial), while
the 3 order stream HAM 5 is interpreted as not optimally
matching the habitat requirements of S. depereti., resulting
in a discontinuous occupation by smaller family groups,
and thus primarily offering a niche for young adult beavers
looking for a new territory.

Finally, the beavers from the locality Hammerschmiede
in Southern Germany are part of a highly diverse river, riv-
ulet and floodplain ecosystem of the early late Miocene that
is an ideal environment for castorids. Thus, it is not surpris-
ing, that a second, but smaller beaver species, Euroxenomys
minutus, s also inhabiting this environment. Due to simi-
larities in the ecological behaviour of castorids, most fossil
beaver sites contain only one species, and only a few locali-
ties comprise two or more species (Rekovets et al. 2020). If
more than one beaver taxon is found at a fossil site, usually
one is much more abundant. This is not the case for the
Hammerschmiede beavers. Here, both the large S. depereti
and the small E. minutus are frequently found.
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