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Abstract

The Suoidea from Gracanica in the Bugojno Basin (Bosnia and Herzegovina) are assigned to Choeromorus lemuroides (previ-
ously Taucanamo sansaniense) (Taucanaminae, Palacochoeridae), Bunolistriodon latidens (Listriodontinae, Suidae), and
Conohyus simorrensis (Tetraconodontinae, Suidae). These belong to three anagenetic lineages, known from Western Europe
to Anatolia. The fossils from Gracanica and these lineages are described in detail. Biostratigraphic correlations in an area
extending from Western Europe to Anatolia are proposed on the basis of these lineages. These correlations are consistent with
known independent age estimates of the large mammal localities in the different areas. Because the Suoidea from Gracanica
belong to groups which have suffered from recent taxonomic inflation, their systematics has been discussed for a correct

classification.
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Introduction

The interplay between tectonics and sea level greatly changed
European Miocene geography, and the reduction of the
Paratethys to what are now the Black and Caspian Seas is part
of'this process (Rogl and Steinginger 1983; Rogl 1998; Popov
et al. 2004). Superposed climatic change led to complex bio-
geographic changes, which are still far from understood.
Europe was not biogeographically homogenous and even in
Western Europe, there were many differences in the timing of
faunal events (Van der Made et al. 2006; Kélin and Kempf
2009; Van der Meulen et al. 2011, 2012). Today, the limit
between the Palearctic and Saharo-Arabian biogeographic
realms passes just south of Anatolia (Holt et al. 2013), but
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there is evidence that from the Mio- till the Pleistocene a
long-standing biogeographic limit between Anatolia +
Greece and western + central Europe existed (Van der Made
and Mateos 2010). This could reflect a different position of the
limit between the two biogeographic realms in the Neogene,
though alternatively, it may reflect that a wide transition zone
with limits of individual taxa at different geographic positions.

The Middle Miocene fossil locality of Gracanica in Bosnia
and Herzegovina is thus biogeographically in a very interest-
ing position. Its fauna is a welcome addition to the relatively
poor Middle Miocene fossil record of the area between west +
central Europe and Greece + Anatolia. It should not be
strange, that there are difficulties of biostratigraphic correla-
tion between those areas. Fossil localities in the intermediate
area are of interest in that they provide information on
biogeography and correlation. Fahlbusch (1991, p. 168)
recognised the difficulties arising from the complex biogeo-
graphic history of Europe and the need of unequivocal bound-
ary definitions of the biozones. Since dispersal events may be
diachronic, he considered the use of stages-of-evolution in
continuously evolving lineages as the best method for the
objective definition of time boundaries. The fossil Suoidea
from Gracanica belong to three lineages, which are known
from the Iberian Peninsula to Anatolia. Without pretending
that these lineages should be used to define the boundaries
of biozones, they have been used previously in correlation
between these areas (Van der Made 2003, 2005). At present,
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there is much more material available to describe the evolution
of these lineages which could support or contradict these
correlations.

All three suoid lineages where subject to publications, which
greatly complicated their taxonomy (e.g. Pickford 2011, 2014,
2016a, 2016b, 2017; Pickford and Laurent 2014). In general,
there is much splitting, but also, the rules of the International
Code of Zoological Nomenclature are not followed. This ob-
scures evolution and biostratigraphy and affects the classifica-
tion of the Suoidea from Gracanica at the species, genus, sub-
family, and family level. Therefore, it is necessary to discuss
taxonomy of the taxa from Gracanica in detail.

The aims of this paper are (1) to describe the fossil Suoidea
from Gracanica; (2) to classify them, which implies discus-
sions to clarify taxonomy; (3) to describe their evolutionary
lineages quantitatively; and (4) to use these lineages in corre-
lation in the area extending from Western Europe to Anatolia.
The major taxonomical problems will be discussed in the
Suppl.-Information.

Material and methods

Tooth nomenclature follows Van der Made (1996a) and Prieto
et al. (2017). Upper teeth are indicated with superscript (e.g.
M3, P?), lower teeth with subscript (M3, P,), and if no sepa-
ration between upper and lower is made, neither sub-nor
superscipt is used (M3, P2). The measurements are taken as
indicated by Van der Made (1996a) and are given in mm
(unless indicated otherwise). The measurements are indicated
in Tables 1, 2, 3, 4, 5 and in the figures with acronyms, which
are explained in the Suppl.-Tab. 1.

The material presented here is housed in the Natural History
Museum of Vienna, Austria NHMW). The specimens from
Gracanica are compared with specimens from other localities
(Fig. 1; Suppl.-Fig. 1; Suppl.-Tab. 2). In Suppl.-Tab. 2, descrip-
tions of those materials are also listed, with the classification
used in those publications. In this table, acronyms are used to

Table 1 Measurements in mm of the cheek teeth of NHMW
2013/0008/0001 of Ch. lemuroides from Gracanica

DAP DTa DTp
P4 s 10.9 5.5 5.8
P, s 113 47 5
M, d >95 6 6.1
M3 s - 92 -
M? s 11.8 93 8.8
M' s 9.7 7.8 7.8
p* s 7.7 - 7.7
p? s 10.7 5.3 6.8
M? d 12.2 9.3 8.4
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indicate in which institutes the material was studied, or where it
is kept presently. These acronyms are explained in Suppl.-Tab.
3. If no acronym of a collection is given, the data used come
from these publications. The stratigraphy of many of these lo-
calities is discussed in the Suppl.-Information and the ages are
summarised in Suppl.-Tab. 4, where also the relevant literature
on stratigraphy or age is given.

Systematics

The material from Gracanica is described in this section, while
information and discussions on taxonomy are presented in the
Suppl.-Information. The classification of the taxa mentioned
in the text is given in Suppl.-Fig. 2, where it is compared to the
classification of other authors.

Palaeochoeridae Matthew, 1924
Selected synonymy

1899-1900 Palacochoeren—Stehlin: pp. 29-522 (intentionally
not used as a formal name).

1899-1900 Palacochoeriden—Stehlin: pp. 182, 225, 269, 320,
328, 331,410-411, 432, 433, 439-440, 453, 481—
482 (intentionally not used as a formal name).

1909  Palacochoeridés—Stehlin: p. 505 (not used as a for-
mal name).

1924 Palacochoerinae—Matthew: p. 176.

1996b  Palaeochoeridaec Matthew 1924-Van der Made: p. 302.

2011  Yunnanochoerini nov.—Pickford: p. 571.

2017  Siderochoeridae nov.—Pickford: p. 43.

2017  Schizoporcidae van der Made 2010—Pickford: p. 34.

2017  Doliochoeridae Simpson 1945—Pickford: p. 24.

Taucanaminae van der Made, 1997a

Selected synonymy

1997a  Taucanamini new tribe—Van der Made: p. 131.

2010 Taucanaminae Van der Made, 1997—Van der Made:
pp- 46,47, 114.

2017 Choeromorinae nov.—Pickford: p. 55.

Choeromorus Gervais, 1850

Selected synonymy

1850 Choeromorus Lartet—Gervais: p. 7. Type species:
Choeromorus mammilatus Gervais, 1850.
1851 Choerotherium Lart—Lartet: p. 33. Type species:

Choerotherium sansaniense Lartet 1851.
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Table 2 Measurements in mm of
the cheek teeth of Bunolistriodon DAP DTa DTp DTpp Ha Ta
from Gracanica
NHMW 2013/0012/0001 s M3 25.0 21.7 18.7
M? 19.4 - -
NHMW 2013/0012/0002 s M 25.2 213 >18.1
M? 219.8 - -
NHMW 2013/0012/0003 s p* 14.0 16.1
NHMW 2013/0012/0006 d M >24.2 22.1 19.1
p* 13.9 15.8
p? 16.1 10.0 14.6
NHMW 2013/0012/0007 s M 25.8 19.7 16.1
M? 183 18.0 17.0
M' 17.4 15.7 16.3
p* 13.8 16.0
cm 20.7 - -
NHMW 2013/0012/0008 s M, 322 183 16.1 12.2 13.4
M, 219.8 - - 0.8
M, 215.6 - -
NHMW 2013/0012/0008 d M; 31.9 17.8 15.9 11.9 11.4
M, 21.2 15.4 14.9 0.9
M, 16.9 11.4 12.1
P4 16.0
P, 14.5
P, 13.0
NHMW 2013/0012/0010 s P4 16.4 10.1 11
NHMW 2013/0012/0011 d M; >23.6 - - -

1945 Taucanamo, new name—Simpson: p. 146. Type
species: Choerotherium sansaniense Lartet 1851.
2017 Siderochoerus nov.—Pickford: p. 43. Type species:

Siderochoerus minimus Pickford 2017.

Choeromorus lemuroides (Blainville, 1847)

Selected synonymy

1847  S. lemuroides—Blainville: p. 231, pl. 9.

1850  Choeromorus mamillatus—Gervais: p. 7, Pl. 33 fig. 4.

1850  Choeromorus simplex—Gervais: p. 7, Pl. 33 fig. 5.

1851  Choerotherium Sansaniense-Lartet: p. 33.

1949 Taucanamo (= Choerotherium) sansaniensis (Lart.)—
Thenius: 163 (only the material from Sansan).

1956  Taucanamo sansaniense (Lartet)—Thenius: p. 366
(only the material from Sansan).

1956  Taucanamo pygmaeum (Depéret)—Thenius: fig. 31
(the material from Goriach, not figs. 29-30).

2012  Choeromorus mammilatus Gervais, 1850—Pickford:
pp- 251-265, figs. 1-23.

2017 Choeromorus lemuroides (Blainville, 1847)—

Pickford: pp. 57-73, figs. 42-57.

Holotype: MNHN Sa 4593, symphysis with right I, and roots
or alveoles of the remaining incisors, canines and right and left
Py_3, figured by De Blainville (1847, Genus Sus plate 9) and
Pickford (2017, fig. 42).

Type locality: Sansan, France

Age of the type locality: Middle Miocene, Middle Aragonian,
early Astaracian, MN6

Material

NHMW 2013/0008/0001a—left maxilla with P> to M?, of the
M? only the anterior lobe is preserved.

NHMW 2013/0008/0001b—right M>

NHMW 2013/0008/0001c—left Py

NHMW 2013/0008/0001d—Ileft P,

NHMW 2013/0008/0001e—left M,

Description and comparison
Of the M? (Fig. 2), only the first lobe is preserved. It is similar
to that of the M>.

The M? (Figs. 2 and 3) has the roots close together and still
fused at a distance of the crown. Fused lingual roots are typical

@ Springer
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Table 3 Measurements in mm of the incisors and lower canine of Table 5 Measurements in mm of NHMW 2014/0081/0001 lower
Bunolistriodon from Gracanica cheek teeth of C. simorrensis from Gracanica
DMD DLL Dmax DAP DTa DTp DTpp Ha Ta
NHMW 2013/0012/0009 s 1! 334 13.2 M; s 24.2 15.3 13.0 10.9 8.7 -
NHMW 2013/0012/0004 d T, 14.5 10.7 M; d >24.2 14.9 12.8 10.9 10.1 -
I, 14.5 10.7 M, S 18.4 14.5 14.5 - 10.9 -
| CR - >15.9 M, d 18.1 14.8 14.3 - 11.1 -
Li La Po Ri Ro M, S 15.8 12.0 12.0 - - 0.8
NHMW 2013/0012/0004 s C,, 17.7 147 13.8 65 20? M, d 15.8 12.0 12.1 - - 0.6

of the Palacochoeridae (“Old World peccaries”) and unlike in
the Suidae. All roots are fused until some distance below the
crown (taurodonty), what also occurs in the Palacochoeridae.
The crown is relatively low. The protopreconule (protoconule)
is fused to the protocone as in the Palacochoeridae and not to the
cingulum as in most Suidae. The protoprecrista and
paraprecrista meet anterior of the proto- and paracone, but pos-
terior of the cingulum. This is a step towards lophodonty. This is
like in the later species of Choeromorus and in Pecarichoerus,
while Schizoporcus and Yunnanochoerus have better developed
lophs. No tetrapreconule (central cusp) is developed and there is
only a tetraprecrista, which probably was low. Palacochoeridae
tend to have a small or no tetrapreconule, while most Suidae
have a well-developed tetrapreconule. While the tetraprecrista is
directed forwards, there is no metaprecrista and no loph is
formed by the fusion of these two crests. A longitudinal valley
keeps these cusps separate. Such sublophodont morphologies
are common in the Taucanaminae. The tetraprecrista meets a
protoendocrista. This is unlike in Schizoporcus muenzen-
bergensis, where the latter crest is not developed. In the sample
from Sansan, it is variable. In Choeromorus inonuensis, it is
better developed, but also not universal. There is no cusp in
the middle of the posterior cingulum (tetrapostconule) and the
tetrapostcrista ends as a narrow crest. This is like in many
Palacochoeridae and unlike in the Suidae. The M? is narrow as
Ch. lemuroides, Ch. inonuensis, and Choeromorus grandaevus,
while those of Choeromorus primus and S. muenzenbergensis
are wider (Fig. 3). The size (Table 1) is comparable to those of
the first two species.

The M' (Fig. 2) is much worn and little is preserved of the
crown. As far as can be seen, the lingual roots are fused as in
the Palaecochoeridae and unlike in the Suidae, where they are
separate. They are convergent, as in the Taucanamini and

Table 4 Measurements in mm of the bones of Bunolistriodon from
Gracanica

DAPp DTp R Rm

NHMW 2013/0012/0012 Phalanx2 d 16.7 19.2
NHMW 2013/0012/0013  Astragalus d 242 16.1

@ Springer

Ps s >21.6 11.8 14.3 - - -

Doliochoerini, and not divergent as in the Palacochoerini.
The proportions are as in the M?. While the M? is in the upper
range of the Ch. lemuroides sample, the M' is in the lower
range (Fig. 3). A large M2 and large M3, compared to the M1,
are related features in Suoidea. In Choeromorus, this is a pro-
gressive feature.

The P* (Fig. 2) has the para- and metacone placed very
close together. They are not separated by a deep or clear fur-
row on the lingual, nor on the buccal side. Seen from the side,
they form a pointed structure, rising far above the cingulum.
There is no paraprecrista and no parapreconule (“sagittal
cusp”). The protopre- and protopostcristas are short and there
is no protoendocrista. All these features are primitive in the
Suoidea and common in the Palacochoeridae. The postero-
lingual cingulum forms a wide plateau. The tooth is longer
than wide (Table 1; Fig. 3), which occurs in some of the
species of Choeromorus, unlike what is common in the
Suidae, Palaeochoerinae, and Schizoporcus. The size is in
the lower ranges of Ch. lemuroides.

The P? (Fig. 2) has a large paracone with pre- and
postcristas. The protocone is a low cusp, arising from the
posterolingual cingulum. The tooth is relatively elongate as
in Ch. lemuroides and unlike in Ch. primus or Ch. grandaevus
or S. muenzenbergensis. The size is in the range of Ch.
lemuroides (Fig. 3).

The M; is much worn and nothing of the crown morphology
is preserved. The tooth is elongate. The value indicated in Fig. 4
for the length (DAP) is a minimum value because of wear; the
tooth was longer. The tooth is in the ranges of Ch. lemuroides
and is smaller than the M, of Ch. inonuensis (Fig. 4).

The P4 (Fig. 4 (2)) has only one main cusp. This is the
primitive state for the Suoidea. In the Palacochoeridae, it occurs
in the Taucanamini and in the Suidae in the Tetra-
conodontinae and is occasionally known from some
Hyotheriinae. Schizoporcus has a P, with a well-developed
metaconid. There is a well-developed protoprecrista and where
this reaches the wide anterior cingulum, a protopreconulid is
formed. There is a protopost- and protoendocristid. The latter is
directed posterolingually. There is a very low and well-worn
hypoconid. The low hypoconid correlates to the paracone and
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Fig. 1 Geographic position of the
localities with Choeromorus and
Schizoporcus (top), the different
species of the B. adelli-latidens-
meidamon lineage (middle) and
Conohyus and Retroporcus
(bottom)
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Fig. 2 Choeromorus lemuroides from Gracanica: NHMW 2013/0008/0001a-left maxilla with P3-M?: a buccal, b occlusal, and ¢ lingual views

metacone on the P* being very close together and high, a prim-
itive feature in the Suoidea. Primitive Suidae, like Hyotherium
have already a larger hypoconid, and as a result, the para- and
metacone on the P* form a lower and less pointed structure.
Next to the hypoconid, there is another small cusplet on the
talonid. The tooth is very elongate for a P, and in this respect,
it is similar to Ch. lemuroides and Ch. inonuensis and it is also
in their metrical ranges (Fig. 3).

The P (Fig. 4 (1)) has a shape that is similar to that of the
P4, but it is simpler. In particular, the hypoconid is very small
and not well differentiated from the protopostcristid. In side

@ Springer

view, the tooth is triangular and this cusp does not even show
up. This is a primitive morphology. Compared to the premo-
lars of suids like Hyotheriinae, Listriodontinae, and Suinae,
the P, is relatively high and pointed. Metrically, it is within the
ranges of Ch. lemuroides.

Specific and generic classification of the palacochoerid
from Gracanica

The fused lingual roots and shape of the protopreconule of
the upper molars are similarities to the Palacochoeridae. The
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DAP , DAP 7 A Gracanica
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13 - . " 00,7
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+ Ch. grandaevus
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Fig. 3 Choeromorus lemuroides from Gracanica: INHMW 2013/0008/
0001b—right M?2: a anterior, b posterior, ¢ buccal, d occlusal, and e
lingual views. Bivariate diagrams comparing the widths of the anterior
(DTa) or posterior lobes (DTp) and length (DAP) of the teeth from
Gracanica with: Ch. primus from Petersbuch 2 and Els Casots; Ch.

molars with crests that suggest lophodonty are a similarity to
several Taucanaminae, while the later species of Schizo-
porcus and Yunnanochoerus have better developed anterior
lophs in the upper molars. The P4 with a single main cusp is
a difference with Schizoporcus. The elongate molars and
premolars are a similarity to the later species of the genus
Choeromorus (= Taucanamo). The size is relatively large for

1d

lemuroides from Sansan; Ch. inonuensis from Inonii I and Pasalar; Ch.
grandaevus from Steinheim, La Grive and Anwill; S. muenzenbergensis
from Miinzenberg, Sandelzhausen and Neudorf Spalte. The lines indicate
average proportions

this genus and best fits Ch. lemuroides (=T. sansaniense)
(Fig. 5). The material is assigned here to the latter species.
The classification by Van der Made (2010) is used to arrive
to this identification. However, subsequently, a more com-
plex classification of these Suoidea has been proposed
(Pickford 2011, 2012, 2016b, 2017), which would change
the species, genus, tribe, subfamily, and family name of the

@ Springer
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DAP DAP 7 DAP
P P /] P, DAP =2.18DTp / M1 DAP =1.57 DTa
4 , / X,/
14 T ,// 13 T II 12 B o /,
DAP = 1.86DTp /
12 11 4

11 -

4 5 6 7 DTp

Gracanica
Ch. lemuroides
Ch. grandaevus

Ch. inonuensis

o <o + & «

Ch. primus

>

Ch. minimus

X S. muenzenbergensis

— Ch. primus
---- Ch. lemuroides
1cm
I

Fig. 4 Choeromorus lemuroides from Gracanica: / NHMW 2013/0008/
0001c—Ieft P3: a buccal, b occlusal, and ¢ lingual views; 2 NHMW
2013/0008/0001d—Ileft P4: a buccal, b occlusal, and ¢ lingual views.
Bivariate diagrams comparing the width of the anterior (DTa) or posterior
lobe (DTp) and length (DAP) of these premolars and the M; with
C. minimus from Petersbuch 62; Ch. primus from Petersbuch 2 and 7,

suoid from Gracanica. Those proposals are discussed in the
Suppl.-Information.

Suidae Gray, 1821
Listriodontinae Gervais, 1859

Bunolistriodon Arambourg, 1963

Selected synonymy

@ Springer

Artenay, Montréal-du-Gers, Bézian and Els Casots; Ch. lemuroides from
Petersbuch 31 and 68, Goriach, Thannhausen and Sansan and; Ch.
inonuensis from Inonii 1, Pasalar, Petersbuch 39 and 108 and Prebreza;
Ch. grandaevus from Steinheim, Przeworno and La Grive;
S. muenzenbergensis from Miinzenberg, Neudorf Spalte, Sandelzhausen
and Petersbuch 54. The lines indicate average proportions

1933 Bunolistriodon—Arambourg: p. 137 (name not
available, because no type species was indicated).

1963 Bunolistriodon Arambourg 1933—Arambourg: pp.
903-904, with type species Bunolistriodon
lockharti.

1995  Eurolistriodon nov.—Pickford and Moya Sola: p.

344 (name not available, because no type species
was indicated).
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2006  Eurolistriodon gen. nov.—Orliac: pp. 968-969, with
type species Eurolistriodon adelli Pickford and

Moya-Sola 1995.
Bunolistriodon latidens (Biedermann, 1873)
Selected synonymy

1873 Sus latidens m.—Biedermann: p. 11, pl. 7

1899—-1900  Listriodon latidens Biedermann—Stehlin: pp.
13, 85, 173, 285, 327, 426, 462, pl.1, fig. 15, pl.
3, figs. 31-33

1990a  Bunolistriodon latidens (Biedermann 1873)—Van

der Made: pp. 86, 93

1995  Eurolistriodon latidens—Pickford and Moya Sola

Holotype: NSSW no. 99—mandible with left and right P,-

Mz, C, I; and left I, figured by Biedermann (1873, pl. 1, fig.

15), Stehlin (1899-1900, pl. 1 fig. 15, pl. 3, fig. 31-33) and

Van der Made (1996a, pl. 18, figs. 2-3).

Type locality: Veltheim, Switzerland.

Age of the type locality: Middle Miocene, MN5

Material

NHMW 2013/0012/0001—right maxilla with M ; same in-
dividual as 0002

6 7 8 9 10 11

NHMW 2013/0012/0002—left M? and lingual half of left M?;
same individual as 0001

NHMW 2013/0012/0003—Ieft maxilla with P* and roots of a
completely worn M'

NHMW 2013/0012/0004—right I;_3 and left C,,

NHMW 2013/0012/0005—right premaxilla with root of the I'
and an alveolus of the I”* and part of the maxilla with flat-
tened C™

NHMW 2013/0012/0006—right maxilla with P>* and M>
and with roots/alveoles of M' ™

NHMW 2013/0012/0007—Ileft maxilla with P*-M?>; probably
same individual as 0008

NHMW 2013/0012/0008—TIeft mandible with M;_3 and right
mandible with P,-Mj3, pressed together

NHMW 2013/0012/0009—Ieft I'

NHMW 2013/0012/0010—TIeft P4

NHMW 2013/0012/001 1—fragment of left M3; lingual wall
of second and third lobes

NHMW 2013/0012/0012—second phalanx III or IV, right of
the axis of the foot

NHMW 2013/0012/0013—right astragalus, proximo-medial
fragment

Description and comparison
The M3 (Fig. 6 (6)) has the protoendocristid and meta-

endocristid directed to each other and connecting behind the
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Fig.5 The size of the M* and the size of the M? relative to the M" in Choeromorus and S. muenzenbergensis. The localities are ordered from old at the

bottom to young at the top. Provenance of data as in Suppl.-Tab. 2
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=

Fig. 6 Bunolistriodon latidens from Gracanica: / NHMW 2013/0012/
0007—Ileft maxilla with P*-M?: a occlusal view, b buccal view of the
P* 2 NHMW 2013/00 12/0006—right maxilla: a occlusal view of the P,
b buccal view of the P4, ¢ occlusal view of the P*; 3 NHMW 2013/0012/

centers of the proto- and metaconid. The protoconid and
metaconid are massive cusps; between them and anterior to
the endocristids, there is a clear anteroposterior furrow. The
result is close to a loph, as occurs in Bunolistriodon and not a

@ Springer

Al

0010—Ileft P,: a anterior, b buccal, ¢ occlusal, d lingual, and e posterior
views; 4 NHMW 2013/0012/0003—Ieft P* a buccal andb occlusal
views; 5 NHMW 2013/0012/0002—left M>: occlusal view; 6 NHMW
2013/0012/0008—Ieft M;: a buccal, b occlusal, and ¢ lingual views

complete loph, as in Listriodon. There is a hypopreconulid in
the middle of the transverse valley, as in many Suidae, includ-
ing Bunolistriodon, while in Listriodon, there is just a
hypoprecristid. The hypoconid and entoconid remain well
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separated by a clear antero-posterior directed valley. With a
primitive loph in the anterior lobe and no loph in the posterior
lobe, the tooth is sub-lophodont. Nearly all Suidae are
bunodont, without any lophs, while within the Listrio-
dontinae sub-lophodonty and lophodonty are found. Al
sublophodont Palaeochoeridae are much smaller. The third
lobe consists of a large pentaconid and a pentapreconulid
close to the axis of the tooth.

The M, and M; have a similar structure, but lack a third
lobe. These molars are relatively small. Though there is a large
overlap in size between the larger B. lockharti and the smaller
Bunolistriodon adelli and B. latidens, the size of these molars
is more similar to that of the latter species.

The M? (Fig. 6 (1, 5)) has a protoprecrista that is directed to
the anterior side of the paracone. When it reaches that cusp, it
is very low, but the two connect, forming a primitive loph. No
protopreconule is formed on the cingulum. The tetraprecrista
is directed to the centre of the tooth, where it ends, without
connecting to the metacone, nor giving rise to a well-
individualized tetrapreconule in the middle of the transverse
valley. This structure is called sub-lophodont, as occurs in
Bunolistriodon. The third lobe consists of a pentacone, situat-
ed lingually of the axis of the tooth.

The M? and M (Fig. 6 (1)) have morphologies similar to
that of the M> , save for lacking a third lobe.

The P4 (Fig. 6 (3)) has a well-developed metaconid placed
lingually of the protoconid, forming a transverse loph. There
is a flat transverse facet extending over the posterior side of
this loph (Fig. 6 (3¢)). There is a furrow on the anterior side
between these two cusps (Fig. 6 (3a)), as in Bunolistriodon,
while in Listriodon, there is a wide depression but no furrow.
The hypoconid is placed on the buccal side of the talonid.

The P; and P, do not have any indication of a metaconid
and the talonids do not have a clear hypoconid. Their mor-
phologies are simple as in Bunolistriodon.

The P* (Fig. 6 (1, 2, 4)) has a large protoprecrista directed
anterobuccally, ending near the axis of the tooth and without
forming a loph with the paracone, even though in a worn
tooth, the dentine pattern suggests such a structure (Fig. 6
(4b)). The metacone may be more (Fig. 6 (1, 2)) or less indi-
vidualized (Fig. 6 (4)).

The P? (Fig. 6 (2)) consists of a large paracone and a small
protocone, which is not connected to the cingulum. The latter
morphology is common in the Listriodontinae. The protocone
and cingulum do not extend much lingually and the tooth is
not so wide as in the later Listriodon. There is no cusp or
cusplet formed within the protopostcrista. Especially in the
later Listriodon primus, such a cusp is formed. Both morphol-
ogies are as in Bunolistriodon.

The C,, (Fig. 7) is high and probably it was hypselodont. It
has a triangular section with the lingual and labial sides cov-
ered with enamel, but the posterior side not. The earliest
Suoidea have such triangular teeth with the lingual sides much

wider than the labial sides. These teeth are said to be “scrofic,”
because they are as in Sus scrofa. In several lineages, the
width of the labial side increased, giving rise to “verrucosic”
canines. When the labial side became wider, the posterior side
became relatively narrower. The different canine types can be
well recognised in bivariate diagrams, or using ratios of the
widths of the different sides (Fig. 7). Bunolistriodon lockharti
and B. adelli tend to have canines with relatively wide poste-
rior (Po) and narrow labial sides (La), while in B. latidens, the
posterior side is relatively narrower and in Bunolistriodon
meidamon, it is much narrower (Fig. 7). In both, the labial
side is relatively wider. As seen in an index comparing the
widths of the labial and lingual sides (Li), there is a tendency
from B. adelli to B. latidens and B. meidamon to increase the
width of the labial side (Fig. 7). The tooth from Gracanica fits
best B. latidens.

The C™ has tree enamel bands, as is normal in the Suidae:
the pre-, post-, and endosyncline. The tooth has little wear and
the tip, where the three synclines meet, is preserved. The tooth
is flattened by diagenetic compression. It was directed
outwards.

The I, is damaged and the labial side of the crown is
gone; what is left of the relevant morphology is similar to
that in the I,.

The I, (Fig. 8 (1)) has a transverse or mesiodistal diam-
eter (DMD) that is much longer than the labiolingual di-
ameter (DLL). This occurs only in Listriodontinae,
Celebochoerus, Kolpochoerus, and Hylochoerus. The
pre- and postanticlinid are very low, as only occurs in the
Listriodontinae. There is no endocristid. This crest is weak
or absent in the Listriodontinae; Listriodon retains a weak
crest, but in Bunolistriodon, it tends to be weaker or ab-
sent. The DMD and DLL fit B. latidens, while the incisors
of B. lockharti and B. adelli are narrower and those of
B. meidamon wider (Fig. 8).

The 15 (Fig. 8 (2)) is damaged, but what is left shows that
the crown was very wide, as in B. latidens and B. meidamon.

The I' (Fig. 9 (1)) has a low and very elongate crown,
with a marked lingual cingulum. The mesial facet is per-
pendicular to the long axis of the crown. This means that the
two incisors formed a transverse crest, as in the
Listriodontinae, and not a V-shape as in most Suoidea
(see Van der Made 1996a, fig. 25; Van der Made 1997b,
fig. 7). It has two clear, equally deep and long, groves on
the labial side, separating the main cusp in the middle, from
the pre- and postconules. This is as in Bunolistriodon, while
Listriodon has only one large grove, which in very elongate
specimens, is flanked by two minor groves. Bunolistriodon
lockharti and B. adelli have incisors with a DMD that is
about twice as long as the DLL, but B. latidens and
B. meidamon have relatively much longer DMD (Fig. 9).
The tooth from Gracanica fits B. latidens in size and pro-
portions (Fig.10).
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Fig. 7 Bunolistriodon latidens from GraCanica, NHMW 2013/0012/
0004: I left C,: buccal view. Bivariate diagrams comparing the width
of the lingual (Li), buccal (Bu), and posterior sides (Po) of the C,, from
Gracanica with those of the B. adelli-latidens-meidamon lineage and
B. lockharti from: Pellécahus, La Artesilla, La Romieu, Chevilly (type
locality of B. lockharti), Buiiol, Corcoles, Langenau 1, Tavers and

The premaxilla and anterior maxilla are crushed. The
maxilla contains the C™ and the premaxilla the alveolus of
the I'. The 1>~ are not present and no alveolus of the I?
can be seen, while it is not clear whether a depression is
the alveolus of the I. It is not clear whether these alveoles
cannot be identified because the bone is crushed or
whether the individual lost these teeth during life and
the alveoles closed. In any case, the snout is very wide
as is normal in the Listriodontinae.
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Montréal du Gers (type locality of B. tenezarensis; MHNT). The lines
indicate average proportions. Diagrams showing the changes in time in
La and index 100 La/Li through time. The localities are in approximate
order from old at the bottom to young at the top. Veltheim is the type
locality of B. latidens, Pasalar is the type locality of B. meidamon and
Candir is the type locality of B. meidamon ultimus

Some foot bones are preserved but add little additional
information.

Classification of the listriodont from Gracanica

The low crowned and wide incisors from Gracanica are indica-
tive of the Listriodontinae. The two equally long and deep labial
furrows on the I' and the sublophodont molars indicate the
genus Bunolistriodon (=Eurolistriodon). This is supported by
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Fig. 8 Bunolistriodon latidens from Gracanica, INHMW 2013/0012/
0004: / right I,: a apical, b labial, and ¢ lingual views; 2 right I5: labial
view. Bivariate diagram comparing the mesodistal diameter (DMD) and
labiolingual diameter (DLL) of the I, from Gracanica with: B. lockharti
from: La Romieu, Baigneaux-en-Beauce, Gerlenhofen, Langenau 1,
Engelswies, Pontlevoy, Tavers and Montréal du Gers, B. adelli,
B. latidens and B. meidamon. The lines indicate average proportions.

Diagrams showing the changes in time in DMD and index 100 DMD/
DLL through time. The localities are in approximate order from old at the
bottom to young at the top. Montréal du Gers is the type locality of
B. tenezarensis, Veltheim is the type locality of B. latidens, Pasalar is
the type locality of B. meidamon and Candir is the type locality of
B. meidamon ultimus. The provenance of the data is indicated in
Suppl.-Tab. 2
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Fig. 9 Bunolistriodon latidens from Gracanica. / NHMW 2013/0012/
0009—Ileft I': a apical, b lingual, ¢ mesial, d lingual, and e distal views.
Bivariate diagram comparing the mesodistal diameter (DMD) and
labiolingual diameter (DLL) of the tooth from Gracanica with:
B. lockharti from: La Romieu, Baigneaux-en-Beauce, Corcoles,
Gerlenhofen, Langenau 1, Ravensburg, Pontlevoy, Tavers, Montréal du
Gers and Can Canals, and with B. adelli, B. latidens, and B. meidamon.
The lines indicate average proportions. Montréal-du-Gers is the type

the sublophodont molars, while Listriodon has fully lophodont
molars. Here, the classification of Bunolistriodon of Van der
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locality of B. tenezarensis, Can Canals is the type locality of
B. giganteus, Els Casots is type locality of B. adelli, La Retama is type
locality of B. retamaensis, Veltheim is the type locality of B. latidens,
Pasalar is the type locality of B. meidamon, and Candr is the type locality
of B. meidamon ultimus. In the lower graphs, the changes in DMD and the
index 100 DMD/DLL are shown. The localities are ordered from old
(bottom) to young (top). Provenance of data as in Suppl.-Tab. 2

Made (1996a, 1997b) is used. Other opinions on the classifica-
tion of these Suidae are discussed in the Suppl.-Information.
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Fig. 10 Diagram comparing the 100 DMD/DLL indices of the I, I, and I' as a percentage of the mean of the same tooth in the sample of Pasalar. The
localities are in approximate order from old at the bottom to young at the top and the provenance of data is as indicated in Suppl.-Tab. 2

The clearest differences between the different species of
Bunolistriodon are seen in the proportions and sizes of the
incisors and canines (Van der Made 1996a, figs. 35, 49), dif-
ferentiating four species. Increased samples of the European
and Anatolian I', I, and C,,, of Bunolistriodon still show four
clusters for each of these teeth (Fig. 7, 8, and 9). The clusters
of the oblique crosses include a specimen from Chevilly (red
circle), type locality of B. lockharti, supporting that these clus-
ters belong to that species. The clusters of the black triangles
consist mainly of fossils of the type locality of B. meidamon.
The clusters of blue rhombs include material from type local-
ity Veltheim of B. latidens. Bunolistriodon adelli from type
locality Els Casots (red dot) clusters with the small black
squares (Fig. 9), which in part represents material previously
assigned to that species (Van der Made 1996a), supporting
this assignation. These graphs support four distinct west
Eurasian species: B. lockharti (=B. giganteus =
B. tenezarensis), B. adelli (= B. retamaensis =? B. michalli),
B. latidens, and B. meidamon.

The incisors from Gracanica (red inverted triangles in
Figs. 8 and 9) are far away from those of B. lockharti and
B. adelli, as well as from B. tenezarensis/giganteus and
B. retamaensis (whether these species are valid or not). They
are also far away from B. meidamon, while they are closest to
the clusters of B. latidens (Figs. 8 and 9). This is also the case
with the canines (Fig. 7). All other morphology described
above is compatible with assigning the listriodont fossils from
Gracanica to B. latidens.

Tetraconodontinae Lydekker, 1876
Conohyus Pilgrim, 1925

Conohyus simorrensis (Lartet, 1851)

Selected synonymy

71850  Listriodon Lartetii—Gervais: p. 50, plate 20 fig. 1.

1851 Sus Simorrensis—Lartet: p. 33 (partially).

71851  Sus? doati—Lartet: p. 33.

1859 Sus abnormis, Kaup—Kaup: pp. 7-9, pl. 2, fig. 1.

71882 Sus Valentini—Filhol: pp. 123—124.

1972 ?Hyotherium sommeringi MEY. matritensis n.
sp.—Golpe-Posse: p. 122

1972 Hyotherium sommeringi MEY. matritensis nova.
sp.—Golpe-Posse: pp. 155-156.

1972 Hyotherium sommerringi matritense GOLPE,
1971—Golpe-Posse: p. 197, pl. 6, fig. 6b.

1972 Conohyus melendezi n. sp.—Golpe-Posse: pp. 149,
157.

1972 Conohyus melendezi n. sp. GOLPE, 1971—Golpe-
Posse: pl. 2, fig. 2b.

1986  Conohyus ebroensis nov ap.—Azanza Asensio: pp.
95-105, pl. 2, fig. 1, figs. 2-3?

1989 Conohyus simorrensis goeriachensis nov. subsp.—
Van der Made: pp. 27-28, pl. 1.

72014 Parachleuastochoerus valentini (Filhol, 1882)—
Pickford: pp. 181185 (partially).

2014 Conohyus simorrensis (Lartet 1851)—Pickford and
Laurent: pp. 6-9, fig. 2.

2014 Retroporcus matritensis nov. comb. (Golpe-Posse,
1972)—Pickford and Laurent: pp. 15-24, figs. 14-26.

1999 Conohyus giganteus (Falconer and Cautley,

1847)—Van der Made: 211-212 (European
material).
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Lectotype: MHNT PAL2011.0.84.1 right mandible with P,-
M, and PAL 2011.0.84.2 left mandible with P4-M; of the
same individual, figured by Pickford and Laurent (2014),
fig. 2).

Type locality: Villefranche d’Astarac, Gers, France.

Age of the type locality: Middle Miocene (Ginsburg 1971).
Diagnosis: Conohyus with relatively large premolars and rel-
atively small M. M, length about 14-21 mm, M5 length
about 24-35 mm, Mj length as a percentage of M, length
about 140-200. (Adapted from Van der Made 1999).
Materia:NHMW 2014/0081/0001 right and left M;_3 and
left P3 of the same individual.

Description and comparison

The P; (Fig. 11a—e) has a very simple structure. It has a
single main cusp with a pointed tip. From this anterior
and posterior crests, protoprecristid and protopostcristid
descend towards the base of the crown. There is no
clearly developed posterior cusp (hypoconid or proto-
postconulid). There is a bulge on the posterior part of the
buccal side. This simple structure is typical of the
Tetraconodontinae. Other Suidae tend to have a main cusp
that is not so pointed, but that has a wider and blunter tip,
especially if seen from the side. They also tend to have a cusp
on the talonid (hypoconid) or a cusplet in the protopostcristid
(protopostconulid). The tooth is very large (Table 3), and it is
much bigger than the P; of the different species of
Parachleuastochoerus (save for a single aberrant specimen
from La Grive) and of Retroporcus sindiensis, while it clusters
with the P5 of Conohyus (Fig. 11). Its length must have been a
little over 183% of its width.

The M3 (Fig. 12 (1)) has a structure that is similar to
that of the anterior molars, save for that it has a third lobe.
There is one main cusp in the third lobe, the pentaconid,
and it is situated a little buccally of the axis of the tooth. It
is preceded by a pentapreconulid. The tooth is not very
clongate and its length is 158% of its width and 153% the
length of the M;. Both M3 are unworn and their crowns
are low with a hypsodonty index of 56 to 68. Compared
to other Conohyus samples, these M3 are among the
shortest (Fig. 12).

The M, (Fig. 13 (2)) and M, (Fig. 13 (1)) have the same
morphology, but differ in size (Table 3). They are
bunodont and they had four roots. The M, are worn, but
not enough to expose the dentine and when unworn, the
crowns must have been slightly higher than the values in
Table 3. With a hypsodonty index (100 Ha/DTa) of 75,
which must have been only a little higher, the crowns are
markedly lower than wide. They are also wide (length
about 122-127% of the width in the M, and 131-132%
in the M). The length of the M, is about 115% the length
of the M;. The latter value may be much more in a late
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tetraconodont and in most Suinae, this is near 140%. These
three proportions are typical in the primitive or early
Suidae. Compared to other samples of Conohyus, these
teeth are among the smallest (Fig. 13).

Classification of the tetraconodont from Gracanica

The teeth from Gracanica described here belong probably to
the same individual. The P5 with a high main cusp and a low
talonid and a size, which is large in absolute terms (Fig. 11),
but also relative to the molars, suggests that the species be-
longs to the Tetraconodontinae.

The suid from Gracanica does not belong to
Parachleuastochoerus (= Versoporcus; Suppl.-Information)
because its P5 is much larger and relatively wider (Fig. 11).
In Conohyus, the P5 is large compared to the molars whereas
in Parachleustochoerus, it is much smaller (Fortelius et al.
1996: fig. 28.7; Van der Made 1999: fig. 3). The P3 from
Gracanica is large, relative to the molars like in Conohyus.
The size of the molars from Gracanica (in particular of the
M;) is comparable to the earlier stages of C. simorrensis
(Figs. 11, 12, and 13, Supplementary Fig. 9). The P; from
Gracanica is longer and relatively narrower than those from
Mala Miliva and Somosaguas and of R. sindiensis from
Pakistan (Fig. 11). These fossils from Gracanica are assigned
here to C. simorrensis. This implies that Gracanica is younger
than Somosaguas (zone E, 14.05-13.75 Ma), Sansan (just
over 14.163 Ma), Mala Miliva, Petrovac and Bala, which have
R. sindiensis (see Suppl.-Information).

The Gracanica Suoidea and biostratigraphy

Figure 14 is a further developed version of previously pub-
lished figures (Van der Made 2003 fig. 9, 2005, fig. 1). It
includes the three suoid lineages described here in detail, as
well as some others, which are of interest here. The linecage of
Hyotherium is included in Fig. 14. This lincage was described
in detail by Van der Made (2010), recognising two subspecies
of H. sommerringi. Recent literature on this lineage is
discussed in the Suppl.-Information. The central part of
Fig. 14 gives the evolutionary lineages and solid squares in-
dicate the presence of the different chrono-species or chrono-
subspecies in the localities. Open squares indicate possible
presence. The localities are ordered in the same way as in
Figs. 5,7, 8,9, 10, 12, and 13. The localities with more than
one lineage indicate the positions of the grades of evolution of
different species relative to each other and the relative posi-
tions of localities. Though there is still some possibility to
move localities up and down in this scheme, this is limited,
and the more lineages are included, the more rigid the scheme
becomes. The scheme is based on biometry.
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views. Bivariate diagram comparing the width of the posterior lobe (DTp)
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Elgg, Klein Hadersdorf, Kleineisenbach, Tutzing and Pitten;
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On the left of Fig. 14 are the Astronomically Tuned
Neogene Time Scale (ATNTS2012) after Hilgen et al.
(2012), the Spanish biozones and their ages and the proposed
correlations the MN units as well as the Spanish and
Portuguese localities (largely after: Daams et al. 1999a,
1999b; Hernandez-Ballarin and Pelaez-Campomanes 2017,
Mein 2000). As indicated above, for most of the large mam-
mal localities, only the time range of the biozone is available.
This results in a long time interval for sites from a long zone
like Dc, but a short time interval for sites in a short zone like F.
On the right, Fig. 14 gives localities from other parts of
Europe, when available with their published ages or age
ranges based on palacomagnetics, radiometric dates, etc., as

Retroporcus

R. indicus *
R. sindiensis (Indian subcontinent) x
R. sindiense Mala Miliva +
Somosaguas (“R. complutensis”) X
R. sindiensis (Indian Subcontinent)
—— C. simorrensis

DTp

Parachleuastochoerus

Pa. st. olujici

Pa. steinheimensis
Pa. huenermanni
Pa. crusafonti

Pa. steinheimensis

R. sindiensis from Mala Miliva, Somosaguas and from the Indian
Subcontinent; P. steinheimensis from: Manchones I, La Grive oc,
Steinheim, Can Almiral, Hostalets, Castell de Barbera, and Wissberg;
P. steinheimensis olujici from Lucane; P. huenermanni from
Rudabanya and Can Ponsic I; P. crusafonti from Can Llobateres.
Provenance of data as indicated in Suppl.-Tab. 2

well as the Central Paratethys stages, MN units, and the
ATNTS2012. It should be noted that MN units have different
estimated ages in Spain and Germany and Switzerland (Van
der Meulen et al. 2011). Most of the localities on the right side
do not have reliable and precise age constraints. The ages or
age ranges of many localities are discussed in the Suppl.-
Information and the localities and their published or inferred
ages are listed in Suppl.-Tab. 4.

The central part of Fig. 14 provides a scheme in which
localities have ages relative to many of the other localities
(older/younger than). The addition of chronological informa-
tion of many localities does not only provide absolute ages (or
age ranges) to the scheme, but also more rigidity. This still
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does not provide precise ages for many localities. It is not
possible to indicate graphically the possible age ranges for
each site in the figure, but regarding the figure well, the age
constraints of the sites can be seen. There is much more ma-
terial and much better age control than when these lineages
were first proposed Van der Made (1989, 1996a, 1997a,
1997b, 2003, 2005, 2010).

What strikes in Fig. 14 is that the Iberian large mammal
localities are not evenly distributed in time, or at least the
localities with the large mammals studied here. There are
biozones without a single locality with these taxa. On the
right side of the figure, this is not so apparent, but there
are similar hiatuses for Germany, Austria, and possibly
France as well. Different basins might have hiatuses at
different times. It was noted before that the European fos-
sil record in general is not evenly distributed (Van der
Made 2011: fig. 1).
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The replacement of Hyotherium by Conohyus/Retroporcus
in Central and Western Europe

Conohyus simorrensis replaced Hyotherium sommerringi in
the Central Paratethys (Mottl 1970; Rabeder and Steininger
1975). The appearance of Conohyus was taken as indicative of
MNG6 (e.g. Mein, 1975a, Mein, 1977). Later, on a European
scale, there appeared to be an overlap (Van der Made 1990b;
De Bruijn et al. 1992), but with improved dating, the extinc-
tion of Hyotherium in Europe appeared to be earlier (Van der
Made 2010). The question, whether such a replacement
existed or not, and when it may have happened, has relevance
for the age of Gracanica where Conohyus is present.

At present, it appears that the latest Hyotherium record is in
Riimikon (14.163—14.609 Ma) and Thannhausen (a little older
than 14.55 Ma). Given the fact that Riimikon and
Thannhausen have inferred ages close to or younger than
14.55 Ma, occurrences of C. simorrensis, which are younger
than 14.55 Ma, would fit the model of Conohyus replacing
Hyotherium. However, the new species Conohyus olojici was
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Fig. 13 Conohyus simorrensis from Gra¢anica, NHMW 2014/0081/ (DTp) and length (DAP) of the M, , of Retroporcus and Conohyus
0001: 7 left M,: a buccal, b occlusal, ¢ lingual, d anterior, and e through time—Tlocalities from old to young and R. sindiensis of different

posterior views; 2 left M;: occlusal view. Change in the posterior width ages at the bottom. Provenance of data as in Suppl.-Tab. 2
named and some fossils have been reclassified as Retroporcus Fossils previously included in C. simorrensis were
sindiensis. placed in various species in the genus Retroporcus

Bernor et al. (2004) described the species C. olujici from (Pickford and Laurent 2014) and are here classified as a
Lucane (15.0 Ma). It is tempting to believe that this represents ~ single species R. sindiensis, which is present in Bala,
the first Conohyus in Europe, but Van der Made et al. (2014) Petrovac, Mala Miliva, Sansan, Somosaguas, and
classified it as Parachleuastochoerus steinheimensis olujici  Montjeo de la Vega (Suppl.-Tab. 2). The latter two local-
and Pickford (2016b) as Parachleuastochoerus huenermanni. ities are in zone E (14.05-13.75 Ma). Sansan is in the top
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Fig. 14 The temporal distribution of the species of Choeromorus,
Bunolistriodon, Conohyus and various other selected suoid lineages. To
the left the localities from the Iberian Peninsula, the local biozonation (Z
to G3) and its correlation to the MN units and ATNTS2012 mainly after
Daams et al. (1999b), Hernandez-Ballarin and Peldez-Campomanes
(2017). To the right localities from the rest of Europe and of Anatolia,

of C5ADn (close to 14.163 Ma; see discussion in the
Suppl.-Information). The specimens from Bala and
Petrovac seem to be isolated finds. Mala Miliva is in
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MN units and Central Paratethys stages modified after Hilgen et al.
(2012). Lines indicate estimated ages of localities according to various
authors (see text). In some case, there are alternative ages (dashed lines) or
age ranges. Solid squares indicate presence of a species in a locality and
open squares indicate uncertainty (normally indicated with: cf., aff., sp.
or?)

sediments, which interfinger with the marine Badenian,
suggesting it is older than 13.8 Ma (Suppl.-Information).
The faunal list is short but includes two other species of
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Suoidea. The specific identity of the palaeochoerid from
this site has been a problem. It is probably Choeromorus
lemuroides (see Suppl.-Information). The other species is
Bunolistriodon latidens. The temporal ranges of these spe-
cies are discussed below and are compatible with Mala
Miliva being younger than Riimikon, but still within chron
C5ADn (14.609-14.163 Ma).

With such an age for Mala Miliva, the model of Conohyus/
Retroporcus replacing Hyotherium is possible. The dispersal
of R. sindiensis into western Eurasia would then be anterior to
14.163 Ma (Sansan, top of chron C5ADn), but younger than
Riimikon (chron C5ADn, 14.609-14.163 Ma) with the latest
Hyotherium. Considering the historic model of a replacement
of Hyotherium by Conohyus, which did not recognise
Retroporcus as different from Conohyus (Mottl 1970;
Rabeder and Steininger 1975), Gracanica with Conohyus
should be younger than 14.069 Ma, the oldest possible date
of the last Hyotherium.

The replacement of Bunolistriodon lockharti by Listriodon as
a criterion for the MN5—6 transition

Gracanica has been placed in MN4—6 on the basis of rodents
(Wessels et al. in press, this issue), MNS5 on the basis of
Rhinocerotidae (Becker and Tissier in press, this issue),
MN5-6 on the basis of ruminants (Aiglstorfer and Mayda in
press, this issue), beavers (Stefen in press, this issue) and
chalicotheres (Coombs and Gdohlich in press, this issue), and
MNG6 on the basis of carnivores (Bastl et al. in press, this
issue). These papers do not necessarily contradict each other,
but more probably reflect that different definitions of the MN
units were used. The MN units were defined using many dif-
ferent criteria (Mein 1975a, 1975b, 1977, 1979, 1990), but it
should not be surprising that the use of different criteria may
give different results.

The appearance of Listriodon splendens is consistently
used to separate MN6 from MNS5 (Mein 1975a, 1975b,
1977, 1979, 1990). The replacement of Bunolistriodon by
Listriodon is the only faunal event indicated by De Bruijn
et al. (1992, tabs 8-12), which separates MNS5 from MNG6 in
both western and central Europe. The event is thus an impor-
tant one. It should be noted that at the time of these publica-
tions, B. lockharti was the only species of that genus
recognised in Europe. The presence of a second European
species (Van der Made and Alférez 1988) and eventually of
the lineage Bunolistriodon adelli-B. latidens-B. meidamon
(Van der Made 1996a) was later. Bunolistriodon lockharti
was a contemporary of B. adelli and even occurred in the same
localities (Corcoles) and later, B. latidens and B. meidamon
were contemporaries of L. splendens and occurred in the same
localities (Indnii 1, Pasalar, Candir). By contrast, B. lockharti
and L. splendens are not known from the same localities and
there is no evidence that were contemporaries. It seems thus

that the replacement of B. lockharti by L. splendens is a rele-
vant event for the MN5—6 transition in western Eurasia.
Listriodon is known from over 100 localities in Europe and
Turkey (Van der Made 1996a), and its stratigraphic distribu-
tion can be more reliably known than of many other taxa
which are used in biostratigraphy.

A similar replacement occurs broadly at the same time in
China, where Bunolistriodon intermedius is replaced by
L. splendens. Bunolistriodon intermedius has verrucose C,,,
like B. lockharti and could be closely related or identical to
that species. The Chinese Listriodon were named
L. mongoliensis, L. lishanensis, L. xinanensis, and
L. robustus, but there are no convincing features that show
them to be different from L. splendens. I have previously listed
L. robustus as a synonym of B. intermedius on the basis of
published photographs (Van der Made 1996a). Liu Liping
(now Stockholm) showed me the originals and indeed, these
belong to a primitive Listriodon, not to Bunolistriodon. The
appearance of L. splendens and the replacement of a local
species of Bunolistriodon could prove to be a good criterion
for the correlation of the MN5—6 transition across Eurasia
from Spain and Portugal to China.

Castelnau d’Arbieu has B. lockharti and is one level lower
in the local stratigraphic sequence than Sansan (about
14.163 Ma) with L. splendens. Other late B. lockharti are from
Lisbon Vb (later half of zone Dc,15.2-14.75 Ma) and
Ravensburg. The latter locality is in the Upper Fresh Water
Molasse (OSM) and is probably latest MNS5, but no precise
age is known. A molar from Georgensgmiind (NMB) was
assigned to Bunolistriodon sp. (Van der Made 1996a), but
more material (MNB) belongs clearly to B. lockharti. Berger
(2010, 2011) described and figured all presently known ma-
terial and assigned it to that species. Georgensgmiind is in the
OSM. Its age is controversial (before/after the Ries Event), but
probably is slightly less than 15 Ma (see Suppl.-Information).

From Sansan (top C5ADn, a little older than 14.163 Ma)
and Inonii 1 onwards, there is a dense record of Listriodon in
Europe. A fragmentary incisor from Riimikon (14.163—
14.609 Ma) (NMB OSM1080) belongs to a listriodont, but
its identification is insecure. A cast from Stétzling (BSP) was
assigned to Listriodon (Van der Made 1996a). This locality is
similar in age to Thannhausen (close to, but older than,
14.55 Ma).

The replacement of B. lockharti by L. splendens seems to
have occurred between about 15 and 14.55 Ma. This is in
either in zone D¢ or Dd and well before zone F, which in
Spain has the first record of L. splendens. Puente de Vallecas
is probably the only Iberian record of Bunolistriodon in zones
Dd and E and was previously assigned to B. lockharti
(Morales and Soria 1985). Even though these fossils were
later assigned to B. latidens, the first appearance of
Listriodon at 13.75 Ma in zone F was not questioned (Van
der Made 1996a). Daams et al. (1998, fig. 1) indicated
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“Bunodont Listriodon” in zones C to E and “Lophodont
Listriodon” in zones F to G1 and correlated the E-F transition
to that of MN5-6. It seems now that the replacement of
B. lockharti by L. splendens is a much older event between
about 15 and 14.55 Ma. A correlation of Sansan to just below
the top of CS5ADn at 14.163 Ma dates Sansan within the time
range of zone Dd (14.75-14.05 Ma). The position of Sansan is
thus well above the MN5-6 transition, if this is taken at the
replacement of B. lockharti by L. splendens. The following
section will provide arguments that Gracanica is younger than
the appearance of Listriodon and, based on this criterion,
should be placed in MN6.

Faunal events and the age of Gracanica

A series of faunal events, both older and younger than
Gracanica, are of biostratigraphic interest and help to date
the locality (Fig. 14 and Suppl.-Fig. 10).

The first is the evolution of Choeromorus primus to Ch.
lemuroides (Suppl.-Information). Since Gracanica has Ch.
lemuroides; this event puts a maximum age on the locality. The
evolution occurred after Els Casots (zone C, 16.45-15.98 Ma).
The earliest Ch. lemuroides might be from Lavardens, in a level
between those of La Romieu and Castelnau d’Arbieu. None of
these sites have independent age estimates.

The second is the evolution of B. adelli to B. latidens
(Suppl.-Information). Bunolistriodon adelli is well known
from the Iberian Peninsula, but might be present in Chios,
and B. latidens is mainly known from Serbia and Turkey,
though there are some records in the Iberian Peninsula.
Bunolistriodon adelli is present in various localities of zone
C and Dc (15.47-14.75 Ma) and evolved into B. latidens
present in Lisbon Vb (Olival da Susana, Quinta do
Farinheira, etc.; zone Dc, 15.47-14.75 Ma; Fig. 14). The latter
identification is mainly based on one I; from Olival Susana,
but it is wider than any B. adelli I, (Suppl.-Fig. 8). Given the
number of sites with B. adelli in zone Dc, this evolution may
have happened closer to 14.75 than to the 15.47 Ma. This
further limits the possible age of Gracanica.

The third event is the replacement of Bunolistriodon
lockharti by L. splendens, which was discussed in the previ-
ous section. In Europe and Anatolia, it seems to have hap-
pened between about 15 and 14.55 Ma and a similar event
occurred in China. It is of relevance, since it is one of the
criterions used to define the transition of MNS5 to MNG6.
Gracanica is younger than this event (see below).

The fourth event is the replacement of Hyotherium
by a Retroporcus, which is discussed in a previous sec-
tion. This event happened within chron C5Adn (14.609—
14.163 Ma).

The fifth event is the evolution of Retroporcus to Conohyus
(Suppl.-Information). The youngest localities with
Retroporcus and age control are Sansan (just over
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14.163 Ma) and Montejo de la Vega and Somosaguas (zone
E, 14.05-13.75 Ma). One of the oldest localities with
Conohyus is Puente de Vallecas (zone E). This suggests that
this transition occurred within zone E and between 14.05 and
13.75 Ma. A P, from Sankt Oswald is generally assigned to
C. simorrensis and is longer and more elongate (measure-
ments: Van der Made 1998, Tab. 7) than in R. sindiensis.
The site is said to be in sediments that interfinger with marine
sediments of the “Lagenidenzone” (Rabeder 1978), which
would imply an age older than 13.9 Ma (Mandic et al. 2019,
fig. 10). This suggests that the replacement of Retroporcus by
Conohyus happened between 14.05 and 13.9 Ma. Since
Gracanica has Conohyus, this indicates a maximum age of
14.05 Ma for this site.

The sixth event is the evolution of Ch. lemuroides to Ch.
inonuensis (Suppl.-Information). The fifth and sixth events
bracket Gracanica, which has already Conohyus, but retains
Ch. lemuroides. The event must be younger than Sansan
(slightly older than 14.163 Ma), because that locality still
has Ch. lemuroides. None of the localities with Ch. inonuensis
has independent age control, so the only thing that can be said
is that this event must be older than the next faunal event.

The seventh event is the evolution of B. latidens to
B. meidamon (Suppl.-Information). The B. latidens 1' from
Gracanica is outside the range of the older samples of the
species and comparable to Prebreza, a late, possibly the latest,
locality with this species, suggesting that Gracanica was rela-
tively close to this faunal event. The latest B. latidens with an
independent indication of numerical age is from Carpetana
(zone F, 13.75-13.60 Ma). This identification is based on only
one incisor, but it is clearly outside the size range of the large
sample from Pasalar (Suppl.-Fig. 8). The oldest locality with
B. meidamon is Pasalar, but which lacks independent age
control.

The eighth event is the replacement of Ch. inonuensis by
Ch. grandaevus. This must have happened between Pasalar,
without independent age control, and Steinheim with
Megacricetodon gregarius, which in the Swiss molasse is
restricted to the top of CSACn (Kilin and Kempf 2009).
Therefore, the event must have happened before 13.739Ma.
Gracanica should be clearly older than this date.

The ninth event is the evolution of B. m. meidamon to B. m.
ultimus. This happened between Pasalar, without independent
age control, and Candir. The latter locality has a
palacomagnetic section with four possible correlations to the
global scale (Suppl.-Information). The two most likely are to
C5ACn (13.739-14.070 Ma) or to C5ABn (13.363—
13.608 Ma). A correlation of Candir to C5ACn would con-
centrate the last three faunal events in the top of C5Acn and
the base of zone F (13.75-13.739 Ma). It seems more likely
that Candir should be correlated to CSABn.

Despite the fact that the localities are from an area extend-
ing from Lisbon to central Anatolia, and despite the known
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problems of correlation with MN units, all evolutionary events
in these lineages are consistent with the known ages or age
ranges of the localities. There are, however, some remarkable
implications. For instance, Sansan is not to be correlated to
zone F, as previously believed, but more likely to the top of
zone Dd. This follows from the age estimates from zone D and
Sansan being placed in the top of chron C5Adn, but now, this
is also supported by biostratigraphy. The combination of var-
ious lineages provides more precise and robust age estimates.
For instance, Petersbuch 39 and 108 date probably from be-
tween 14.163 (Sansan, where Ch. inonuensis is not yet pres-
ent) and 13.363 Ma (the youngest possible age of Candir,
where Ch. inonuensis is replaced by Ch. grandaevus). The
estimated age ranges for each of the localities, for which no
previous age estimate was available, and for each of the faunal
events, are testable hypotheses.

Gracanica is bracketed between events 1-5 and 6-9 (after
14.05 and well before 13.739 Ma). The use of multiple events
to date Gracanica implies enhanced support for its estimated
age.

Improved biochronology and the biogeography and evolution
of Bunolistriodon

The anagenetic lineage B. adelli-latidens-meidamon was de-
scribed and the origin of this lineage was discussed over
20 years ago (Van der Made 1996a), but it was not resolved
whether B. lockharti and B. adelli appeared in Europe by
dispersal at the same time, at different times, or whether one
evolved from the other within Europe. The increased
biochronologic resolution, as synthesized in Suppl.-Fig. 11,
is relevant for the understanding and dating of the biogeogra-
phy and evolution of Bunolistriodon.

In the Iberian Peninsula, the first localities with
Bunolistriodon are in zone Ca (after 16.45 Ma), but in
Germany, this is in Grimmelfingen (17.6—17.2 Ma),
Langenau (17.2-16.8 Ma), Gerlenhofen (16.8—16.6 Ma),
and Engelswies (16.6 Ma), which are all older. At the first
sight, the same happens as with several micro mammal events,
which are used in biostratigraphy (Van der Meulen et al. 2011,
2012): the taxa appear later in Spain than in the Molasse
Basin. However, there are no large mammal localities in the
Iberian Peninsula placed in zone B and those of zone A are
much rarer than those of zones C and D. It is possible that this
later appearance of Bunolistriodon in the Iberian Peninsula is
apparent. This can only be solved when more large mammal
localities of these ages are found. Thus, it is not clear whether
the later appearance of Bunolistriodon in the Iberian Peninsula
is real or an artifact.

While the oldest European Bunolistriodon localities
have all B. lockharti, nearly all B. adelli localities are
from the Iberian Peninsula. It was cited from two locali-
ties in France and Spain: Echzell and Bézian (Van der

Made 1996a). Bunolistriodon michali (Paraskevaidis
1940) is a small species, of which the incisors and canines
are not known. It was considered to be a possible syno-
nym of B. latidens (Fortelius et al. 1996). More recent age
estimates for Chios (Koufos 2006) suggest that it is older
than B. latidens and that therefore it might rather be a
synonym of B. adelli. The oldest B. adelli from zone C
are more similar to B. lockharti than those of zone D. The
available data suggest the following scenario (Suppl.-Fig.
11):

1. B. lockharti dispersed into Western Europe (17.6—
17.2 Ma).

2. Not later than early zone Ca (16.45 Ma), it spread into the
Iberian Peninsula.

3. B. adelli evolved there from B. lockharti (later in zone Ca,
before 16.3 Ma). Bunolistriodon adelli inherited its three-
lobed I' from B. lockharti, even though in the oldest sam-
ples, the tripartite division is still variable and mainly vis-
ible near the tip of the tooth in little worn molars.

4. B. lockharti dispersed again into the Iberian Peninsula
(zone Cb, 16.3-15.98) and B. adelli dispersed into
Europe reaching Chios (not later than 15.974—
15.16 Ma). The two species were sympatric.

5. B. adelli evolved into B. latidens (zone Dc, 15.47—
14.75 Ma).

6. B. lockharti went extinct, when L. splendens dispersed
into Europe (about 15-14.55 Ma).

7. In the Balkans and Anatolia, B. latidens gave rise to
B. meidamon (after the onset of zone F, 13.75 Ma).

8. The lineage went extinct before 13.363 Ma.

Ecology of the Suoidea of Gracanica

With three species, the Suoidea are prominent in the fauna of
Gracanica. There are at least two individuals of Buno-
listriodon latidens, while the other species are represented
each with at least one individual.

The most important feature of the Suoidea is their adapta-
tion to rooting. This is a unique adaptation and provides the
Suoidea with access to food sources that are not used by other
ungulates. They are omnivores and target animals that live in
the soil or hide underground (invertebrates and small verte-
brates) as well as nutrient-rich underground plant parts (roots,
tubercles, etc.). Depending on the climates in which they live,
rooting provides the Suoidea access to food during dry or cold
seasons, when other food sources are restricted (e.g. African
wart hogs in the dry season; Cumming 1975). Suoidea have a
variety of rooting styles, some root to an average depth of
8 cm and others to 25 cm, and adaptations to rooting, which
can be seen in the fossils (Ewer 1958; Sicuro and Oliveira
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2002). When Suoidea root, they push their snout into the soil
and subsequently elevate the snout. Species that root deep
have wide occiputs, for the insertion of powerful neck mus-
cles, which are high above the occipital condyles, so that the
muscles have a greater momentum. Long narrow snouts are
another adaptation. Species with large canines probably do not
root very deep, as is the case with the living African wart hog.
When the snout is in the soil, the snout disc is moved for
searching food items. This disc is moved with muscles, of
which the size and power can be judged from the origin on
the skull. The incisors are used in digging and in the extraction
of food items. Narrow high-crowned incisors are an adapta-
tion to rooting. The lingual crests in the lower incisors are
another feature, which probably is related to rooting, provid-
ing grip when wrenching roots. In many species, the I3 does
not evolve a higher crown, while related to this, the I be-
comes elongated, occluding with the lateral side of the I,
(Van der Made 2010).

All Suidae of which the skulls are known have wider and
higher occiputs than the Palaeochoeridae (“Old World pecca-
ries”) and the Tayassuidae (American peccaries). The highest
and widest occiputs appear from the Late Miocene onwards.
The skull of Conohyus simorrensis is not known, but the skull
of its ancestor Retroporcus sindiensis has already a clearly
more elevated and wider occiput than in the peccaries, while
its snout was narrow (Colbert 1938). Its incisors have high,
but not extremely high, crowns and the I? is moderately elon-
gated. Its I;_, have clear lingual crests. Conohyus simorrensis
was clearly adapted to rooting and presumably targeted deeper
food items than the living peccaries. It may have had a broadly
similar level of adaptation as Hyotherium, while later Suidae
improved on that. Conohyus is far less abundant in the Middle
Miocene of Europe, than its relative Parachleuastochoerus. It
tends to be represented by few specimens in the localities
where it occurs. An exception is Gdoriach, where it is very
common. The site is in coal, suggesting possibly dense vege-
tation or forest and certainly a humid soil with a thick organic
layer. Such a soil would be rich in food items for Conohyus.
Also, the fossil locality of Gracanica is in coal and probably
the environment had optimal conditions for Conohyus.

All known skulls of the Palacochoeridae have narrow and
low occiputs. There is no indication for powerful snout muscles
on the face. Their incisors tend to be low crowned and in
Choeromorus, they lack lingual crests (Suppl.-Fig. 5). The I?
is not elongated. This suggests that they are no powerful
rooters. However, the Palacochoeridae have elbows, which al-
low some rotation, which is rare in the Artiodactyla, and third
phalanges, which suggest the existence of powerful nails or
claws, different from the typical hoofs of other Suoidea.
These and other features, such as a long pisiform, suggest that
they may have dug with their feet. Living species of Suoidea are
known to dig occasionally with their forefeet (Cumming 1975).
The localities where the Palacochoeridae are most abundant
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tend to be fissure fillings: Coderet, Tomerdingen, various sites
at Petersbuch, and also La Grive. The fissures are in limestone.
Landscapes with limestone tend to have soils that are not very
deep. Choeromorus evolved towards lophodonty, without fully
reaching this state. Lophodonty in Suoidea is taken as an adap-
tation to folivory. All this suggests that Choeromorus
lemuroides may have specialised more on folivory than other
Suoidea and that it depended relatively less on rooting.

Bunolistriodon latidens evolved very wide incisors. The
Listriodontinae in general show the trend to decrease the
crown height and increase the width of the incisors. The lin-
gual crests on the I, , tend to become less prominent. They
also lack lingual wear facets on these incisors. This has been
interpreted as an evolution away from the rooting habit
(Leinders 1977; Van der Made 1996a). The Listriodontinae
evolved towards lophodonty and the species of the lineage of
B. latidens reached a stage, which is called sublophodont.
Morphology and micro wear suggests that the listriodonts
specialised in folivory and the wide incisors have been
interpreted to be a specialisation to bulk feeding, perhaps on
herbs (Leinders 1977; Hunter and Fortelius 1994; Van der
Made 1996a). If this species abandoned rooting and was a
specialised folivore, maybe also frugivore, there must have
been abundant edible leaves all year round. This suggests a
lesser degree of seasonality than today, or at least a lesser
impact of the seasons on the vegetation. Another feature,
which suggests that rooting was not important to B. latidens
and B. meidamon, is the gigantic canines of the males, which
had lengths of over 30 cm (Van der Made 19964, P1. 18 fig. 1,
PL 37 fig. 6): these would not allow deep rooting. While the
lower canines have sharp edges and could have been used as
weapons, especially the upper canines are large and would be
well visible from a distance. The upper canines had a display
function and served to impress competing males. Bovidae use
horns to fight and to display. The smaller horns occur in spe-
cies, which are territorial and which live in pairs in closed
habitats, while the largest and most ornamented horns occur
in species, which live in more open environments and in
which a male defends a territory and attempts to retain many
females (“harem”) in this territory, while in non territorial
species, there are large mixed herds and also the females tend
to have large horns (Jarman 1974; Estes 1974). In Suidae, this
has a parallel in that most living species are territorial, live in
pairs, and the males have relatively small upper canines, while
in the African warthog (Phacochoerus), both males and fe-
males have large canines, the females live in groups, and one
male defends his position near the group of females. Based on
the canine as a display structure, the social structure of
B. meidamon has been interpreted as males living with large
groups of females in environments where these canines are
visible from far (Van der Made 2003). Bunolistriodon latidens
may have been folivorous, feeding on large quantities of herbs
in a landscape with open spaces.
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The rate of evolutionary increase in incisor width in the
Bunolistriodon adelli-latidens-meidamon lineage was not
constant, but increased greatly after 13.75 Ma. This is within
a period of major climatic change, called the Mid-Miocene
Crisis (Krijgsman et al. 1994). Probably, these morphological
changes reflect the intake of larger quantities of less nutritive
food and are related to environmental change. At this time, the
geographical distribution of the lineage became progressively
restricted ending in Anatolia. This may reflect a response to
the Mid-Miocene cooling, perhaps causing greater impact of
seasonal fluctuations on the vegetation, first at higher lati-
tudes, later at lower latitudes. The presence of B. latidens in
Gracanica suggests that this locality shared aspects of its en-
vironment (i.e., those to which this listriodont adapted) with
Anatolia, but not with western and central Europe. During
MNG6, the environment in which B. latidens-meidamon lived
progressively disappeared from Europe.

Two of the three species of Suoidea from Gracanica seem
to have been more specialised in folivory (perhaps also
frugivory) rather than in rooting. This suggests the presence
during all or most of the year of abundant herbs or other low
vegetation, either as an under storey in a forest or in open
spaces. The impact of the seasons on the vegetation may have
been less than today, which is compatible with a higher in-
ferred temperature, based on insects (Wedmann and Skartveit
in press, this issue). The canines of Bunolistriodon suggest
open spaces, while Conohyus is more suggestive of closed
environments, or at least soils with a thick horizon of organic
material, which in turn suggests humid conditions. This is not
strange, given the presence of coal and beavers at Gracanica
(Stefen in press, this issue). This interpretation is compatible
with others of the environment of Gracanica having habitats
ranging from swampy forest to drier and more open environ-
ments (Harzhauser et al. in press, this issue; Becker and
Tissier in press, this issue; Coombs and Gohlich in press,
this issue).

Conclusions

The study of the Suoidea from Gracanica led to the following
conclusions:

* The species Choeromorus lemuroides (Taucanaminae,
Palaecochoeridae), Bunolistriodon latidens (Listrio-
dontinae, Suidae), and Conohyus simorrensis (Tetra-
conodontinae, Suidae) have been identified.

* The Suoidea from Gracanica belong to anagenetic line-
ages, which are known from Europe and Anatolia. Many
new fossils of these lineages have become available since
these lineages were first described and dating of these
materials has improved. The new data support these
lineages.

A Dbiostratigraphic scheme is presented based on the evo-
lutionary stages of these three lineages and some other
Suoidea. The proposed correlations across Europe and
Anatolia appear to be consistent, despite known provin-
cialism in rodents, which are widely used in used for
biostratigraphy.

The Suoidea suggest an age for Gracanica between 14.05
and 13.739 Ma and probably more towards the middle of
this period

The ages of many other localities can be estimated more
precisely. Among these, of particular interest are the hom-
inoid localities Candir (13.608-13.363 Ma) and Pasalar
(13.75-13.739 Ma) and the locality Mala Miliva
(14.609-14.163 Ma).

The Suoidea suggest the presence of abundant vegetation,
possibly forest, but also of open spaces at Gracanica.
Seasonality may have had less impact on the vegetation
than today. The soil may have been humid with a thick
layer of organic material.

A revised phylogeny of the Taucanaminae is presented.
The early history of Bunolistriodon in Europe was not
clear. The available information suggest that Buno-
listriodon lockharti dispersed first into central Europe
and later into the Iberian Peninsula, where it may have
given rise to Bunolistriodon adelli (= Bunolistriodon
michali). The two species became sympatric in an area
stretching from Portugal to Greece.

The evolution in the Bunolistriodon adelli-latidens-
meidamon lineage was not constant and the rate of evolu-
tion increased greatly around 13.75-13.739 Ma, which
reflects a trend to bulkfeeding and is probably related to
climatic change.

Retroporcus sindiensis dispersed into Anatolia and
Europe, which may have happened between 14.609 and
14.163 Ma. Between 14.05 and 13.75 Ma, it gave rise to
Conohyus simorrensis.

The Suoidea from Gracanica belong to groups which have
suffered taxonomic inflation, taxa have been named on too
little evidence and disregarding the rules of the ICZN
(1999). The cases, which affect the classification of the
Suoidea from Gracanica, are discussed in the Suppl.-
Information.

Choeromorus lemuroides is not classified as
Choeromorinae and Siderochoeridae, nor as Yunnano-
choeridae, because of articles 36.1 and 40.1 of the ICZN
(1999), the Choeromorinae is a junior synonym of
Taucanaminae and Siderochoeridae and Yunnano-
choeridae would be synonyms of Taucanamidae, if such
a family would be recognised.

Choeromorus lemuroides is classified as Palaeochoeridae,
because Palaeochoerus does not belong to the Suidae (as
has been claimed) and the Palaeochoeridae, Schizo-
porcidae, Siderochoeridae, and Doliochoeridae share
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many apomorphies and are here retained in a single fam-
ily, the Palaeochoeridae.

* The genus Choeromorus and its likely direct ancestor
Siderochoerus minimus share a clear apomorphy and as
a result, Siderochoerus is included in Choeromorus.
Several other synonymies concerning genera and species
are discussed.

* The species Retroporcus complutensis is a synonym of
R. sindiensis.

* The designation of a lectotype for C. simorrensis by
Pickford and Laurent (2014) may not be valid, but
changed the definition of the species.
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