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Two new species of Pseudocricetodon are described: P. simplex sp. nov. is characterised by a simple
dental pattern in the lower molars. It has been discovered almost simultaneously in Oligocene beds
near Martin del Rio (Teruel Basin) and near Alcorisa on the southern border of the Ebro Basin. P. adro-
veri sp. nov. had previously been described from Vivel del Rio as P. aff. thaleri, and is characterised by
a complex dental pattern. These two new species change the current ideas on the evolution of the
genus Pseudocricetodon.

Contents

INErOAUCHON o ettt 57
Topographical and geological situation of the localities ... 58
MEthOAS ..oocviiiic s
Taxonomic descriptions
Pseudocricetodon montalbanensis Thaler, 1969 ..
Pseudocricetodon simplex SP. IOV. ...t 65
Pseudocricetodon adroveri SP. TIOV. ....cvuevieceecisiiiiniiissisissisins st 72
Pseudocricetodon philippi Hugueney, 1971 ...
Pseudocricetodontinae from Turkish Thrace
Phylogeny of PseudocriCetodon ........miiuciemnmseiieinseeeesescsecssesscss s s sessssses
CONCIUSIONS ...ttt sis s ettt a et b bbb en s sn e b bs s
AcKNOWIEAGEMENLES ...t
TADLES ... e et e
Appendix: Description of character states .........cccooevviririnecrernnesincece s
REfETEICES ...oovviiiiecetcttc bbb b s

Introduction

In the area between Vivel del Rio and Martin del Rio (Teruel, Spain) a section of
Upper Oligocene beds is found, that contains eight fossil mammal localities in super-
position, which permit to recognise at least five different faunal zones. In two of
these localities, Mirambueno 4C and 4D, discovered in 1991 by M. Freudenthal and
M.A. Sacristdn, a new species of Pseudocricetodon was encountered, that will be
described in this paper.
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In 1986 E. Moissenet discovered two fossiliferous levels near Alcorisa on the
southern border of the Ebro Basin. When we realised that the Pseudocricetodon mate-
rial from Mirambueno and Alcorisa represented the same species, we decided to
describe it together.

This new species of Pseudocricetodon is not the only point of resemblance between
the faunas of Mirambueno 4C, 4D, and Alcorisa; in fact many species found in these
localities are identical or very closely related. Therefore, in our opinion, the localities
are of almost the same age and represent a clearly distinguishable faunal episode.
The Cricetidae other than Pseudocricetodon are described in another paper in this
same volume; we will describe the entire fauna recovered from Mirambueno 4C and
4D in a future publication.

The material from Mirambueno and Montalbdn described in this paper will be
deposited in the ‘Departamento de Ciencias de la Tierra’, University of Zaragoza,
except for the specimens with code RGM that are deposited in the collections of the
National Museum of Natural History, Leiden, The Netherlands. Part of the material
from Vivel del Rio, including the figured specimens, will be deposited in the ‘Museo
de Paleontologia’, Sabadell.

Measurements are given in units of 0.1 mm.

Abbreviations

ALCN Alcorisa noir MIR4C Mirambueno 4C

ALCR Alcorisa rose MIR4D Mirambueno 4D

COD Coderet MLB1D Montalban 1D

MIR1 Mirambueno 1 MLB3C Montalban 3C

MIR2A Mirambueno 2A SMC St Martin-de-Castillon
MIR4B Mirambueno 4B \%24% Vivel del Rio

FSL Fac. des Sciences, Université Lyon I

IPS Instituto de Paleontologia, Sabadell

RGM National Museum of Natural History, Leiden (formerly Rijksmuseum van Geologie

en Mineralogie).

The photographs were made on the Zeiss DSM 950 Scanning Electron Microscope
of the Granada University, and on the Hitachi S800 of the CMEABG (Centre de
Microscopie électronique appliquée a la Biologie et a4 la Géologie) of the University
Claude Bernard Lyon L

Topographical and geological situation of the localities

The localities of Mirambueno and Vivel del Rio are situated near the Eastern bor-
der of the Calatayud-Teruel Basin, topographical map of Spain, sheet 27-19 (492),
Segura de los Bafios, between the villages of Martin del Rio and Vivel del Rio, on the
southwestern bank of the river Vivel.

A stratigraphic section of the area, with the geographic and stratigraphic position
of the localities will be published by Freudenthal et al. (in prep.).

Alcorisa is a little village in Lower Aragén, (topographical map of Spain, sheet 29-
19 (494), Calanda). It is situated at the transition of the Iberian Range to the Ebro
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Basin. In 1986 mammal remains were discovered by E. Moissenet in Paleogene conti-
nental sediments on the southern flank of the Guadalopillo Syncline, between the
village and the Gallipuen Anticline, of which the Mesozoic core appears in the ‘Cer-
ros de las Umbrias’. The fossiliferous beds consist of greenish-white marls dipping
towards the north (Alcorisa noir, code ALCN), and covered by red clays (Alcorisa
rose, code ALCR), sandstones, and conglomerates (Fig. 1). All these fluvio-lacustrine
deposits are deformed by the main folding episode that took place during the Late
Oligocene. The exact position of the locality will be given in a forth-coming paper by
Hugueney & Moissenet. Some 800 kg of sediment were washed during the 1991
summer campaign.

Methods

In view of the large amounts of material collected in the areas of Montalban and
Vivel del Rio, one of the authors (M.F.) has written a set of computer programs, in
order to create a data base for the morphological descriptions of the specimens. In
this paper we will reduce the classical descriptions of the specimens. They are partly
replaced by Tables 1-7, that contain between 13 and 19 features per dental element,
and for each feature between 2 and 10 character states. For each population, and for

‘Cerras’ de los Umbrias

Fig. 1. Location of the Oligocene mammal locality of Alcorisa. 1: Mesozoic rocks of the Iberian Chains.
2: Conglomerates, sandstones, silts and marls of Paleogene age. 3: Quaternary deposits of the Guada-
lopillo river. 4: Dipping of the Paleogene formations. 5: Oligocene mammal locality of Alcorisa.
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each character state, absolute numbers and percentages are given.

Since the value of such a data base depends largely on the objectivity of the choice
of the character states, we have tried to define as exactly as possible the meaning of
each of the descriptions. These explanations are given in the appendix. For many
characters we think we have achieved a reasonable degree of objectivity. Other char-
acters, however, present differences when evaluated by one person or an other. This
is specially true for the cingulum ridges that may close the valleys of the teeth. In
Pseudocricetodon these crests are often so tiny that a decision on whether a valley is
open or closed is extremely difficult. It may be necessary to revise the definitions of
these characters in order to obtain more satisfactory results. The great advantage of
our data base is that it makes it possible to visualise, check, and correct the descrip-
tion of each individual specimen at any time. Comparisons between populations are
easy; a group of populations may be compared with other populations or other
groups, etc.

One should realise that the character states described in Appendix 1 are valid for
the genus Pseudocricetodon only. A similar data base is being created for the genus
Eucricetodon, one for the Muridae, and one for the Cricetinae, in which the characters,
and the definitions of the character states differ from those for Pseudocricetodon.

The terminology of parts of the teeth is given in Fig. 2. A few remarks on termi-
nology should be made: Unay-Bayraktar (1989, p. 40) calls ‘mesoloph’ (between
apostrophes) what we call the mesoloph, and she calls genuine mesoloph what we
call second mesoloph. On p. 41 (M?) she calls ‘mesoloph’ what we call posterior pro-
tolophule (plus eventually a second mesoloph), and she calls second ‘mesoloph’
what we call the mesoloph. Also on p. 41 (M,) she calls anterosinusid what we call
protosinusid.

Taxonomic descriptions

Family Cricetidae Murray, 1866
Subfamily Pseudocricetodontinae Engesser, 1987
Genus Pseudocricetodon Thaler, 1969

Emended diagnosis — Small Pseudocricetodontinae, foramen incisivum in the
maxilla short (posterior border lying before the foremost point of the M').

Lower molars: The ectolophid lies labially of the central axis of the molars. Poste-
rior branch of the hypoconid hardly ever present. M; smaller than M,. Posterior part
of M, less reduced than in Eucricetodontinae. Protoconid hind-arm in M; and M,
nearly always present, in M, nearly always connected to the metaconid. Anterior
metalophulid in M, frequently absent. In M, the metaconid frequently sends a long
spur along the border of the molar towards the entoconid. Posterolophid of M, hard-
ly curved, running straightly towards the entoconid. In M, and M, the metalophulid
is generally more or less transverse, which, combined with a long anterolophulid,
results in a wide anterosinusid.

Upper molars: Mesolophs well developed, often long. Lingual border of M!
straight or concave, or very slightly convex, forming an angle of c¢. 90° with the pos-
terior border. The prelobe of M' is frequently set-off from the rest of the molar, the
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Fig. 2. Terminology of parts of the cheek teeth.
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lingual border between anterocone and protocone presenting a sharp angle.

The genus Pseudocricetodon was created by Thaler (1969) for a small cricetid from

the Lower Oligocene of Montalban, Pseudocricetodon montalbanensis. In the same
paper Thaler implied, that Cricetodon incertus Schlosser, 1884 belong to this genus
too. Since then, a number of species have been described within this genus, or have
been transferred to it from other genera. In our opinion the genus contains the follow-
ing species:
Pseudocricetodon montalbanensis Thaler, 1969, type-locality Montalban;
Pseudocricetodon thaleri (Hugueney, 1969), type locality Coderet;
Pseudocricetodon philippi Hugueney, 1971, type-locality St Martin-de-Castillon;
Pseudocricetodon moguntiacus (Bahlo, 1975), type-locality Heimersheim;
Pseudocricetodon sp. (in Freudenthal et al., 1992) from Montalban 3C;
Pseudocricetodon simplex sp. nov., type-locality Mirambueno 4C;
Pseudocricetodon adroveri sp. nov., type-locality Vivel del Rio.

We exclude from it:

Eucricetodon incertus Schaub, 1925;

Pseudocricetodon moguntiacus orientalis Unay-Bayraktar, 1989;
Pseudocricetodon philippi Hugueney, 1971 in Unay-Bayraktar, 1989;
Pseudocricetodon (Lignitella) suemengeni Unay-Bayraktar, 1989.

Many authors have attributed Eucricetodon incertus Schaub, 1925 to the genus
Pseudocricetodon. Daams et al. (1989) placed it in the genus Heterocricetodon. Kristkoiz
(1992) considered this to be a premature decision. In another paper in this same vol-
ume (Freudenthal, 1994) the position of this species, and several related known and
new species will be discussed.

Pseudocricetodon montalbanensis Thaler, 1969
Pl 1, figs. 1-12.

Holotype — M’ dext.,, MLBS 505, Museo de Paleontologia Miquel Crusafont,
Sabadell.

Type-locality — Montalban (Teruel, Spain).

Translated original diagnosis — Cricetidae from the Oligocene of Europe, differ-
ing from Paracricetodon by its M? that is shorter than M? from Heterocricetodon by its
mesolophid, that doesn’t reach the lingual border, and from Eucricetodon by the
straight or slightly concave outline of the lingual wall of M'.

Emended diagnosis — Apart from the features mentioned in the diagnosis of the
genus, the following characters are considered to be important: The dental pattern is
fairly complex with well-developed mesolophids, mesolophs, ectomesolophids, and
second mesolophs. Sinusid and sinus are generally curved or oblique. In the third
molars the metalophulid, resp. protolophule, is generally transverse, not connected
to the anterior molar border.

Differential diagnosis — For a comparison with P. simplex sp. nov. and P. adroveri
sp. nov.,, see hereafter.

It differs from P. thaleri (Hugueney, 1969) by its, on the average, smaller size, and
its less complex dental pattern. In M' the anterolophule is less frequently complete,
and the sinus more procumbent.
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Pseudocricetodon montalbanensis from Montalban 1D

Fig. 1. M, sin., MLBID 216. Fig. 7. M! sin., MLB1D 618.
Fig. 2. M, sin., MLB1D 405. Fig. 8. M? sin.,, MLB1D 709.
Fig. 3. M sin., MLB1D 510. Fig. 9. M sin., MLB1D 916.
Fig. 4. M, dext., MLBID 525, Fig. 10. M® dext., MLB1D 937.
Fig. 5. M, dext., MLBID 457. Fig. 11. M? dext., MLB1D 753.
Fig. 6. M, dext., MLB1D 258. Fig. 12. M dext., MLB1D 641.

Scale is 1 mm.
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It differs from P. philippi by its larger size and more complex dental pattern.

For the difference with P. moguntiacus see the discussion hereafter.

Apart from the original description by Thaler (which is restricted to the diagnosis)
this species is relatively poorly known. We have collected an extensive material from
various localities near Montalban, which permits us to present a redescription of this
species, based on material from the locality Montalban 1D. This level is the upper
part of the bed from which the type-population was obtained.

Material and measurements — See Tables 8 and 9.

Description (for full details see Tables 1-6)

M, — A Iabial spur on the anterolophulid is rarely present (10%). The protoconid
hind-arm is connected to the metaconid at a high level in most specimens (80%). The
sinusid is frequently directed backwards (50%). The mesolophid is rarely absent or
short (20%), a second mesolophid is present in half the specimens. There may be up
to three mesolophid-like structures. An ectomesolophid is frequently present (70%).

N.B. The labial spur on the anterolophulid is rare in this population. The specimen
figured by Freudenthal et al. (1992, pl. 1, fig. 4) happens to be one of the few speci-
mens that present this feature well developed.

M, — A labial spur on the anterolophulid is never present. The mesolophid is
hardly ever absent or short, and it is frequently bifurcated. An ectomesolophid is
present in almost 90% of the specimens.

M, — The metalophulid is never connected to the anteroconid. The mesolophid is
rarely absent (7%), the ectomesolophid is well developed. The entoconid is large,
causing the lingual border of the molar to be concave.

M' — The anterocone is generally simple (80%). A backward spur on the antero-
cone indicating the anterolophule is frequent, the anterolophule may be complete.
The anterior branch of the protocone is directed antero-labiad, hardly ever in contact
with the paracone. The sinus is directed forward. The mesoloph is of medium length
or long, frequently reaching the molar border, a second mesoloph may be present
(25%). In 35% there is a longitudinal connection between mesoloph and metacone. In
11 specimens the anterosinus presents some kind of complexities in the form of extra
spurs, small transverse crests, etc.

M? — The sinus is directed forward, often quite strongly. The mesoloph is of medi-
um length or long; a second mesoloph is present in half the specimens. In 25% there
is a longitudinal connection between mesoloph and metacone. In about half the spec-
imens there is a more or less well developed connection between protocone and
hypocone, through the sinus, comparable to the neo-entoloph of M’. Frequently, the
hypocone is hardly reduced, the tooth presenting a subrectangular outline.

M?® — The protolophule is connected to the anterolophule in 75% of the specimens.
The old entoloph is present (complete or incomplete) in 75%. The metacone is absent
in 60% of the specimens.

Remark — Our material contains a few very small specimens: M,, MLB1D 870, 9.6 X
8.0; M3, MLBID 925, 7.7 x 8.3. It cannot be excluded, that they represent another spe-
cies. The M, is characterised by the absence of the anterior metalophulid, a feature not
found in any other specimen. In the M? the sinus is deep, and the neo-entoloph absent.
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Discussion — P. montalbanensis differs from P. moguntiacus (Bahlo, 1975) from Hei-
mersheim (Rheinhessen, Germany) by: its smaller size; the generally higher proto-
conid hind-arm in M,; the protoconid hind-arm of M, and M, that is generally shor-
ter, and often connected to the metaconid; the better developed mesolophid in Mj;
the more procumbent sinus in M'; the on the average shorter mesoloph in M?; the
somewhat better developed second mesoloph in M~

According to Freudenthal et al. (1992) the population of P. moguntiacus from Hei-
mersheim is not homogeneous. A number of specimens should be transferred to
Eucricetodon, e.g. all M, with a hypoconid hind-arm. In the material that we were
able to study thanks to the kindness of Professor N. Schmidt-Kittler, we did not find
one single M, with hypoconid hind-arm.

But, apart from this elimination of a number of Eucricetodon specimens, the remain-
ing population may still be heterogeneous. Our measurements seem to indicate that
the material possibly contains two species of slightly different size, and morphologic-
ally very similar. The holotype HLM-Hhm 595 belongs to the smaller species.

None of the morphological differences listed above is really convincing; P. mogun-
tiacus and P. montalbanensis are very close, and only the larger dimensions of P.
moguntiacus present a clear difference. We therefore consider it possible, that the
smaller species from Heimersheim (including the holotype of P. moguntiacus) is noth-
ing else but P. montalbanensis, and P. moguntiacus is a junior synonym. The larger species
from Heimersheim is a new one, and not yet named. It is larger than P. montalbanensis,
and morphologically very similar to it.

Pseudocricetodon simplex sp. nov.
Pl 2, figs. 1-11; PL. 3, figs. 1-12.

Holotype — M, sin., MIR4C 288, 13.8 x 8.6, kept in the Departamento de Ciencias
de la Tierra, University of Zaragoza.

Type-locality — Mirambueno 4C (prov. Teruel, Spain).

Other localities — Mirambueno 4D, Alcorisa noir and Alcorisa rose.

Age — Earliest Late Oligocene.

Diagnosis — Lower molars: In M, the posterior branch of the protoconid is con-
nected to the base of the metaconid or ending free; less frequently with a high con-
nection to the metaconid. The sinusid is generally transverse. Second mesolophid
rarely present. In M, the mesolophid is never bifurcated. In M, the mesolophid and
mesoconid are absent. The metalophulid is often connected to the anteroconid,
though in most cases to the anterolophulid. The posterior branch of the protoconid is
nearly always long and free.

Upper molars: There is no connecting crest between mesoloph and metacone.
Mesoloph in M' and M? generally of medium length. In M' this mesoloph, together
with a transverse crest from the mesostyl, gives the impression of a long, interrupted
mesoloph. In M? the protolophule is generally connected to the anterior border of the
tooth; the mesoloph is well developed; the old entoloph is generally absent, the
axioloph nearly always present (complete or incomplete). A small metacone is pres-
ent.

Differential diagnosis — P. simplex differs from P. philippi Hugueney, 1971 by its



66 Freudenthal et al. Pseudocricetodon in the Upper Oligocene of Teruel (Spain), Scripta Geol. 104

larger size. It differs from all other species of Pseudocricetodon by its more simple den-
tal pattern, specially the absence of the mesolophid in M,.

For a comparison with P. orientalis see the chapter on Turkish Pseudocricetodonti-
nae.

Pseudocricetodon simplex from Mirambueno 4C

Material and measurements — See Tables 8 and 9, Fig. 3.

Description (for full details see Tables 1-6)

M, — The protoconid hind-arm is free (22%), or connected to the metaconid, either
high (21%) or low (57%). The sinusid is generally transverse (88%). The mesolophid is
often absent or short (50%), the second mesolophid is absent in more than 80% of the
specimens. The ectomesolophid is present in about half the specimens. A short poste-
rior branch of the hypoconid may be present (19%).

M, — The mesolophid is often absent or short (44%), never bifurcated. An ecto-
mesolophid is present in more than 90% of the specimens.

M, — The metalophulid is frequently connected to the anteroconid (30%). The
mesolophid is nearly always absent, ectomesolophids are present in 29% only. The
entoconid is often reduced or absent, giving the molar a triangular shape.

M' — The anterocone may be more or less subdivided (38%). A backward spur on
the anterocone, indicating the anterolophule is present in 30% only, the anteroloph-
ule is never complete. The anterior branch of the protocone is directed antero-labiad
in about half the specimens, in the other half it is directed to or in contact with the
paracone. The sinus is frequently transverse (35%). The mesoloph is of medium
length or long, frequently interrupted, so that its labial part forms a separate crest,
originating from the mesostyl. The second mesoloph is generally absent (90%). A
longitudinal connection between mesoloph and metacone is present in 1 specimen
only.

M? — The lingual anteroloph is well developed, and separates the protocone from
the molar border in 26% of the specimens. The sinus is transverse in most cases

Plate 2

Pseudocricetodon simplex from Mirambueno 4C  Pseudocricetodon aff. philippi from Mirambueno 4C
Fig. 1. M; sin., MIR4C 288, holotype. Fig. 12. M, dext., MIR4C 318

Fig. 2. M; sin., MIR4C 327. Fig. 13. M, dext., MIR4C 319.

Fig. 3. M; sin., MIR4C 360. Fig. 14. M' dext., MIR4C 321.

Fig. 4. M, dext., MIR4C 387.
Fig. 5. M, dext., MIR4C 347.
Fig. 6. M, dext., MIR4C 305.
Fig. 7. M sin., MIR4C 396.
Fig. 8. M? sin., MIR4C 433.
Fig. 9. M® sin., MIR4C 463.
Fig. 10. M® sin., MIR4C 484.
Fig. 11. M! dext., MIR4C 416.

Scale is 1 mm.
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Fig. 3. Length-width diagrams of Pseudocricetodon simplex (x) and P. aff. philippi (+) from Mirambueno 4C.
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(58%). The mesoloph is of medium length (76%) or short (13%), less frequently long,
or long and interrupted; a second mesoloph is present in 18% only. A longitudinal
connection between mesoloph and metacone is generally absent (92%). A more or
less well developed connection between protocone and hypocone, through the sinus,
is rarely present (8%). The hypocone is generally reduced, giving the tooth a trape-
zoid shape (84%).

M?® — The protolophule is connected to the anterocone in 85% of the specimens.
The sinus is generally small, but well developed. The mesoloph is never absent, rare-
ly short. The old entoloph is absent in 70%. The metacone is present in 90% of the
specimens.

Pseudocricetodon simplex from Mirambueno 4D

Material and measurements — See Tables 8 and 9.

Basically this population is identical to the one from Mirambueno 4C. For full
details see Tables 1-6. There are some differences:

In MIR4D the anterolophulid of M, appears to be better developed. Cingulum ridges
all around the molar are somewhat better developed. The protoconid hind-arm of M,
is on the average longer. In M; the metalophulid is more frequently directed forward,
and the sinusid is more transverse. The cingulums closing the mesosinusid and
posterosinusid of M, are better developed. Ectomesolophids are less developed in M,

The sinus of M' is more frequently transverse. In M® the protolophule is always
connected to the anterocone, the mesoloph is on the average shorter, and the meta-
cone is less reduced.

Pseudocricetodon simplex from Alcorisa

Material and measurements — See Tables 8 and 9, Fig. 4.

For full morphological details see Tables 1-6. Differences between the populations
from Alcorisa noir and Mirambueno 4C are:

In the M, from Alcorisa the anterolophulid and the ectolophid are more frequently
interrupted, and the metalophulid more frequently absent. Ectomesolophids are bet-
ter developed in M,, less developed in M, and M,. The shape of M, is more frequent-
ly trapezoidal. The sinus of M? is less frequently transverse. In M® the axioloph is
more frequently absent, the metacone is more reduced.

The small collection of P. simplex from ALCR, taken from a bed that lies only 10 cm
above ALCN, shows no notable differences; perhaps the anterocone of M' is more
frequently subdivided.

Discussion on Pseudocricetodon simplex

The populations from MIR4C and MIR4D are highly similar; the one from Alcori-
sa seems to be a little different. Nevertheless these three populations are attributed to
the same species, mainly on the basis of their sharing the characteristic of a simpli-
fied dental pattern.

P. simplex differs from P. montalbanensis Thaler, 1969, P. moguntiacus (Bahlo, 1975),
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Plate 3

Pseudocricetodon simplex sp. nov. from Alcorisa (noir)

Fig. 1. M, sin., ALC 1. Fig. 7. M sin., ALC 7.
Fig. 2. M, sin., ALC 2. Fig. 8. M® sin., ALC 8.
Fig. 3. M sin., ALC 3. Fig. 9. M®sin., ALC 9.
Fig. 4. M, sin., ALC 4. Fig. 10. M’ sin., ALC 10.
Fig. 5. M, sin., ALC 5. Fig. 11. M? sin., ALC 11.
Fig. 6. M, sin., ALC 6. Fig. 12. M® sin., ALC 12.

Scale is 1 mm.
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and P. adroveri sp. nov. by: the higher anterolophulid in M,; the lower protoconid
hind-arm in M;; the more transverse sinus(id)s; the less developed mesoloph(id)s,
ectomesolophids, and second mesoloph(id)s; the more procumbent metalophulid in
M;, and protolophule in M the often very long, and free-ending, protoconid hind-
arm in M,; the less concave lingual border of M;; the less frequent posterior spur on
the anterocone of M!; the anterior branch of the protocone of M}, that is more fre-
quently directed towards the paracone; the almost complete absence of a longitudi-
nal connection between mesoloph and metacone in M'; the better developed lingual
anteroloph in M? the better developed mesoloph in M.

It differs from P. thaleri (Hugueney, 1969) by the lesser development of accessory
crests in all molars; the lesser development of second mesolophids in M, and M,; the
absence of the mesolophid in My; the absence of a complete anterolophule in M".

The localities with P. simplex are intermediate in age between those with P. montal-
banensis on the one hand, and those with P. adroveri and P. thaleri on the other.
Whether or not P. simplex represents an intermediate phylogenetic step will be dis-
cussed in the chapter on Phylogeny of Pseudocricetodon.

Pseudocricetodon aff. simplex

In the locality of Mirambueno 4B, c¢. 6 m below Mirambueno 4C, we have found a
small number of specimens of a Pseudocricetodon species. It resembles P. simplex from
Mirambueno 4B, but in some details it seems to be closer to P. montalbanensis. A
selection of these features is given in Table 7. Evidently the material is too poor to
permit sound conclusions. However, one gets the impression, that some features are
frequent in the population from Montalban 1D, present in MIR4B, and absent in
MIR4C.

Furthermore the mean values of the dimensions of this material are smaller than
those of Pseudocricetodon simplex, and coincide more with those of P. montalbanensis
(see Tables 8 and 9).

Pseudocricetodon adroveri sp. nov.
Pl 4, figs. 1-12.

Type-locality — Vivel del Rio (prov. Teruel, Spain).

Holotype — M, sin., IPS 7680, 13.1 x 8.5, figured in Hugueney et al., 1987, pl. 1,
fig. 10; this publication Pl. 4, fig. 1. The figured specimens from Vivel del Rio will be
deposited in the Museo de Paleontologia Miquel Crusafont, Sabadell.

Derivatio nominis — Dedicated to Dr R. Adrover (Paterna), who excavated the
type-locality and collected the larger part of the material.

Synonymy — Pseudocricetodon aff. thaleri in Hugueney et al., 1987.

Age — Late Oligocene.

Diagnosis — Lower molars: There is almost never a posterior branch of the hypo-
conid. In M, the posterior branch of the protoconid is high and connected to the
metaconid; mesolophid of medium length or long, less frequently short or absent.
Second mesolophid often well developed. In M, and M, there is frequently a labial
spur from the anterolophulid into the protosinusid. In M, the mesolophid is rarely
absent, the entoconid is well developed.
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Plate 4

Pseudocricetodon adroveri sp. nov. Pseudocricetodon adroveri sp. nov.
Vivel del Rio Mirambueno 2A

Fig. 1. M, sin., IPS 7680, holotype. Fig. 7. M; sin., MIR2A 64.

Fig. 2. M, sin., IPS 7681. Fig. 8. M, dext., MIR2A 73.

Fig. 3. M sin., IPS 7682. Fig. 9. M3 sin.,, MIR2A 77.

Fig. 4. M sin., IPS 7683. Fig. 10. M® dext.,, RGM 417 484.
Fig. 5. M sin., IPS 7684. Fig. 11. M’ dext., MIR2A 78.

Fig. 6. M sin., IPS 7685. Fig. 12. M' dext.,, RGM 417 494.

Scale is 1 mm.
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Upper molars: Longitudinal connection between mesoloph and metacone fre-
quently present. Anterocone of M' simple, with a longitudinal backward spur (or
even two such spurs). Dental pattern of M® very much simplified; old entoloph pres-
ent as a transverse spur on the lingual wall of the protocone; axioloph generally mis-
sing; metacone hardly ever present.

Differential diagnosis — For the difference with P. simplex see the differential diag-
nosis and the discussion of that species.

P. adroveri differs from P. montalbanensis by the better developed metalophulid in
M,; the better developed labial spur in the protosinusid of M, and M,; the more re-
duced entoconid in Mj;, and metacone in M>.

It differs from P. thaleri from Coderet by: the less developed metalophulid in M;;
the less frequent labial spur in the protosinusid of M, and M,; the never complete
anterolophule in M, in combination with an anterior branch of the protocone, that is
more frequently directed towards the paracone.

Pseudocricetodon adroveri sp. nov. from Vivel del Rio

Material and measurements — See Tables 8 and 9, Fig. 5.

Description (for full details see Tables 1-6)

M, — There is frequently a labial spur on the anterolophulid (66%). The meta-
lophulid is absent (11%), interrupted (48%), or complete (41%). The protoconid hind-
arm is connected to the metaconid, either high (81%) or low (19%). The mesolophid
is short (11%), of medium length (58%), or long (31%); it is often branched. The
second mesolophid is absent (15%), short (31%), of medium length (42%), or long
(12%). If we count all branches of mesolophid and second mesolophid we get the fol-
lowing result: one mesolophid: 2 specimens; two mesolophids: 9 specimens; three
mesolophids: 12 specimens; four mesolophids: 3 specimens. The ectomesolophid is
absent in two specimens only, and it is frequently double (35%).

M, — There is frequently a labial spur from the anterolophulid into the protosinu-
sid (53%). The mesolophid is nearly always of medium length or long, frequently
bifurcated. An ectomesolophid is present in 90% of the specimens.

M, — The metalophulid is connected to the anterolophulid. The protoconid hind-
arm always ends free, and it is nearly always long. The mesolophid is absent in 60%
of the specimens, an ectomesolophid is present in 80%. The entoconid is generally
well developed, the lingual border is concave, giving the molar a trapezoid shape.

M' — The anterocone is always simple. A backward spur on the anterocone, indi-
cating the anterolophule, is always present, but the anterolophule is never complete.
In 44% of the specimens there are even two spurs on the anterocone. The anterior
branch of the protocone is generally directed antero-labiad, in 27% of the cases direct-
ed towards the paracone. The sinus is directed forward (62%) or strongly forward
(38%), never transverse. There is nearly always a well-developed protocone platform.
The mesoloph is never absent or short, frequently interrupted, so that its labial part
forms a separate crest, originating from the mesostyl. The second mesoloph is often
present (65%); there may be an entomesoloph (43%). A longitudinal connection
between mesoloph and metacone may be present or indicated (43%).

M? — The sinus is directed forward or strongly forward in most cases (88%). The
mesoloph is of medium length (46%) or long (49%), or it reaches the molar border
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(6%); a second mesoloph is present in 23% of the specimens. A longitudinal connec-
tion between mesoloph and metacone is present in 61%. A connection between pro-
tocone and hypocone, through the sinus, is indicated in 16%, and complete in one
specimen. The hypocone is generally not reduced, so that the tooth has a subrectan-
gular shape (63%).

M’ — The protolophule is connected to the anterocone in the majority of the speci-
mens (67%). The sinus is generally small, and may be hardly developed or even
absent. The mesoloph is of variable length, absent in 35% of the specimens. The old
entoloph is absent in 10% only; the axioloph is absent in 90%. The metacone is gen-
erally absent (83%).

Pseudocricetodon adroveri sp. nov. from Mirambueno 2A

Material and measurements — See Tables 8 and 9, Fig. 5.

Description (for full details see Tables 1-6)

M, — There is frequently a labial spur on the anterolophulid (40%). The meta-
lophulid is absent (17%), interrupted (50%), or complete (33%). The protoconid hind-
arm is connected to the metaconid, either high (67%) or low (33%). The mesolophid
is absent (17%), short (17%) of medium length (42%), or long (25%), the second
mesolophid is nearly always present. The ectomesolophid is absent in one specimen
only. There is never a posterior branch of the hypoconid.

M, — The labial anterolophid is frequently absent; on the other hand there is near-
ly always a labial spur from the anterolophulid into the protosinusid. The meso-
lophid is often absent or short (40%), never bifurcated. An ectomesolophid is present
in 80% of the specimens.

M, — The labial anterolophid is poorly developed. The metalophulid is connected
to the anterolophulid. The mesolophid is nearly always present (83%), an ectomeso-
lophid is present in 50%. The entoconid is generally well developed, the lingual bor-
der is concave, giving the molar a trapezoid shape.

M' — A backward spur on the anterocone, indicating the anterolophule is always
present, but the anterolophule is never complete. In half the specimens there are
even two spurs on the anterocone. The anterior branch of the protocone is directed
antero-labiad, never directed to — or in contact with — the paracone. The sinus is
directed forward (62%) or strongly forward (38%), never transverse. The mesoloph is
of medium length or long, frequently interrupted, so that its labial part forms a sep-
arate crest, originating from the mesostyl. The second mesoloph is generally present
(92%); there may be an entomesoloph (23%). A longitudinal connection between
mesoloph and metacone may be present or indicated (31%).

M? — The lingual anteroloph is frequently absent or weak, and never continues
around the protocone. The sinus is transverse in most cases (60%). The mesoloph is
of medium length (40%) or long (50%), less frequently short (10%); a second meso-
loph is present in 50% of the specimens. A longitudinal connection between meso-
loph and metacone is present in 40%. A connection between protocone and hypo-
cone, through the sinus, is never present. The hypocone is generally not reduced, so
that the tooth has a subrectangular shape (80%).

M?® — The protolophule is connected to the anterocone in 9 out of 10 specimens.
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Fig. 5. Length-width diagrams of Pseudocricetodon adroveri from Vivel del Rio (x) and Mirambueno 2A (+).
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The sinus is generally small, but well developed. The mesoloph is generally short or
of medium length. The old entoloph is absent in 38%,; the axioloph is absent in 63%.
The metacone is nearly always absent.

Discussion on Pseudocricetodon adroveri

Most of the differences between the type-population and the one from MIR2A
may be explained by the small number of specimens available. Other differences
may have some importance, like e.g. the shorter mesolophid of M,, and the longer
mesolophid of M;; the less developed ectomesolophid in M, and the more transverse
sinus of M?.

P. adroveri differs from P. montalbanensis by: its more reduced M, and M?® in compar-
ison with the M, and M’; the better developed labial spur in the anterosinusid of M,
and M,; the better developed metalophulid in M;; the better developed second
mesoloph(id)s, ectomesolophids and entomesolophs in M, and M'; the always high
ectolophid-protoconid connection in M,; the more complex structure of the meso-
lophid in M,; the less developed ectomesolophid in M, and M,; the more reduced
mesolophid and entoconid of M,; the well-developed protocone platform in M’; the
less frequently subdivided sinus of M? the less developed second mesoloph in M?
and M? the less frequently complete old entoloph in M?; the hardly ever present, and
never complete, axioloph in M?; the more reduced metacone in M>.

Summarising we may say, that the M; and M" of P. adroveri show a more complex
dental pattern than in P. montalbanensis, whereas the M, and M?® are more simplified.
The M, and M’ take an intermediate position: in some features they are more com-
plex, in others they are more simple. The dentition of both species shows a gradient
of increasing complexity from M3 to M1. In P. adroveri this gradient is steeper than in
P. montalbanensis.

P. adroveri differs from P. thaleri from Coderet by: its on the average smaller size;
the less developed metalophulid in M;; the less frequent labial spur in the proto-
sinusid of M, and M,; the less developed second mesolophid in M;; the less devel-
oped ectomesolophids in M, and M,; the less reduced entoconid in M;; the always
simple anterocone of M'; the never complete anterolophule in M'; in combination
with an anterior branch of the protocone, that is more frequently directed towards
the paracone; the less developed forward spur on the paracone of M'; the less devel-
oped posterior protolophule in M?; the less developed second mesoloph in M?.

In our opinion most of the differences between P. montalbanensis, P. adroveri, and P.
thaleri indicate, that P. montalbanensis has the most primitive dental pattern, and that
P. thaleri is most evolved. P. adroveri has a morphologically intermediate position.

Pseudocricetodon philippi Hugueney, 1971
Plate 5, figs. 1-12.

Type-locality — St Martin-de-Castillon (Vaucluse, France).

Holotype — M, dext., FSL 97377, Département des Sciences de la Terre, Université
Claude Bernard, Lyon (Plate 5, fig. 3).

N.B. The specimens figured on Pl 5, figs. 1-3 and 7-9 were also figured in
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Plate 5

Pseudocricetodon philippi from St Martin-de-Castillon

Fig. 1. M; dext., FSL 97381, level C. Fig. 8. M2 dext., FSL 97379, level C.
Fig. 2. M, dext., FSL 97382, level C. Fig. 9. M! dext., FSL 97380, level C.
Fig. 3. M, dext., FSL 97377, level C, holotype. Fig. 10. M’ dext., FSL 97825, level C.
Fig. 4. M, dext., FSL 97828, level D. Fig. 11. M? dext., FSL 97826, level C.
Fig. 5. M, sin., FSL 97829, level C. Fig. 12. M sin., FSL 97830, level A.

Fig. 6. M; dext., FSL 97827, level D.
Fig. 7. M® sin., FSL 97378, level B.
N.B. FSL 97379 and 97380 may belong to the same individual.

Scale is 1 mm.
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Hugueney, 1971, figs. 1-6.

Apart from St Martin-de-Castillon a very small Pseudocricetodon has been cited
from quite a number of localities: Heimersheim, Balm, Les Chapelins, Gabsheim
(Bahlo, 1975, 1976), St Henri (Brunet et al., 1981), Pech-du-Fraysse, Pech Desse
(Comte, 1985), Terrenoire (Ducreux et al., 1985), Coulou, Mas-de-Pauffié (Rémy et al.,
1987), Kavakdere, Pasakdy, Kocayarma (Unay-Bayraktar, 1989).

All these populations are poor in specimens. Since new material is available from
St Martin-de-Castillon we will pay some attention to this locality.

Six different sites have been sampled at St Martin-de-Castillon. One of these (level
C) is the richest, and is the type-locality of P. philippi. Level D is more or less equiva-
lent to level C, level E is older, and level 6 is younger. The following description is
mainly based on the material from level C.

M, — The lingual anterolophid is interrupted or absent; the labial anterolophid is
always long. The anterolophulid is always present, generally low. The anterosinusid
is wide. The metalophulid is predominantly absent, sometimes anteriorly interrup-
ted, complete in one case only. The protoconid hind-arm is high, either transverse or
curved, absent in one specimen. The sinusid is open or closed, always transverse.
The mesosinusid is always closed by a crest descending from the metaconid. The
ectolophid is longitudinal, sometimes interrupted. The mesoconid is absent or weak-
ly developed. The mesolophid is absent in half the specimens, short or of medium
length in the other ones. There is never a second mesolophid. The ectomesolophid is
absent or weakly developed. The hypolophulid is anteriorly transverse. There is
never a posterior branch of the hypoconid. The posterosinusid is open or closed. The
labial posterolophid is weakly developed.

M, — The labial anterolophid reaches the protoconid. The anterolophulid is com-~
plete except for one specimen. The metalophulid is connected to the anterolophulid,
interrupted in one case. The metalophulid spur is absent or weak. The protoconid
hind-arm is short, either free, or transversely directed towards the base of the meta-
conid. The sinusid is generally open, sometimes closed by a weak crest; it is either
transverse or directed obliquely backward. The mesosinusid is open or closed. The
ectolophid is high, interrupted in 3 cases. The mesoconid is nearly always absent.
The mesolophid is simple, generally short, or even absent. The ectomesolophid is
present in 2/3 of the specimens, rather strongly developed in 1/3. The hypolophulid
is directed somewhat obliquely forward. There is never a posterior branch of the
hypoconid. The posterosinusid is open or closed. The labial posterolophid is weakly
developed in half the cases. The posterior part of the tooth is generally the broadest.

M; — The labial anterolophid always reaches the protoconid. The anteroléphulid
is long. The anterosinusid is nearly always wide. The metalophulid is directed for-
ward, interrupted in more than half the specimens. The metalophulid spur is absent
in most cases. The protoconid hind-arm is very variable, from short, low and free to
curved and high. The sinusid is nearly always open, broad, transverse or somewhat
oblique backward. The mesosinusid is closed, the mesolophid always absent. The
ectolophid is complete, the mesoconid nearly always absent. In half the specimens
there is a weak ectomesolophid. The entoconid is always well developed. The hypo-
lophulid is anterior, transverse or slightly oblique. The posterosinusid is open, or
half-closed. The shape of the tooth is trapezoid.
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M' — The anterocone is always simple in level C; in one specimen from level E it
is split. The prelobe is broad, continuous or set-off. The anterocone generally pre-
sents a short posterior crest, directed towards the anterior branch of the protocone,
and in one case the anterolophule is complete. The paracone rarely shows an anterior
spur. The lingual anteroloph ends in a protostyl. The protocone platform is generally
weak. The anterosinus is closed, and in most cases there is a small anterostyl. The
protolophule is posterior; in one specimen from level E there is an anterior connec-
tion. The sinus is open, or there is a small entostyl; it is slightly directed forward in
the specimens from level C, sometimes subdivided in specimens from other levels.
The entoloph is high. The mesosinus is closed by a small crest, and there may be a
mesostyl. In one case the mesostyl sends a crest into the mesosinus. The mesoloph is
of medium length. There is no second mesoloph nor an entomesoloph. Only one
specimen presents a connection between mesoloph and metacone. The metalophule
is always anterior, the posterosinus is open, and the labial border is straight.

M? — The lingual anteroloph is moderately or strongly developed. The proto-
lophule is anterior with a trace of a posterior connection. The sinus is open or closed,
with or without entostyl, weakly directed forward. The closure of the mesosinus is
variable; there may be a mesostyl. The mesoloph is short (2), of medium length (8),
or long (1). The second mesoloph is absent in all but one specimen. The mesoloph-
metacone connection is absent except for one specimen from level E. The entoloph-
protocone connection is generally high, sometimes interrupted. One specimen from
level E shows a weak protocone-hypocone connection through the sinus. The meta-
lophule is anterior, the posterosinus open. The labial border is more or less concave,
the shape of the tooth is subrectangular, or slightly trapezoid.

M’ — (not represented in level C) The lingual anteroloph is well developed. The
protolophule is connected to the anterolophule, tending to be double in one case. The
sinus is small, the neo-entoloph high. The mesosinus is closed. The mesoloph is of
medium length. There is no second mesoloph. The old entoloph is absent or present.
There may be a trace of an axioloph. There is no centrocone, the metacone is small,
the posterosinus closed.

Discussion — The following features may be considered to be significant: In M,
the connections between the main cusps are transverse, the ectolophid is longitudin-
al and the sinusid is transverse. The mesolophid is absent or short; its position is
often marked by a weak mesoconid. Accessory crests (2nd mesolophid, hypoconid
branch, etc.) are absent, except for a weak ectomesolophid that is sometimes present.
The posterior part of M, is little reduced; there is no mesolophid. The dental pattern
of M' is very simple; the protolophule is posterior. The M® is reduced posteriorly, but
the main features remain clearly visible.

Pseudocricetodon aff. philippi Hugueney, 1971
Pl. 2, figs. 12-14.

Locality — Mirambueno 4C.

Material and measurements — See Tables 8 and 9, Fig. 3.

The M, are characterised by a very simple dental pattern, specially by a broad
mesosinusid, without mesolophid. The protoconid hind-arm is high, and connected
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to the metaconid. In one specimen the metalophulid is connected to the anteroconid,
and the anterior branch of the protoconid meets this crest, but is subordinate to it; in
the other specimen the metalophulid is interrupted. One specimen is very slender,
the other one rather plump.

The M" are characterised by the absence of the posterior protolophule, the anterior
one being complete in one specimen, and indicated in the other one. The sinus is
slightly directed forward; the mesoloph is of medium length.

In the M? the protolophule is double; the mesoloph reaches the border of the
molar, but it is interrupted halfway.

Discussion — This material is attributed to P. aff. philippi on the basis of its size; the
specimens are smaller than those of P. simplex from the same locality (see Fig. 3); they
are larger than those of P. philippi from St Martin-de-Castillon (Hugueney, 1971), Hei-
mersheim (Bahlo, 1975), and from various Turkish localities (Unay-Bayraktar, 1989).

In M, the metalophulid appears to be better developed, and more forward direc-
ted than in the type-population.

The ‘primitive” anterior position of the protolophule of M' is not known in the
type-population of P. philippi. It is found, however, in one specimen from St Martin
level E, in one or two specimens from Heimersheim, and in one of the two Turkish
specimens. The prelobe may be more complicated than in the type-population.

Pseudocricetodon philippi is the smallest Pseudocricetodon known. Some specimens
from St Martin-de-Castillon are rather large and their dental pattern is more compli-
cated (P. 5, fig. 12); their attribution to P. philippi is not certain.

Brunet et al. (1981) describe P. philippi from St Henri (Bouches-du-Rhéne, France).
These specimens are slightly larger than the type-material, and the dental pattern is
very simple.

Comte (1985) mentions seven specimens from Pech-du-Fraysse (Quercy, France)
and three teeth from Pech Desse (Quercy, France), larger than the type-material, and
with a simpler dental pattern.

Ducreux et al. (1985) mention six teeth from Terrenoire (Alpes-de-Haute-Provence,
France), a locality situated in the same basin as St Martin-de-Castillon, and strati-
graphically younger. They are slightly larger than the type-material and a little more
complicated.

All these populations are poor in specimens, which makes it impossible to assess
their relationships, the more so since they seem to present a mixture of primitive and
derived characters. One gets the impression, however, that the material attributed to
P. philippi represents at least two different lineages.

Pseudocricetodontinae from Turkish Thrace

Unay-Bayraktar (1989) described a number of Pseudocricetodontinae from Turk-
ish Thrace: Pseudocricetodon moguntiacus orientalis Unay-Bayraktar, 1989; Pseudocrice-
todon philippi Hugueney, 1971; Pseudocricetodon (Lignitella) suemengeni Unay-Bayrak-
tar, 1989; Kerosinia variabilis Unay-Bayraktar, 1989.

Pseudocricetodon (Lignitella) suemengeni Unay-Bayraktar, 1989 — In our opinion Ligni-
tella should be regarded as a separate genus, distinguished from Pseudocricetodon by its
sharp, blade-shaped crests and crescentiform, reduced lingual cusps. The anterior
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slope of the anterocone of M' is very steep. In spite of the excellent quality of the SEM
photographs published by Unay-Bayraktar, these features are not easily recognised.
However, the casts of L. suemengeni, generously provided by Dr H. de Bruijn (Utrecht),
leave no doubt about the differences between Pseudocricetodon and Lignitella.

The transverse sinus of M! and M? is frequent in P. simplex, and occurs in P. montal-
banensis, P. moguntiacus, and P. adroveri; it should not be considered as a distinctive
feature of the genus Lignitella. Pseudocricetodon (Lignitella) suemengeni Unay-Bayrak-
tar, 1989 is the type species of the genus Lignitella.

Pseudocricetodon philippi Hugueney, 1971 — This species is poorly known. All
known populations are poor in specimens. Whether they represent one or more spe-
cies cannot yet be decided. However, the Turkish material is characterised by sharp
crests and reduced cusps, and certainly does not belong to P. philippi. It may well
belong to Lignitella suemengeni Unay-Bayraktar, 1989, since the size differences
between these two species are not evident.

Pseudocricetodon moguntiacus orientalis Unay-Bayraktar, 1989 — In view of the
doubtful homogeneity of the type-population of P. moguntiacus, and the clear morp-
hological identity of the population from Kocayarma, we will treat it as a separate
species, and not as a subspecies of P. moguntiacus. Some of the most characteristic
features of this species are the very sharp and thin crests, and the reduced volume of
the cusps, in comparison with W. European forms. It shares the shape of crests and
cusps with Lignitella suemengeni, and should probably be transferred to the genus
Lignitella. In other respects the dental pattern of this species appears to be quite close
to P. montalbanensis and P. adroveri sp. nov.

Kerosinia variabilis Unay-Bayraktar, 1989 — Freudenthal et al. (1992) supposed,
that Kerosinia might be a junior synonym of Pseudocricetodon. An important difference
between K. variabilis and L. orientalis from the same locality (whose size distributions
overlap largely) is the metalophulid of M,. In K. variabilis there is hardly ever an
anterior metalophulid; the connection between protoconid and metaconid is realised
through the posterior branch of the protoconid. In all Pseudocricetodon species, as
well as in L. suemengeni, the metalophulid is anterior, and the posterior branch of the
protoconid is long, and ending free. This may be sufficient reason to maintain Kerosi-
nig as a separate genus.

Unay-Bayraktar (1989) places Kerosinia in the subfamily Adelomyarioninae. Freu-
denthal et al. (1992) placed it in the Pseudocricetodontinae. We have not been able to
study original material of Kerosinia; its position remains — for the moment — unre-
solved.

Phylogeny of Pseudocricetodon (Fig,. 6)

The sections of Montalban and Mirambueno, with their large number of super-
posed fossiliferous levels permit to follow the history of Pseudocricetodon step by step:

In the oldest levels of Montalban (MLB3X, MLB3Y) Pseudocricetodon is absent.

Freudenthal et al. (1992) described a Pseudocricetodon sp. nov. from Montalban 3C,
that represents the oldest occurrence of the genus known so far. The five available
teeth show a complex morphology, that excludes the possibility of its being the ances-
tor of P. montalbanensis Thaler, 1969.

The next younger representative of the genus is P. montalbanensis from the classical
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COD P. thaleri
R / |
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VIV f P. adroveri |
? ?
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| | I
| 2 |
MIR4C P. philippi P. simplex | ?
I |
? N , |
MIR4B | P. aft. simplex | ?
! I
N\, ] |
N\, | |
H 2 |
AN '| ?
I
MLB1D P. montalbanensis |
MLB3C P. sp.

Fig. 6. Possible phylogenetic relationships within the genus Pseudocricetodon.

locality of Montalban (Montalbén 1D; see Freudenthal et al., 1990). This species has a
simpler dental pattern than the form from Montalbén 3C, with a number of characters
that are considered plesiomorphic. Various authors have considered it to be the ances-
tor of P. thaleri Hugueney, 1969. In view of the geographic vicinity and morphological
similarity we think P. montalbanensis may be considered to be the ancestor of P. adroveri
sp. nov. Whether or not this lineage continues towards P. thaleri remains to be decided.

On the other hand, on the basis of its stratigraphic position, P. montalbanensis may
be the ancestor of P. simplex sp. nov. The evolution in this hypothetical lineage would
be marked by: general simplification of the dental pattern; loss of the backward spur
on the anterocone of M'; loss of longitudinal connections between mesoloph and
metalophule in the upper molars; reduction of the mesolophid in M, and M,; loss of
the mesolophid in M.

M1 and M2 of P. simplex are on the average longer than in P. montalbanensis, and
equal in width; the M3 are both shorter and narrower than in P. montalbanensis. So, if
these two species are steps in an evolutionary lineage, P. simplex is characterised by a
slight size increase, and a relative and absolute reduction of M, and M®. The size ran-
ges do, however, largely overlap.

An alternative to this interpretation is presented by the small population of P. aff.
simplex from Mirambueno 4B. This locality is stratigraphically intermediate between
Montalban 1D and Mirambueno 4C (much closer to Mirambueno 4C than to Mon-
talban 1D). Morphologically the material may be intermediate between P. montalba-
nensis and P. simplex, and on this basis a lineage P. montalbanensis — P. aff. simplex —
P. simplex seems logical. However, the dimensions of all dental elements of the mate-
rial from Mirambueno 4B are on the average smaller than those of both P. montalba-
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nensis and P. simplex. If the above mentioned lineage were true, one would expect the
dimensions in the MIR4B population to be intermediate between P. montalbanensis
and P. simplex. Since this is not the case, it is possible that P. aff. simplex is the ancestor
of P. simplex, and that P. montalbanensis represents another lineage. The material from
Mirambueno 4B is not yet sufficient to come to a sound conclusion. We hope to col-
lect a good sample in the near future.

P. simplex is present in Mirambueno 4C and in the next higher level, Mirambueno
4D. It is also found in Alcorisa, but we don’t know the exact stratigraphic position of
Alcorisa with respect to the Mirambueno localities.

In our next level, Mirambueno 1, Pseudocricetodon is practically absent. Then, in
Mirambueno 2A, the genus reappears again, represented by P. adroveri, a species that
is found also in our youngest locality, Vivel del Rio, where it was described as P. aff.
thaleri by Hugueney et al. (1987). It is characterised by a complicated dental pattern.
Its ancestor may be either P. montalbanensis or Pseudocricetodon sp. from Montalbin
3C. P. thaleri from Coderet may be related to it.

Apart from these species, that are roughly of the same size, we attribute one more
form to the genus Pseudocricetodon: P. philippi Hugueney, 1971. This species is con-
siderably smaller than all other species of Pseudocricetodon. Its morphology is extremely
simple. We are not able to say anything about its phylogenetic relationships. Among
the material attributed to this species are several populations, that are at the upper size
limit of the type-population, or even slightly larger. Their morphology is either more
complicated than in the type-population or more simple. The scarcity of the material
hampers a decision about the taxonomic identity and relationships of these popula-
tions. It seems probable that there exist two lineages of very small Pseudocricetodon.

The material described by Unay-Bayraktar (1989) from Turkish Thrace (P. mogun-
tiacus orientalis, P. philippi, and P. (Lignitella) suemengeni), in our opinion, does not
belong to Pseudocricetodon. Lignitella is a separate genus, comprising two species: L.
suemengeni and L. orientalis. The material described by Unay-Bayraktar as P. philippi
belongs to Lignitella suemengeni. Lignitella represents the Turkish branch of the Pseu-
docricetodontinae.

Conclusions

The two new species of Pseudocricetodon described in this paper extend our knowl-
edge of the genus considerably. They prove, that there are at least four different lin-
eages:

P. philippi, the smallest species known, without any evident relationship with the
other species.

Pseudocricetodon sp. from Montalban 3C, the oldest known representative, with a
highly complicated dental pattern.

P. simplex, with a rather simple dental pattern.

P. adroveri, with a rather complicated dental pattern. P. thaleri may belong to the
adroveri-lineage.

P. montalbanensis may be the ancestor of either P. simplex or P. adroveri, or of both.
Pseudocricetodon sp. from Montalbin 3C may be the ancestor of P. adroveri and/or P.
thaleri.

The Turkish Pseudocricetodontinae do not belong to the genus Pseudocricetodon.
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Table 1. Character states of M;.

MLBI1D HEIM MIR4C MIR4D  ALCN MIR2A VIV
N % N % N % N % N % N % N %
1 ling. anterolophid 73 37 31 12 25 11 26
2 absent 11 151 17 459 11 355 1 83 8 320 0 00 0 00
3 low 21 288 2 54 9 290 10 833 13 520 2 182 12 462
4 interrupted 23 315 10 270 8 258 1 83 4 160 9 818 14 538
5 high 18 247 8 216 3 97 0 00 O 00 O 00 O 00
2 lab. anterolophid 74 38 31 11 24 1 26
2 absent 1 14 2 53 5 161 0 00 2 83 0 00 O 00
3 short 1 149 15 395 0 00 0 00 5 208 1 91 1 38
4 long 50 676 18 474 25 806 8 727 12 500 10 909 14 53.8
5 complete 12 162 3 79 1 32 3 273 5 208 0 00 11 423
3 anterolophulid 71 39 33 11 24 11 27
2 absent 0o 060 2 51 1 30 0 00 0 00 O 00 O 00
3 interrupted 10 141 0 00 1 30 1 91 8 333 0 00 0 00
4 low 42 592 1 26 11 333 1 91 6 250 5 455 23 852
5 complete 19 268 36 923 20 606 9 818 10 41.7 6 545 4 148
4 anterosinusid 75 37 33 12 27 11 27
2 narrow 20 267 10 270 5 152 1 83 5 185 0 00 2 74
3 wide 55 733 27 73.0 28 848 11 917 22 815 11 1000 25 92.6
5 metalophulid 76 40 33 14 26 12 27
2 absent 42 553 16 400 9 273 6 429 16 615 2 167 3 111
3 anterior interrupted 23 303 12 300 8 242 2 143 5 192 6 500 13 481
4 anterior complete 11 145 10 250 11 333 6 429 2 77 4 333 11 407
5 to anteroconid 0 00 2 50 5 152 0 00 3 115 0 00 O 00
6 pcd hind arm 76 38 34 13 26 12 27
3 short free 4 53 3 79 5 147 1 77 5 192 0 00 0 00
4transtomcdlow 5 6.6 12 316 14 412 8 615 7 269 0 00 4 148
Stranstomcd high 56 737 10 263 5 147 1 77 8 308 8 667 19 704
6 long free 1 13 3 79 3 88 2 154 3 115 0 00 0 00
7 bent to med low 4 53 5 132 5 147 1 77 3 115 2 167 1 37
8 bent to mecd high 6 79 5132 2 59 0 00 O 00 2 167 3 111
7 sinusid 76 38 33 13 26 10 27
2 open 59 776 28 737 24 727 4 308 5 192 7 700 7 259
3 closed 8 105 4 105 4 121 9 692 18 692 3 300 19 704
4 ectostylid 9 118 6 158 5 152 0 00 3 115 0 00 1 37
8 sinusid 76 40 34 14 24 12 25
3 transverse 34 447 12 300 30 882 13 929 20 833 6 500 12 480
4 backwards 42 553 28 700 4 118 1 71 4 167 6 500 13 520
9 mesosinusid 77 36 30 12 27 11 23
2 open 0 00 0 00 3 100 1 83 0 00 0 00 0 00
3 closed 0 00 1 28 0 00 0 00 O 00 0 00 0 00
4 mcd ridge open 69 896 31 8.1 16 533 8 667 18 66.7 2 182 16 69.6
5mcdridgeclosed 8 104 4 111 11 367 3 250 9 333 9 818 7 304
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Table 1. (continued).
MLBID HEIM MIR4C  MIR4D  ALCN MIR2A VIv
N % N % N % N % N % N % N %
10 ectolophid 77 40 34 14 25 12 25
2 longitudinal 66 857 38 950 33 971 13 929 19 760 12 1000 24 96.0
3 oblique 2 26 0 00 0O 00 O0 OO0 O 0O 0 00 0 00
4 curved 2 26 1 25 0 00 0 00 0 00 0 00 0O 00
5 interrupted 7 91 1 25 1 29 1 71 6 240 0 00 1 40
11 mesoconid 76 39 33 14 22 12 25
2 absent 4 579 21 538 22 667 8 571 7 318 9 750 21 840
3 weak 17 224 14 359 8 242 4 286 5 227 3 250 3 120
4 strong 15 197 4 103 3 91 2 143 10 455 0 00 1 40
12 mesolophid 77 39 34 14 24 12 26
2 absent 6 78 0 00 7 206 3 214 6 250 2 167 0 00
3 short 9 117 11 282 10 294 8 571 8 333 2 167 3 115
4 medium 52 675 27 692 15 441 3 214 10 417 5 417 15 577
5long 10 130 1 26 2 59 0 00 O 00 3 250 8 308
13 2nd mesolophid 77 39 34 13 25 12 26
2 absent 37 481 14 359 28 824 11 846 251000 1 83 4 154
3 short 12 156 12 308 4 118 2 154 0 00 2 167 8 308
4 medium 26 338 13 333 2 59 0 00 O 00 9 750 11 423
5long 2 26 0 00 0O 00 O 00 O 00 O 00 3 115
14 ectomesolophid 75 39 32 13 24 12 26
2 absent 18 240 14 359 15 469 6 462 4 167 1 83 2 77
3 weak 18 240 10 256 10 313 6 462 6 250 4 333 10 385
4 strong 37 493 15 385 5 156 1 77 14 583 6 500 5 19.2
5 double 2 27 0 00 2 63 0 00 O 00 1 83 9 346
15 hypolophulid 76 40 34 14 25 12 25
2 anterior oblique 4 53 4 100 2 59 0 00 1 40 3 250 2 80
3 anterior transverse 66 868 34 850 31 912 13 929 24 96.0 8 667 21 84.0
4 transverse 66 2 50 1 29 1 71 0 00 1 83 2 80
5 backwards 1 13 0 00 O 00 O OO O OO O 00 O 00
16 hypoconid branch 77 39 32 14 24 12 24
2 absent 75 974 37 949 26 813 12 857 14 583 12 1000 21 875
3 short 0 00 2 51 6 188 2 143 7 292 0 00 2 83
4 long 0 00 0 060 0O 00 O 00 1 42 0 00 0 00
5 long connected 2 26 0 60 0 00 O 00 2 83 0 00 1 42
17 posterosinusid 76 38 31 11 26 11 23
2 open 0 00 2 53 2 65 0 00 1 38 0 00 1 43
3 closed 76 100.0 36 947 29 935 11 1000 25 962 11 1000 22 957
18 lab. posterolophid 77 37 33 14 22 12 25
2 absent 56 727 26 703 32 970 13 929 221000 12 1000 20 80.0
3 small 21 27.3 9 243 1 30 1 71 0 00 0 00 4 160
4 strong 0 00 2 54 0 00 ©0 00 O 00 O 00 1 40
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Table 2. Character states of M,

MLBID HEM MIR4C  MIR4D ALCN MIR2A VIV
N % N % N % N % N % N % N %
1lab. anterolophid 84 39 35 15 23 13 29
2 absent 6 71 0 00 0O 00 O 00 0 00 7 538 3 103
3 short 55 655 13 333 13 371 4 267 5 217 5 385 14 483
4 to pcd 23 274 26 667 21 600 11 733 18 783 1 77 12 414
5 around pcd 6 60 0 00 1 29 ©0 00 O 00 O 00 0 00
2 anterolophulid 90 40 36 15 23 14 31
3 interrupted 5 56 1 25 0 00 0 00 0 00 O 00 0 00
4 low 3 33 1 25 0 00 O 00 0O 00 O 00 1 32
5 complete 82 911 38 950 36 1000 15 1000 23 1000 14 1000 30 96.8
3 metalophulid 90 41 36 15 25 15 30
3 anterior interrupted 3 3.3 1 24 3 83 1 67 2 80 0 00 o0 00
5 to anterolophulid 86 956 40 976 33 917 14 933 23 920 15 1000 30 100.0
6 to protoconid 1 11 0 00 O 00 O OO0 O 00O O 00 O 00
4 metalophld-spur 90 41 36 15 25 14 30
2 absent 67 744 29 707 35 972 151000 24 960 12 857 16 533
3 weak 10 111 3 73 1 28 0 00 0 00 2 143 12 400
4 strong 13 144 9 220 0 00 0 00 1 40 O 00 2 67
5 ped hind arm 89 42 36 15 27 15 31
3 short free 19 213 2 48 12 333 1 67 6 222 3 200 2 65
4transtomcdlow 18 202 0 00 7 194 4 267 1 37 2 133 5 161
6 long free 48 539 36 857 12 333 10 667 18 667 8 533 23 742
7 bent to med low 4 45 2 48 5 139 0 00 2 74 2 133 1 32
8benttomedhigh 0 00 2 48 0 00 0 00 0 00 O 00 0 00
6 sinusid 87 42 36 15 25 13 30
2 open 76 874 39 929 35 972 14 933 12 480 13 1000 25 833
3 closed 10 115 2 48 1 28 0 00 13 520 0 00 5 167
4 ectostylid 1 11 1 24 0 00 1 67 0 00 0 00 O 00
7 sinusid 90 42 36 15 28 14 32
3 transverse 59 656 13 31.0 27 750 13 867 22 786 5 357 11 344
4 backwards 31 344 29 690 9 250 2 133 6 214 9 643 21 656
8 mesosinusid 90 42 35 15 26 16 29
2 open 7 78 0 00 2 57 2 133 3 115 1 63 7 241
3 closed 0 00 0 00 1 29 0 00 1 38 1 63 3 103
4 mcd ridge open 73 811 37 881 12 343 10 667 14 538 5 313 8 276
5mcd ridge closed 10 11.1 5 119 20 571 3 200 8 308 9 563 11 379
9 ectolophid 89 30 35 14 24 14 32
2 high 51 573 10 333 29 829 11 786 13 542 14 1000 30 938
3 low 37 416 19 633 6 171 2 143 10 417 0 00 2 63
4 interrupted 1 11 1 33 0 00 1 71 1 42 0 00 0 00
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Table 2. (continued).
MLBID HEM MIR4C  MIR4D ALCN MIR2A A\%\%
N % N % N % N % N % N % N %
10 mesoconid 89 37 35 15 26 14 31
2 absent 50 562 23 622 30 857 151000 21 808 11 786 30 968
3 weak 29 326 13 3.1 5 143 0 00 3 115 3 214 1 32
4 strong 0 1122 1 27 0 00 0 00 2 77 0 00 O 00
11 mesolophid 90 42 36 15 28 15 31
2 absent 1 11 0 00 3 83 2 133 3 107 1 67 0 00
3 short 3 33 2 48 13 31 4 267 5 179 5 333 2 65
4 medium 56 622 32 762 18 500 9 600 20 714 9 600 19 613
5long 30 33 8 190 2 56 0 00 0O 00 O 00 10 323
12 mesolophid 87 40 36 15 26 15 31
2 simple 60 69.0 34 85.0 36 100.0 15 1000 26 1000 10 667 6 194
3 branched 27 310 6 150 0 00 O 00 O 00 5 333 25 806
13 ectomesolophid 90 42 36 15 28 14 32
2 absent 12 133 11 262 3 83 1 67 4 143 3 214 3 94
3 weak 25 278 13 310 13 361 5 333 9 321 9 643 23 719
4 strong 53 589 18 429 20 556 9 600 15 536 2 143 6 188
14 hypolophulid 90 40 36 15 28 15 32
2 anterior oblique 44 489 26 650 7 194 4 267 19 679 8 533 15 469
3 anterior transverse 46 51.1 14 350 29 806 11 733 9 321 7 467 17 53.1
15 hypoconid branch 90 40 36 15 28 15 31
2 absent 87 967 401000 34 944 14 933 27 9.4 15 1000 28 903
3 short 111 o0 00 2 56 1 67 1 36 0 00 2 65
4 long 1 11 0 00 O 00 O OGO O 0O O 00 O 00
5 long connected 1 11 0 o0 0 00O O 00 O 00 O 00 1 32
16 posterosinusid 89 39 36 15 29 14 28
2 open 1 11 4103 2 56 1 67 1 34 1 71 1 36
3 closed 8 989 35 897 34 944 14 933 28 966 13 929 27 964
17 lab. posterolophid 85 39 36 15 27 14 31
2 absent 58 682 25 641 33 91.7 14 933 23 852 14 1000 23 742
3 small 27 318 14 359 3 83 0 00 4 148 0 00 8 258
4 strong 0 00 0 00 O 00 1 67 0O 00 O 00 O 00
18 greatest width 88 42 36 15 23 14 29
2 anterior 3 34 0 00 2 56 0 00 1 43 0 00 1 34
3 equal 20 227 8 190 16 444 5 333 5 217 3 214 2 69
4 posterior 65 739 34 810 18 500 10 667 17 739 11 786 26 89.7
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Table 3. Character states of M,

MLB1D HEIM MIR4C MIR4D  ALCN MIR2A VIV
N % N % N % N % N % N % N %

1 lab. anterolophid 76 28 33 11 24 12 15

2 absent 1 13 0 60 0 00 O 00 1 42 0 00 0 00

3 short 44 579 10 357 28 848 4 364 8 333 12 1000 7 467

4 to ped 31 408 18 643 5 152 7 636 15 625 0 00 8 533
2 anterolophulid 74 26 33 12 24 12 14

3 interrupted 0 00 0 00 O 00 O 00 O 00 1 83 0 00

4 short 9 122 8 308 1 30 5 417 5 208 3 250 3 214

5long 65 878 18 69.2 32 970 7 583 19 792 8 667 11 786
3 anterosinusid 77 28 33 12 25 12 15

2 absent 0 00 0 00 1 30 1 83 0 00 0 00 0 o0

3 narrow 1 13 1 36 0 00 1 83 1 40 0 00 1 67

4 wide 76 987 27 9.4 32 970 10 833 24 96.0 12 1000 14 93.3
4 metalophulid 77 28 33 12 25 12 15

2 absent 4 52 0 00 1 30 o0 00 1 40 0 00 o0 00

3 anterior interrupted 9 117 4 143 1 30 0 00 2 80 1 83 0 00

4 to anteroconid 0 00 0 00 10 303 6 500 9 360 0 00 1 67

5to anterolophulid 62 805 23 81 21 636 5 417 13 520 10 833 13 867

6 to protoconid 2 26 1 36 0 00 1 83 0 00 1 83 1 67
5 metalophld-spur 77 28 32 12 25 12 15

2 absent 44 571 19 679 22 688 9 750 23 920 7 583 7 46.7

3 weak 14 182 4 143 5 156 1 83 2 80 4 333 5 333

4 strong 19 247 5 179 5 156 2 167 0 00 1 83 3 200
6 pcd hind arm 77 28 32 12 25 12 14

3 short free 8 104 0 00 O 00 2 167 2 80 1 83 2 143

4 trans to mcd low 4 52 0 00 0 00 O 00 0 00 1 83 0 00

6 long free 58 753 26 929 29 906 10 833 23 920 10 833 12 857

7 bent to med low 5 6.5 2 71 3 94 0 00 O 00 0 00 0 00

8benttomed high 2 26 0 00 0 00 0O 00 0 00 0 00 0 00
7 sinusid 76 28 32 11 24 12 15

2 open 68 89.5 28 100.0 32 1000 11 100.0 21 875 12 1000 10 66.7

3 closed 8 105 0 060 0 00 O 00 3 125 0 00 5 333
8 sinusid 77 27 32 12 25 12 15

3 narrow transverse 7 9.1 0 00 3 94 0 00 0 00 0 00 1 67

4 broad transverse 9 117 4 148 16 500 11 917 13 520 3 250 3 200

5 narrow backwards 21 27.3 5 185 2 63 0 00 O 00 2 167 3 200

6 broad backwards 40 519 18 667 11 344 1 83 12 480 7 583 8 533
9 mesosinusid 75 26 30 12 24 12 15

2 open 34 453 6 231 10 333 1 83 10 417 5 417 2 133

3 closed 41 547 20 769 20 667 11 917 14 583 7 583 13 867
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Table 3. (continued).

MLB1ID  HEIM MIR4C MIR4D  ALCN MIR2A VIV
N % N % N % N % N % N % N %

10 mesolophid 77 28 31 12 25 12 15

2 absent 6 78 10 357 30 968 11 917 24 9.0 2 167 9 600

3 short 20 260 8 286 1 32 0 00 1 40 8 667 4 267

4 medium 48 623 10 37 0 00 1 83 0 00 2 167 1 67

5long 3 3 o0 00 O 00 O 00 O 00 O 00 1 67
11 mesolophid 74 18 31 12 25 12 15

2 simple 63 851 16 889 31 100.0 12 1000 251000 12 1000 14 93.3

3 branched 1 149 2 111 0 00 0 00 0 00 O 00 1 67
12 ectolophid 69 22 31 12 25 12 15

2low 23 333 2 91 0 00 O 00 1 40 o0 00 0 00

3 interrupted 4 58 1 45 0 00 O 00 1 40 0 00 0 00

4 complete 42 609 19 864 31 1000 12 1000 23 920 12 1000 15 100.0
13 mesoconid 72 25 31 12 25 12 14

2 absent 55 764 22 88.0 31 1000 12 1000 251000 11 917 14 100.0

3 small 9 125 1 40 0 00 O 00 O 00 1 83 0 00

4 large 8§ 111 2 80 ©O0 00 O 00 O 00 O 00 O 00
14 ectomesolophid 77 27 31 12 25 12 15

2 absent 7 91 9 333 22 71.0 11 917 22 880 6 500 3 200

3 weak 24 312 9 333 8 258 1 83 3 120 6 500 11 733

4 strong 46 597 9 333 1 32 0 00 0O 00 O 00 1 67
15 entoconid 77 27 30 12 24 12 15

2 absent 0 00 0 00O 1 33 1 83 0 00 2 167 2 133

3 small 1 13 1 37 10 333 4 333 7 292 2 167 4 267

4 large 76 987 26 93 19 633 7 583 17 708 8 667 9 600
16 hypolophulid 76 27 31 12 25 12 15

2 anterior oblique 55 724 12 444 14 452 3 250 7 280 7 583 10 66.7

3 anterior transverse 18 237 13 481 17 548 9 750 18 720 1 83 2 133

4 transverse 0O 00 0 00 O 00 O 00O O 00 O 00 1 67

5 interrupted 3 39 2 74 0 00 O 00 O 00 4 333 2 133
17 posterosinusid 72 26 30 12 25 11 15

2 open 7 97 o0 00 2 67 0 00 O 00 O 00 O 00

3 half closed 21 292 0 00 8 267 2 167 7 280 0 00 7 467

4 closed 44 61.1 261000 20 667 10 833 18 720 11 1000 8 533
18 shape 76 28 30 12 24 12 15

2 short triangle 0 00 0O 00 O OO O 00 1 42 O 00 0O 00

3 long triangle 0 00 O 00 24 8O0 9 750 6 250 3 250 2 133

4 trapezoid 76 1000 281000 6 200 3 250 17 708 9 750 13 86.7




92 Freudenthal et al. Pseudocricetodon in the Upper Oligocene of Teruel (Spain), Scripta Geol. 104

Table 4. Character states of M

MLB1D HEIM MIR4C MIR4D  ALCN MIR2A VIV

N % N % N % N % N % N % N %

1 anterocone 59 33 21 5 23 7 17
2 simple 47 797 27 818 13 619 3 600 19 826 5 714 17 100.0
3 half-split 10 16.9 6 182 4 190 0 00 1 43 2 286 0 00
4 bifid 2 34 0 00 4 190 2 400 3 130 0 00 0 00

2 prelobe 68 34 26 5 24 8 18
4 broad set-off 33 485 20 588 11 423 3 600 15 625 5 625 13 722
5broad continuous 35 515 14 412 15 577 2 400 9 375 3 375 5 278

3 anterolophule 66 34 23 5 23 7 18
2 absent 0 00 0 00 1 43 1 200 6 261 0 00 O 00
3 ac-spur 0 00 1 29 3 130 0O 00 2 87 0 00 2 111
4 pc-spur 8 121 4 118 15 652 3 600 8 348 0 00 0 00
5 ac + pc spurs 47 712 25 735 4 174 1 200 6 261 3 429 8 444
6 complete 5 76 2 59 0 00 0 00 O 00 0 00 0 00
7 double 6 91 2 59 0 00 0O 00 1 43 4 571 8 444

4 forward pac-spur 77 34 29 5 25 12 22
2 absent 56 727 24 706 22 759 51000 19 76.0 9 750 14 636
3 free 11 143 4 118 6 207 0 00 1 40 0 00 3 136
4 to anterostyl 3 39 5 147 0 00 O 00 5 200 2 167 5 227
5 to anterocone 7 91 1 29 1 34 0 00 0 00 1 83 0 00

5 ling. anteroloph 70 31 28 5 24 10 21
2 incomplete 5 71 1 32 3 107 1 200 2 83 0 00 0 00
3 complete 50 714 22 710 25 893 4 800 17 70.8 9 900 8 381
4 protostyl 15 214 8 258 0 00 O 00 5 208 1 100 13 619

6 protocone platform 80 33 28 6 23 10 21
2 absent 46 575 18 545 19 679 4 667 10 435 3 300 1 48
3 small 25 313 6 182 4 143 1 167 5 217 5 500 2 95
4 large 7 88 2 61 0 00 0 00 4 174 1 100 14 66.7
5 crest 2 25 7 212 5 179 1 167 4 174 1 100 4 190

7 anterosinus 66 34 23 5 24 8 18
2 open 29 439 10 294 3 130 1 200 2 83 5 625 0 00
3 closed 27 409 20 588 14 609 2 400 18 750 3 375 15 833
4 anterostyl 10 152 4 118 6 261 2 400 4 167 0 00 3 167

8 protolophule 84 34 29 6 25 13 22
3 anterior 3 36 0 00 1 34 0 00 0 00 0 00 0 00
4 anterior plus 1 12 0 00 O 00 O 00 0 00 0 00 0 00
5 transverse 1 12 0 00 2 69 0 00 O 00 0 00 0 00
6 double 1 12 1 29 1 34 0 00 1 40 0 00 0 00
7 posterior plus 2 24 2 59 11 379 1 167 11 440 0 00 6 273
8 posterior interrupted 2 2.4 3 88 1 34 0 00 0 00 1 77 0 00
9 posterior 74 881 28 824 13 448 4 667 13 520 12 923 16 727
10 absent 0 00 O 00 0O 00 1 167 0 00 0 00 0 00

9 sinus 83 33 29 5 25 13 22
2 open 78 940 29 879 14 483 4 800 15 60.0 11 846 13 591
3 closed 1 12 2 61 4 138 0 00 4 160 0 00 2 91
4 entosty! 4 48 2 61 11 379 1 200 6 240 2 154 7 318
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Table 4. (continued).
MLB1ID HEM MIR4C  MIR4D ALCN MIR2A VIV
N % N % N % N % N % N % N %
10 sinus 84 31 29 6 27 13 23
2 strong forward 20 238 2 65 3 103 0 00 2 74 5 385 9 391
3 forward 60 714 28 903 16 552 1 167 21 778 8 615 11 478
4 subdivided 2 24 1 32 0 00 O 00 0 00 0 00 0 00
5 transverse 2 24 0 00 10 345 5 833 4 148 0 00 3 130
11 entoloph 71 23 29 6 22 13 21
2 high 48 676 16 696 27 931 5 833 21 955 8 615 16 762
3 low 16 225 7 304 2 69 1 167 1 45 1 77 5 238
4 interrupted 7 99 0 00 0O 00 O 00 O 00 4 308 0 00
12 mesosinus 80 33 28 6 27 13 21
2 open 6 75 2 61 3 107 2 333 0 00 1 77 2 95
3 closed 4 50 4 121 3 107 0 00 2 74 3 231 9 429
4 mesostyl 48 600 14 24 5 179 1 167 9 333 2 154 3 143
5 mesostyl crest 15 188 9 273 8 286 1 167 13 481 4 308 6 286
6 mesostyltomesoloph7 88 4 121 9 321 2 333 3 111 3 231 1 48
13 mesoloph 85 34 28 6 27 13 24
2 absent 1 12 0 00 0 00 O 0O O 00 O 00 0O 00
3 short 1 12 2 59 0 00 0 00 4 148 1 77 O 00
4 medium 40 471 27 794 23 821 2 333 18 667 3 231 4 167
5long 14 165 1 29 0 00 O0 00 3 111 7 538 15 625
6 interrupted 0 o0 0 00 1 36 1 167 0 00 0 00 0 00
7 border 29 341 4 118 4 143 3 500 2 74 2 154 5 208
14 2nd mesoloph 85 34 30 6 27 13 23
2 absent 61 718 29 853 27 900 61000 26 93 1 77 8 348
3 short 14 165 3 88 3 100 0 00 1 37 1 77 14 609
4 long 10 118 2 59 0 00 O 00 O 00 11 846 1 43
15 entomesoloph 84 34 29 6 27 13 23
2 absent 82 976 341000 28 966 6 1000 23 852 10 769 13 56.5
3 short 1 12 o0 00 1 34 0 00 2 74 2 154 5 217
4long 1 12 0 00 0 00 O 00 2 74 1 77 5 217
16 mesoloph-mc conn. 83 33 29 5 27 13 23
2 absent 56 663 23 697 28 966 51000 27 1000 9 692 14 609
3 one crest 28 337 10 303 1 34 0 00 O 00 4 308 9 391
17 metalophule 83 34 29 5 27 13 23
2 anterior 80 964 34 100.0 29 1000 5 1000 27 1000 13 100.0 23 100.0
3 anterior interrupted 1 12 0 00 0 00 0O 00 O 00 O 00 O 00
4 anterior plus 1 12 0 00 0 00 0 00 O 00 O 00 O 00
10 absent 1 12 0 00 0 00 O 00 O 00 O 00 O 00
18 posterosinus 78 34 28 5 25 12 22
2 open 6 77 4 118 10 357 0 00 11 440 7 583 22 1000
3 closed 72 923 30 882 18 643 51000 14 560 5 417 0 00
19 labial border 68 33 23 4 24 7 17
2 hollow 16 235 7 212 1 43 0 00 4 167 2 286 5 294
3 straight 24 353 11 333 12 522 41000 11 458 3 429 7 412
4 convex 28 412 15 455 10 435 0 00 9 375 2 286 5 294
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Table 5. Character states of M?

MLB1ID HEIM MIR4C  MIR4D ALCN MIR2A vViv
N % N % N % N % N % N % N %
1 ling. anteroloph 82 30 39 8 36 10 33
2 absent 9 110 2 67 1 26 0 00 O 00 3 300 0 00
3 weak 51 622 14 467 14 359 0 00 17 472 4 400 17 515
4 strong 20 244 13 433 13 333 5 625 13 36.1 3 300 16 485
5 around pc 2 24 1 33 11 282 3 375 6 167 0 00 0 00
2 protolophule 82 30 39 9 37 10 33
3 anterior 5 61 1 33 2 51 1 111 3 81 0 00 3 91
4 anterior plus 75 915 28 933 37 949 8 889 32 865 9 900 27 818
6 double 1 12 0 00 0 00 O 00 2 54 1 100 3 91
7 posterior plus 1 12 1 33 0 00 O 00 O 00O O 00 O 00
3 sinus 81 28 38 6 37 10 32
2 open 72 889 20 714 19 500 1 167 13 351 10 1000 22 68.8
3 closed 8 99 6 214 15 395 4 667 22 595 0 00 8 250
4 entostyl 1 12 2 71 4 105 1 167 2 54 0 00 2 63
4 sinus 81 30 39 9 36 10 32
2 strong forward 24 296 10 333 4 103 0 00 1 238 0 00 9 281
3 forward 30 370 14 467 13 333 1 111 30 833 4 400 19 594
4 subdivided 27 333 4 133 0 00 1 111 1 28 0 00 3 94
5 transverse 0 00 2 67 22 564 7 778 4 111 6 600 1 31
5 mesosinus 79 30 40 7 38 9 33
2 open 22 278 10 333 5 125 2 286 3 79 1 111 1 30
3 closed 10 127 3 100 8 200 1 143 5 132 2 222 14 424
4 pac-spur 13 165 5 167 6 150 0 00 2 53 0 00 7 212
5 mesostyl 19 24.1 9 300 6 150 2 286 12 316 3 333 4 121
6 mesostyl crest 7 89 1 33 12 300 1 143 14 368 0 00 5 152
7 mesostyl to mesoloph 8 10.1 2 67 3 75 1 143 2 53 3 333 2 61
6 mesoloph 80 30 39 9 38 10 33
3 short 4 50 0 00 5 128 0 00 1 26 1 100 0 00
4 medium 58 725 12 400 31 795 6 667 25 658 4 400 15 455
5 long 12 150 6 200 2 51 1 111 5 132 5 500 16 485
6 interrupted 3 38 2 67 0 00 1 111 1 26 0 00 0 00
7 border 3 38 10 333 1 26 1 111 6 158 0 00 2 61
7 2nd mesoloph 79 28 39 9 36 10 31
2 absent 39 494 22 786 31 795 7 778 31 86.1 5 500 24 774
3 short 6 76 1 36 3 77 1 111 4 111 1 100 5 161
4 long 34 430 5179 5 128 1 111 1 28 4 400 2 65
8 mesoloph-mc conn. 78 30 39 9 37 10 33
2 absent 59 756 22 733 35 897 91000 32 8.5 6 600 13 394
3 one crest 18 23.1 7 233 4 103 0 00 5 135 4 400 19 576
4 two crests 1 13 T 33 0 00 0 00 0 00 0 00 1 30
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Table 5. (continued).
MLBID HEM MIR4C  MIR4D  ALCN MIR2A VIV
N % N % N % N % N % N % N %
9 entoloph-pc conn. 60 28 37 9 29 10 28
2 high 44 733 24 8.7 24 649 91000 23 793 9 900 17 607
3 low 15 250 3 107 12 324 0 00 6 207 0O 00 9 321
4 interrupted 1 17 1 36 1 27 0 00 0 00 1 100 2 71
10 pc-he conn. 82 30 39 9 37 10 32
2 absent 44 537 23 767 36 923 9 1000 36 973 10 1000 26 81.3
3 weak 26 317 2 67 1 26 0 00 0 00 O 00 5 156
4 interrupted 6 00 3 100 0 00 0 00O O 00 O 00 O OO0
5 low 8 98 0 00 O 00 O OO0 O 00 0 00 O 0O
6 complete 4 49 2 67 2 51 0 00 1 27 0 00 1 31
11 metalophule 81 30 39 9 38 10 33
2 anterior 81 1000 30 100.0 39 100.0 9 1000 381000 9 900 32 97.0
4 anterior plus 0 00 0 00 0 00 O 00 0 00 1 100 0 00
5 transverse 0 00 0 00 O 00 O 00 0 00 0 00 1 30
12 posterosinus 78 27 38 7 35 10 33
2 open 2 26 1 37 7 184 0 00 25 714 1 100 30 909
3 closed 76 974 26 963 31 816 7 1000 10 286 9 900 3 9.1
13 shape 80 27 38 7 36 10 32
2 subrectangular 33 413 10 370 6 158 1 143 9 250 8 80.0 20 625
3 trapezoid 47 587 17 63.0 32 842 6 857 27 750 2 200 12 375
14 labial border 80 28 39 7 36 9 32
2 concave 63 788 26 929 24 615 5 714 34 944 3 333 16 500
3 straight 17 213 1 36 15 385 2 286 2 56 6 667 15 469
4 convex 0 00 1 36 0O 00 0 00 0 00 0 00 1 31
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Table 6. Character states of M°

MLBID  HEIM MIR4C MIR4D  ALCN MIR2A VIV
N % N % N % N % N % N % N %
1 ling. anteroloph 80 15 38 9 36 10 28
2 absent 6 75 1 67 6 158 3 333 5 139 1 100 9 321
3 weak 31 388 11 733 23 605 4 444 17 472 5 500 16 57.1
4 strong 34 425 0 060 3 79 1 111 9 250 1 100 3 107
5 around pc 9 113 3 200 6 158 1 111 5 139 3 300 0 00
2 protolophule 80 15 39 9 36 10 30
2 absent 0 0.0 0 060 0 00 0 00 0 00 0 00 2 67
3 to anterocone 22 275 7 467 33 846 9 1000 30 833 1 100 6 200
4 to anterolophule 53 66.3 8 533 5 128 0 00 6 167 9 900 20 66.7
5 transverse 1 13 0 00 0 00O O 00 0 00 0 00 2 67
6 double 4 50 0 00 1 26 0 00 O 00 0 00 0 00
3 sinus 77 14 38 9 37 9 30
2 absent 2 26 0 00 0 00 O 00 O 00 0 00 1 33
3 very small 25 325 3 214 4 105 1 111 2 54 1 111 9 300
4 small 43 558 11 786 34 895 8 889 35 946 8 889 20 667
5 deep 7 91 0 060 0 00 O 00 O 00 0 00 0 00
4 neo-entoloph 74 14 36 9 37 8 32
2 absent 4 54 0 00 0 0O O 00 O 00 0 00 0 00
3 interrupted 1 14 0 00 0 0O O 00 O 00 0 00 0 00
4 low 10 135 0 00 1 28 0 00 1 27 0 00 0 00
5 high 59 79.7 14 1000 35 972 9 1000 36 973 8 100.0 32 100.0
5 mesosinus 79 15 36 10 37 8 31
2 open 3 38 1 67 2 56 0 00 0 00 0 00 1 32
3 closed 76 962 14 933 34 944 10 1000 37 100.0 8 100.0 30 96.8
6 mesoloph 74 15 36 10 37 8 29
2 absent 8 10.8 0 00 0 00 0 00 1 27 1 125 10 345
3 short 16 21.6 3 200 2 56 0 00 2 54 4 500 9 310
4 medium 40 541 11 733 9 250 7 700 14 378 3 375 8 276
5 long 10 13.5 1 67 19 528 1 100 20 541 0 00 2 69
6 border 0 00 00 6 167 2 200 0 00 ¢ 00 0 00
7 2nd mesoloph 73 15 35 9 36 8 32
2 absent 44 603 14 933 24 686 5 556 29 806 6 750 321000
3 short 14 19.2 1 67 5 143 1 111 5 139 1 125 0 00
4 long 15 20.5 0 00 6 171 3 333 2 56 1 125 0 00
8 old entoloph 79 17 37 9 37 8 29
2 absent 8 10.1 1 59 26 703 6 667 27 73.0 3 375 3 103
3 short spur 11 139 3 176 0 00 1 111 2 54 2 250 6 207
4 curved spur 17 215 1 59 0 00 1 111 0 00 0 00 6 207
5 long spur 13 165 5 294 3 81 0 00 4 108 3 375 12 414
6 complete 30 38.0 7 412 8 216 1 111 4 108 0 00 2 69
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Table 6. (continued).
MLBID HEM MIR4C  MIR4D ALCN MIR2A VIV
N % N % N % N % N % N % N %
9 axioloph 75 17 37 9 37 8 29
2 absent 30 400 16 941 7 189 1 111 11 297 5 625 26 89.7
3 anterior spur 31 413 0 00 4 108 0 00 5 135 1 125 0 00
4 post. spur short 2 27 1 59 0 00 O 00 2 54 1 125 3 103
5 post. spur long 5 67 0 00 17 459 6 667 10 270 1 125 0 00
6 two spurs 3 40 0 00 O 00 O 00 1 27 0 00 0 00
7 complete 4 53 0 00 9 243 2 222 206 0 00 O 00
10 centroloph 78 13 35 9 37 8 29
2 absent 1 13 1 77 1 29 0 00 0O 00 O 00 0 00
3 weak 7 90 o0 00 O 00 O 00 1 27 1 125 4 138
4 strong 54 692 8 615 13 371 5 556 35 946 5 625 25 86.2
5 = metalophule 16 205 4 308 21 600 4 444 1 27 2 250 0 00
11 centrocone 74 17 35 8 37 8 29
2 absent 60 811 16 941 34 971 8 1000 31 838 7 875 26 89.7
3 present 3 41 0O 00 0 00 O 00 2 54 0 00 0 00
4 isolated 1 14 0 00 O 00 O 00 2 54 0 00 2 69
S5onoldentoloph 10 135 1 59 1 29 0 00 2 54 1 125 1 34
12 metacone 71 13 31 8 37 8 30
2 absent 45 634 7 538 3 97 3 375 31 88 7 875 25 833
3 present 26 366 6 462 28 903 5 625 6 162 1 125 5 167
13 posterosinus 77 13 34 8 37 8 32
2 open 3 39 2154 1 29 0 00 O 00 O 00 1 31
3 closed 74 961 11 846 33 971 8 1000 37 1000 8 1000 31 96.9
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Table 7. Comparison of some character states for Pseudocricetodon from Montalbdn 1D, Mirambueno
4B, and Mirambueno 4C.

MLB1D MIR4B MIR4C
N % N % N Y%
M,
5 metalophulid 63 5 33
2 absent 36 57.1 4 80.0 9 27.3
3 anterior interrupted 18 286 0 0.0 8 242
4 anterior complete 9 14.3 1 20.0 1 33.3
5 to anteroconid 0 0.0 0 0.0 5 15.2
M,
1 lab. anterolophid 86 3 35
2 absent 6 7.0 1 33.3 0 0.0
3 short 55 64.0 2 66.7 13 371
4 to ped 25 29.1 0 0.0 21 60.0
5 around pcd 0 0.0 0 0.0 1 29
M,
10 mesolophid 43 2 31
2 absent 3 7.0 1 50.0 30 96.8
3 short 7 16.3 1 50.0 1 3.2
4 medium 30 69.8 0 0.0 0 0.0
5long 3 7.0 0 0.0 0 0.0
13 mesoconid 43 2 31
2 absent 26 60.5 1 50.0 31 100.0
3 small 9 20.9 1 50.0 0 0.0
4 large 8 18.6 0 0.0 0 0.0
M!
3 anterolophule 66 6 23
2 absent 0 0.0 1 16.7 1 4.3
3 ac-spur 0 0.0 1 16.7 3 13.0
4 pc-spur 8 12.1 1 16.7 15 65.2
5 ac + pc spurs 47 71.2 2 33.3 4 17.4
6 complete 5 7.6 1 16.7 0 0.0
7 double 6 9.1 0 0.0 0 0.0
4 forward pac-spur 77 8 29
2 absent 56 72.7 7 87.5 22 75.9
3 free 11 14.3 0 0.0 6 20.7
4 to anterostyl 3 3.9 1 125 0 0.0
5 to anterocone 7 9.1 0 0.0 1 34
6 protocone platform 80 6 28
2 absent 46 57.5 3 50.0 19 67.9
3 small 25 31.3 3 50.0 4 14.3
4 large 7 8.8 0 0.0 0 0.0
5 crest 2 25 0 0.0 5 179
M2
13 shape 80 6 38
2 subrectangular 33 41.3 4 66.7 6 15.8

3 trapezoid 47 58.7 2 33.3 32 84.2
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Table 8. Measurements of lower molars (* = P. philippi).

n min. mean max. \'A [+ n min. mean max. V’ [

M,

COD 15 129 1381 152 1637 0.647 15 82 896 9.8 17.78 0.504
\"%2\% 23 119 1329 147 21.05 0715 24 82 883 95 1469 0357
MIR2A 10 128 1343 143 11.07 0460 12 82 877 94 1364 0347
ALC 26 122 1328 145 1723 0.612 26 8.1 863 95 1591 0.349
MIR4D 14 123 13.06 141 13.64 0.483 14 82 858 9.1 1040 0.309
MIR4C 32 121 1315 142 1597 0.529 31 78 864 9.1 1538 0.340
MIR4C* 2 111 11.20 113 1.79 0.141 2 71 740 77 811 0424
MIR4B 4 115 1215 124 753 0.436 5 77 814 87 1220 0.378
MLBID 76 113 1241 133 1626 0.540 79 76 849 93 2012 0354
SMC* 11 9.0 951 101 11.52 0.383 12 59 646 7.1 1846 0.360
M,

COD 13 110 1196 129 1590 0.601 13 88 992 106 1856 0.596
\'2\% 30 107 1134 122 1310 0.378 32 84 956 10.1 1838 0.384
MIR2A 15 108 1141 121 1135 0.301 15 9.0 954 99 952 0.269
ALC 24 112 1179 125 1097 0.383 25 93 9.82 105 1212 0.337
MIR4D 16 11.0 11.79 122 1034 0.310 16 95 9.78 102 711 0.168
MIR4C 36 107 11,53 123 1391 0442 35 86 955 104 1895 0.429
MIR4B 3 108 11.00 113 452 0.265 2 94 950 9.6 211 0.141
MLB1D 98 96 11.00 122 2385 0444 99 8.0 964 109 3069 0482
SMC* 14 75 8.76 10.0 2857 0.589 14 64 756 89 3268 0.593
M,

COD 4 106 1117 116 9.01 0435 4 83 927 9.8 1657 0.670
VIV 15 95 1064 118 2160 0.653 15 81 897 101 2198 0.545
MIR2A 11 99 1065 11.7 16.67 0.450 12 80 877 9.6 18.18 0.393
ALC 25 93 1028 113 1942 0.519 25 80 882 99 2123 0480
MIR4D 12 93 1042 109 1584 0.463 11 85 889 94 1006 0.251
MIR4C 35 9.1 10.06 11.0 1891 0.498 35 79 865 93 1628 0.342
MIR4B 2 94 10.00 106 1200 0.849 2 78 830 88 1205 0.707
MLBID 76 95 1052 114 1818 0.425 76 77 892 99 2500 0439

SMC* 10 73 799 9.0 2086 0472 10 65 690 79 1944 0427
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Table 9. Measurements of upper molars (* = P. philippi).

n  min. mean max. \'A c n min. mean max. V’ (o

M!

COD 14 141 1500 157 1074 0.491 14 93 9.87 106 1307 0.331
A\%\% 17 132 1451 154 1538 0.557 24 91 973 107 16.16 0.445
MIR2A 5 150 1510 154 263 0173 9 90 973 10.1 1152 0.328
ALC 24 142 1504 159 1130 0470 24 91 1008 110 1891 0433
MIR4D 4 142 1473 153 746 0479 6 92 983 102 103 0.383
MIR4C 20 135 1473 161 1757 0.701 27 88 9.80 11.1 23.12 0545
MIR4C* 1 12.70 1 9.40

MIR4B 5 131 1348 139 593 0.363 8§ 86 919 9.7 1202 0432
MLBID 61 126 1389 151 18.05 0.59 83 86 977 108 2268 0415
SMC* 8 105 1144 122 1498 0.623 13 72 768 85 1656 0.387
M2

COD 8 102 1090 11.7 13.70 0447 8 97 1016 108 10.73 0.370
A4 33 95 1056 113 1731 0437 33 90 988 106 16.33 0.367
MIR2A 10 101 1074 113 11.21 0.392 10 93 9.77 10.1 8.25 0.271
ALC 36 104 11.17 119 1345 0.400 37 95 1051 113 1731 0433
MIR4D 9 107 11.09 120 1145 0476 9 99 1023 107 7.77 0.316
MIR4C 40 100 1089 119 1735 0.454 41 95 1023 110 1463 0361
MIR4AC* 1 9.60 1 9.10

MIR4B 7 100 1034 110 952 0.351 8 94 9.69 10.1 7.18 0236
MLBID 85 9.6 1046 113 1627 0410 88 92 1004 110 17.82 0408
SMC* 15 7.7 8.36 89 1446 0.295 5 71 780 86 1911 0402
M

COD 2 101 1015 102 0.99 0.071 2 98 995 10.1 3.02 0212
VIV 32 7.6 8.72 9.6 2326 0477 32 82 925 99 1878 0411
MIR2A 10 8.4 8.91 99 16.39 0.436 9 83 919 99 1758 0.457
ALC 37 7.5 8.46 9.8 2659 0.436 37 78 9.04 9.8 2273 0439
MIR4D 10 6.9 8.30 9.1 2750 0.585 10 83 877 96 1453 0427
MIR4C 39 7.0 8.31 9.3 2822 0444 39 79 8.81 96 1943 0.369
MIR4B 6 7.9 8.23 88 10.78 0.350 6 84 888 92 9.09 0.319
MLB1D 84 7.7 888 102 2793 0497 80 83 926 108 26.18 0.514

SMC* 2 6.1 655 70 1374 0636 2 69 695 70 144 0.071
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Appendix: Description of character states

M1 inf.

1: ling. anterolophid

- 2 absent: no lingual cingulum descending from the anteroconid.

- 3 low: a low, complete, connection between anteroconid and metaconid.

- 4 interrupted: a high or low incomplete connection.

- 5 high: a complete connection, that is considerably higher than the bottom of the anterosinusid.

2: lab. anterolophid

- 2 absent: no labial cingulum descending from the anteroconid.
- 3 short: a short crest descending from the anteroconid.

- 4 long: the crest is longer, without reaching the protoconid.

- 5 complete: it reaches the protoconid.

3: anterolophulid

- 2 absent: there is no connection between protoconid and anteroconid.

- 3 interrupted: the crest is interrupted, either between protoconid and metalophulid, or between meta-
lophulid and anteroconid.

- 4 low: the entire crest, or part of it, is clearly lower than the anteroconid.

- 5 complete: the crest is continuous and (almost) as high as the anteroconid.

4: anterosinusid
- 2 narrow: the antero-posterior length is smaller than the a-p length of the anteroconid.
- 3 wide: its length is equal to or larger than the length of the anteroconid.

5: metalophulid

- 2 absent: no anterior metalophulid; the antero-labial wall of the metaconid, or at least its base, is
smooth and round.

- 3 anterior interrupted: either from the metaconid, or from the anterolophulid, or from both, a spur
indicates the anterior metalophulid.

- 4 anterior complete: the anterior metalophulid is complete (and connected to the anterolophulid).

- 5 to anteroconid: the metalophulid is complete, and connected to the anteroconid.

6: protoconid hind-arm (posterior branch of the protoconid)

- 2 absent: the posterior corner of the protoconid continues smoothly into the ectolophid.

- 3 short free: not longer than the width of the valley between protoconid and metaconid, not connec-
ted to the metaconid.

- 4 trans to mcd low: transversely connected to the metaconid at less than half the height of the meta-
conid.

-5 trans to med high: transversal and at least half as high as the metaconid.

- 6 long free: oblique backwards, surpassing the width of the valley between protoconid and metaconid.
- 7 bent to mcd low: directed obliquely backward, and then curved and connected to the metaconid;
less than half the height of the metaconid.

- 8 bent to med high: idem, but higher than half the height of the metaconid. In some cases the connec-
tion seems to be composed of a protoconid branch and a crest descending from the metaconid.

7: sinusid

- 2 open: not a trace of a cingulum ridge.

- 3 closed: a generally low cingulum (complete or incomplete) ridge is present.

- 4 ectostylid: a (small) ectostylid is present instead of a cingulum ridge, or on the cingulum ridge.
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8: sinusid

- 2 forward: the anterior or the posterior border of the sinusid is directed forward.
- 3 transverse: the posterior limit is transverse.

- 4 backwards: the posterior edge is curved backwards.

9: mesosinusid

- 2 open: not a trace of a cingulum ridge.

-3 closed: a generally low (complete or incomplete) cingulum ridge is present.

-4 mcd ridge open: a ridge descends from the metaconid, and does not reach the entoconid.
- 5 mcd ridge closed: the ridge from the metaconid meets the entoconid.

10: ectolophid

- 2 longitudinal: a more or less longitudinal crest, parting from the lingual part of the protoconid.

- 3 oblique: running straight from the labial part of the protoconid towards the lingual tip of the hypo-
conid.

- 4 curved: from the labial part of the protoconid, curving towards lingual, and then connecting to the
hypoconid.

- 5 interrupted: either not connected to the protoconid, or not connected to the hypoconid.

11: mesoconid

- 2 absent: the ectolophid is not swollen.

- 3 weak: the ectolophid is swollen and the base of the mesolophid is broad.
- 4 strong: there is a marked cusp.

12: mesolophid

- 2 absent: no trace of a mesolophid.

- 3 short: length less than one third of the distance between ectolophid and the lingual border.
- 4 medium: length between one third and half this distance.

- 5 long: more than half the width of the mesosinusid.

- 6 border: reaching the border of the molar.

13: 2nd mesolophid

- 2 absent: there is only one mesolophid.

- 3 short: length less than one third of the distance between ectolophid and the lingual border.
- 4 medium: length between one third and half this width.

- 5 long: more than half this distance.

14: ectomesolophid

- 2 absent: no trace of a labial spur on the ectolophid.

- 3 weak: some crest is visible on the labial wall of the ectolophid.

- 4 strong: the crest continues into the horizontal part of the sinusid.

- 5 double: there are two crests, one of which arises from the mesoconid.

15: hypolophulid

- 2 anterior oblique: oblique and placed in front of the hypoconid.

- 3 anterior transverse: transverse, and placed in front of the hypoconid, or on its foremost point.
- 4 transverse: connected to the lingual wall of the hypoconid.

- 5 backwards: connected to the posterior corner of the hypoconid, or to the posterolophid.

16: hypoconid branch (posterior branch of the hypoconid)

- 2 absent: there is no crest branching off from the posterolophid.
- 3 short: not longer than two times the enamel thickness.

- 4 long: longer, but not connected to the entoconid.

- 5 long connected: connected to the base of the entoconid.
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17: posterosinusid
- 2 open: the posterolophid does not meet the base of the entoconid.
- 3 closed: the posterolophid meets the base of the entoconid.

18: lab.posterolophid

- 2 absent: the posterior wall of the hypoconid is smooth.

- 3 small: the posterior wall of the hypoconid is irregular.

- 4 strong: there is a clear crest that may even enclose a tiny valley.

M2 inf.

1: labial anterolophid

- 2 absent: there may be a flat (inclined) surface, but there is no crest.

- 3 short: there is a crest, that does not reach the protoconid.

- 4 to protoconid: it reaches the protoconid base.

- 5 around protoconid: it separates the protoconid from the labial border, at least partly.

2: anterolophulid

- 2 absent: there is no connection between protoconid and anteroconid.

- 3 interrupted: the crest is interrupted, either between protoconid and metalophulid, or between meta-
lophulid and anteroconid.

- 4 Jow: the entire crest, or part of it, is clearly lower than the anteroconid.

- 5 complete: the crest is continuous and (almost) as high as the anteroconid.

3: metalophulid

- 2 absent: no anterior metalophulid; the antero-labial wall of the metaconid is smooth and round, or
the metaconid is fused with the anterolophid.

- 3 anterior interrupted: either from the metaconid, or from the anterolophulid, or from both, a spur
indicates the anterior metalophulid.

- 4 complete to anteroconid: the anterior metalophulid is complete and connected to the anteroconid
or to the anterolophid.

- 5 complete to anterolophulid: complete, and directed to some spot between anterolophid and proto-
conid.

- 6 complete to protoconid: complete, and connected to the (anterior corner of) the protoconid.

4: metalophulid spur

- 2 absent: no backward spur on the metalophulid.

- 3 weak: there is a weak backward spur, generally at the transition of metaconid to metalophulid.

- 4 strong: the spur is clearly visible, may be long; not in contact with the protoconid hind-arm, or, if
50, clearly distinguishable.

5: protoconid hind-arm (posterior branch of the protoconid)

- 2 absent: the posterior corner of the protoconid continues smoothly into the ectolophid.

- 3 short free: not longer than the width of the valley between protoconid and metaconid, not connect-
ed to the metaconid.

- 4 trans to mcd low: transversely connected to the metaconid at less than half the height of the meta-
conid.

-5 trans to med high: transversal and at least half as high as the metaconid.

- 6 long free: oblique backwards, or transverse; longer than the width of the valley between protoco-
nid and metaconid.

- 7 bent to mcd low: directed obliquely backward, and then curved and connected to the metaconid;
less than half the height of the metaconid.

- 8 bent to med high: idem, but higher than half the height of the metaconid. In some cases the connec-
tion seems to be composed of a protoconid branch and a crest descending from the metaconid.
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6: sinusid

- 2 open: not a trace of a cingulum ridge.

- 3 closed: a generally low cingulum ridge (complete or incomplete) is present.

- 4 ectostylid: a (small) ectostylid is present instead of a cingulum ridge, or on the cingulum ridge.

7: sinusid

- 2 forward: the anterior or the posterior border of the sinus points forwards.
- 3 transverse: the posterior limit is transverse.

- 4 backwards: the posterior edge is curved backwards.

8: mesosinusid

- 2 open: not a trace of a cingulum ridge.

- 3 closed: a generally low (complete or incomplete) cingulum ridge is present.

- 4 med ridge open: a ridge descends from the metaconid, and does not reach the entoconid.
- 5 mcd ridge closed: the ridge from the metaconid meets the entoconid.

9: ectolophid

- 2 high: the protoconid-ectolophid connection is continuous.

- 3 low: the ectolophid meets the protoconid at mid-height of its posterior wall.
- 4 interrupted: the ectolophid is separated from the protoconid.

10: mesoconid

- 2 absent: the ectolophid is not swollen.

- 3 weak: the ectolophid is swollen and the base of the mesolophid is broad.
- 4 strong: there is a marked cusp.

11: mesolophid

- 2 absent: no trace of a mesolophid.

- 3 short: length less than one third of the distance between ectolophid and the lingual border.
- 4 medium: length between one third and half this distance.

- 5 long: more than half this distance.

- 6 border: reaching the border of the molar.

12: mesolophid

- 2 simple: a simple crest.

- 3 branched: bifurcated at the top.

N.B. Absent mesolophid is classified under ‘simple’.

13: ectomesolophid

- 2 absent: no trace of a labial spur on the ectolophid.

- 3 weak: some crest is visible on the labial wall of the ectolophid.

- 4 strong;: the crest continues into the horizontal part of the sinusid, or it is longer than 1/3 of the dis-
tance between ectolophid and the labial border.

14: hypolophulid

- 2 anterior oblique: oblique and placed in front of the hypoconid.

- 3 anterior transverse: transverse, and placed in front of the hypoconid, or on its foremost point.
- 4 transverse: connected to the lingual wall of the hypoconid.

15: hypoconid branch (posterior branch of the hypoconid)

- 2 absent: there is no crest branching off from the posterolophid.
- 3 short: not longer than two times the enamel thickness.

- 4 long: longer, but not connected to the entoconid.

- 5 long connected: connected to the base of the entoconid.
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16: posterosinusid
- 2 open: the posterolophid does not meet the base of the entoconid.
- 3 closed: the posterolophid meets the base of the entoconid.

17: lab. posterolophid

- 2 absent: the posterior wall of the hypoconid is smooth.

- 3 small: the posterior wall of the hypoconid is irregular.

- 4 strong; there is a clear crest that may even enclose a tiny valley.

18: greatest width

- 2 anterior: the posterior part of the tooth is considerably broader than the anterior part.
- 3 equal: the tooth is almost rectangular.

- 4 posterior: the anterior part of the tooth is considerably broader than the posterior part.

M3 inf.

1: labial anterolophid

- 2 absent: there may be a flat surface descending from the anteroconid, but no crest.

- 3 short: it does not reach the protoconid.

- 4 to protoconid: it reaches the protoconid base.

- 5 around protoconid: it separates the protoconid from the labial border, at least partly.

2: anterolophulid

- 2 absent: there is no connection between protoconid and anteroconid.

- 3 interrupted: the crest is interrupted, either between protoconid and metalophulid, or between meta-
lophulid and anteroconid.

- 4 short: it is complete and runs from protolophulid to anteroconid. The connection with the proto-
conid is transverse and forms the labial part of the metalophulid. Or, if connected to the protoconid
directly, its length is less than the length of the protoconid.

- 5 long: the crest is complete and runs from protoconid to anteroconid, straight or curved.

3: anterosinusid

- 2 absent: there is no anterosinusid.

- 3 narrow: the valley is not wider than the enamel thickness.

- 4 wide: the valley is wider than the enamel thickness.

N.B. Absent only when the metalophulid is fused with the anterolophid; other wise estimate ‘narrow’
or ‘wide’.

4: metalophulid

- 2 absent: no anterior metalophulid; the antero-labial wall of the metaconid is smooth and round, or
the metaconid is fused with the anterolophid.

- 3 anterior interrupted: either from the metaconid, or from the anterolophulid, or from both, a spur
indicates the anterior metalophulid.

- 4 to anteroconid: the anterior metalophulid is complete and connected to the anteroconid.

- 5 to anterolophulid: complete, and directed to some spot between anteroconid and protoconid.

- 6 to protoconid: complete, and connected to the (anterior corner of) the protoconid.

5: metalophulid spur

- 2 absent: no backward spur on the metalophulid.

- 3 weak: there is a weak backward spur, generally at the transition of metaconid to metalophulid.

- 4 strong: the spur is clearly visible, may be long, but is not in solid contact with the protoconid hind-
arm.
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6: protoconid hind-arm (posterior branch of the protoconid)

- 2 absent: the posterior corner of the protoconid continues smoothly into the ectolophid.

- 3 short free: not longer than the width of the valley between protoconid and metaconid, not connect-
ed to the metaconid.

- 4 trans to mcd low: transversely connected to the metaconid at less than half the height of the meta-
conid.

-5 trans to mcd high: transversal and at least half as high as the metaconid.

- 6 long free: oblique backwards, surpassing the width of the valley between protoconid and metaco-
nid.

- 7 bent to mcd low: directed obliquely backward, and then curved and connected to the metaconid.
less than half the height of the metaconid.

- 8 bent to med high: idem, but higher than half the height of the metaconid. In some cases the connec-
tion seems to be composed of a protoconid branch and a crest descending from the metaconid.

- 9 long to border: connected to the cingulum ridge between metaconid and entoconid.

7. sinusid

- 2 open: not a trace of a cingulum ridge.

- 3 closed: a generally low (complete or incomplete) cingulum ridge is present.

- 4 ectostylid: a (small) ectostylid is present instead of a cingulum ridge, or on the cingulum ridge.

8: sinusid

- 2 forward: pointing obliquely forward.

- 3 narrow transverse.

- 4 broad transverse.

- 5 narrow backwards.

- 6 broad backwards.

‘broad’ means: the connection between protoconid and hypoconid is — at least partly — a longitudi-
nal crest.

‘narrow’ means: there is no longitudinal part in the protoconid-hypoconid connection.
‘transverse’ means the posterior limit is transverse.

‘backwards’ means the posterior edge is curved backwards.

9: mesosinusid
- 2 open: the cingulum between metaconid and entoconid is interrupted.
- 3 closed: the cingulum between metaconid and entoconid is high and complete.

10: mesolophid

- 2 absent: no trace of a mesolophid.

- 3 short: length less than half the distance between ectolophid and the lingual border.
- 4 medium: length about half this distance.

- 5 long: length more than half this distance.

- 6 border: reaching the border of the molar.

11: mesolophid

- 2 simple: a simple crest

- 3 branched: bifurcated at the top

N.B. Absent mesolophid is classified under ‘simple’.

12: ectolophid

-2 low: a step-wise connection with the protoconid.

- 3 interrupted: not connected to the protoconid.

- 4 complete: a continuous connection with the protoconid.
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13: mesoconid

- 2 absent: the ectolophid is not swollen.

- 3 weak: the ectolophid is swollen and the base of the mesolophid is broad.
- 4 strong; there is a marked cusp.

14: ectomesolophid

- 2 absent: no trace of a labial spur on the ectolophid.

- 3 weak: some crest is visible on the labial wall of the ectolophid.

- 4 strong;: the crest continues into the horizontal part of the sinusid, or it is longer than 1/3 of the dis-
tance between ectolophid and the labial border.

15: entoconid

- 2 absent: no trace of an entoconid.

- 3 small: a triangular swelling at the lingual end of the hypolophulid.
- 4 large: there is a cusp that rises above the level of the cingulum.

16: hypolophulid

- 2 anterior oblique: oblique and placed in front of the hypoconid.

- 3 anterior transverse: transverse, and placed in front of the hypoconid, or on its foremost point.
- 4 transverse: connected to the lingual wall of the hypoconid.

- 5 interrupted: the entoconid is isolated from the hypolophulid.

17: posterosinusid

- 2 open: the posterolophid is interrupted.

- 3 half closed: the posterolophid is low, before reaching the entoconid.
- 4 closed: the posterolophid is a continuous high crest.

18: shape

- 2 short triangle: lingual border straight, hypoconid smaller than protoconid.

- 3 long triangle: lingual border straight, hypoconid almost as large as protoconid.
- 4 trapezoid: lingual border concave.

M1 sup.

1: anterocone

- 2 simple: no trace of subdivision.

- 3 half-split: a slight incision in the wall of the anterocone.

- 4 bifid: two distinct cusps.

- 5 deeply split: split at least at half height of the anterocone.

2: prelobe

- 2 narrow set-off.

- 3 narrow continuous.

- 4 broad set-off.

- 5 broad continuous.

‘narrow’ means: half as wide (or less) than the tooth width.

‘broad’ means: more than half as wide as the tooth width.

‘set-off’ means: the lingual border between anterocone and protocone is angular.
‘continuous’ means: the lingual border between anterocone and protocone is smooth.

3: anterolophule

- 2 absent: the anterior wall of the protocone is smooth.

- 3 ac-spur: there is a backward spur on the anterocone.

- 4 pc-spur: there is a forward spur on the protocone.

-5 ac + pc spurs: there are spurs on anterocone and protocone, but no continuous central crest.

- 6 complete: a complete crest between the anterolabial corner of the protocone and the (labial part of
the) anterocone.

- 7 double: two posterior crests on the anterocone, either complete or incomplete.
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4: forward pac-spur

- 2 absent: no spur on the anterior wall of the paracone.

- 3 free: ending free in the anterosinus.

- 4 to anterostyl: connected to the anterostyl.

- 5 to anterocone: a complete crest between paracone and anterocone (anterior ectoloph).

5: ling. anteroloph

- 2 incomplete: the anteroloph does not close the protosinus.
- 3 complete: the anteroloph closes the protosinus.

- 4 protostyl: the lingual anteroloph bears a cusp.

6: protocone platform

- 2 absent: no flat surface in front of the protocone.

- 3 small: a very small flat surface in front of the protocone, and lingually of the cingulum.
- 4 large: the flat surface is clearly visible.

- 5 crest: a crest on this platform, that may partly surround the protocone.

7: anterosinus

- 2 open: labial anteroloph absent or interrupted.

- 3 closed: labial anteroloph continuous towards the paracone.
- 4 anterostyl: the labial anteroloph bears a cusp.

8: protolophule

- 2 anterior interrupted: the anterior branch of the protocone skims the paracone or points towards the
paracone; there is no posterior protolophule.

- 3 anterior: paracone connected to the anterior branch of the protocone.

- 4 anterior plus: anterior connection plus a trace of a posterior one.

- 5 transverse: paracone connected to the center of the protocone.

- 6 double: anterior and posterior connection complete.

- 7 posterior plus: posterior connection plus a trace of the anterior one.

- 8 posterior interrupted: no anterior connection; the posterior one is incomplete.

- 9 posterior: paracone connected to the posterior corner of the protocone or to the entoloph.

- 10 absent: no connection

N.B. if the anterior branch of the protocone points towards the anterocone it is not considered to be an
interrupted anterior connection.

9: sinus

- 2 open: cingulum absent or interrupted.

- 3 closed: cingulum complete.

- 4 entostyl: cingulum complete or incomplete, there is an entostyl cusp.

10: sinus

- 2 strong forward: the tip of the sinus lies in between protocone and paracone.

- 3 forward: pointing forward, but not entering between protocone and paracone.

- 4 subdivided: strong forward, and the foremost part tends to get separated by a crest.
- 5 transverse: sinus more or less symmetrical.

- 6 backwards: pointing backwards.

11: entoloph

- 2 high: complete, smoothly ascending to, or level with protocone.
- 3 low: step-wise connection to protocone or protolophule.

- 4 interrupted: interrupted behind protolophule.
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12: mesosinus

- 2 open: cingulum absent or interrupted.

- 3 closed: cingulum complete.

- 4 mesostyl: cingulum complete or incomplete, there is a mesostyl cusp.

- 5 mesosty] crest: the mesostyl forms a transverse crest, that is clearly separated from the mesoloph.
- 6 mesostyl to mesoloph: the crest is almost in contact with the tip of the mesoloph.

13: mesoloph

- 2 absent: no mesoloph.

- 3 short: shorter than half the distance between entoloph and labial border.

- 4 medium: about as long as half this distance.

- 5 long: longer than half the distance between entoloph and labial border.

- 6 interrupted: mesoloph medium or long, with a detached labial part that does not reach the border.
- 7 border: reaching the labial border.

14: 2nd mesoloph

- 2 absent: not a trace of a second mesoloph.

- 3 short: a very small spur on the entoloph, or on the protolophule, in front of the mesoloph.
- 4 long: a clearly visible spur.

15: entomesoloph

- 2 absent: no lingual spur on the entoloph.

- 3 short: some trace of an entomesoloph present.

- 4 long: the entomesoloph is more than a mere trace.

- 5 mesocone: there is a mesocone, that bulges into the sinus.

16: mesoloph-mc connection
-2 absent: no longitudinal connection between mesoloph and metacone.
- 3 one crest: a (complete or incomplete) crest between metacone and mesoloph.

17: metalophule

- 2 anterijor: either oblique, transverse, or curved towards the anterior tip of the hypocone, or towards
the entoloph.

- 3 anterior interrupted: idem, but interrupted.

- 4 anterior plus: anterior plus a trace of a posterior connection.

- 5 transverse: towards the center of the hypocone.

- 6 double: both an anterior and a posterior connection.

- 7 posterior plus: posterior plus a trace of a anterior connection.

- 8 posterior: towards the posterior tip of the hypocone.

- 9 posterior interrupted: towards the posterior tip of the hypocone, interrupted.
- 10 absent: no connection.

- 11 to posteroloph: towards the posterior branch of the hypocone.

- 12 curved backward: longitudinal towards the posteroloph.

18: posterosinus
- 2 open: the posteroloph does not meet the metacone.
- 3 closed: the posteroloph meets the metacone.

19: labial border

- 2 concave: the labial border of the paracone lies lingually of a line connecting the labial borders of
anterocone and metacone.

- 3 straight: the borders of the three cusps lie on one straight line.

- 4 convex: the labial border of the paracone lies labially of a line connecting the labial borders of ante-
rocone and metacone.
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M2 sup.

1: lingual anteroloph

- 2 absent: no anteroloph on the anterior wall of the protocone.

- 3 weak: there is a crest, but no protosinus.

- 4 strong: the anteroloph encircles a protosinus.

-5 around pc: it is long and separates the protocone from the lingual border.

2: protolophule

- 2 anterior interrupted: the anterior connection is interrupted, there is no posterior one.

- 3 anterior: paracone connected to the anterior branch of the protocone, or to its anterior corner.
- 4 anterior plus: anterior connection plus a trace of a posterior one.

-5 transverse: paracone connected to the center of the protocone.

- 6 double: anterior and posterior connection complete.

- 7 posterior plus: posterior connection plus a trace of the anterior one.

- 8 posterior interrupted: no anterior connection; the posterior one incomplete.

- 9 posterior: paracone connected to the posterior corner of the protocone or to the entoloph.

- 10 absent: no connection

3: sinus

- 2 open: cingulum absent or interrupted.

- 3 closed: cingulum complete.

- 4 entostyl: cingulum complete or incomplete, there is an entostyl cusp.

4: sinus

- 2 strong forward: the tip of the sinus lies in between protocone and paracone.

- 3 forward: pointing forward, but not entering between protocone and paracone.

- 4 subdivided: strong forward, and the foremost part tends to get separated by a crest.
- 5 transverse: sinus more or less symmetrical.

- 6 backwards: pointing backwards.

5: mesosinus

-2 open: cingulum absent or interrupted.

- 3 closed: cingulum complete.

- 4 pac-spur: (partially) closed by a spur descendirg from the paracone.

- 5 mesostyl: cingulum complete or incomplete, there is a mesostyl cusp.

- 6 mesostyl crest: the mesostyl forms a transverse crest, that is clearly separated from the mesoloph.
- 7 mesostyl to mesoloph: the crest is almost in contact with the tip of the mesoloph.

6: mesoloph

- 2 absent: no mesoloph.

- 3 short: shorter than half the distance between entoloph and labial border.

-4 medium: about as long as half this distance.

- 5 long: longer than half the distance between entoloph and labial border.

- 6 interrupted: mesoloph medium or long, with a detached labial part that does not reach the border.
- 7 border: reaching the labial border.

7: 2nd mesoloph

- 2 absent: not a trace of a second mesoloph.

- 3 short: a small spur, in front of the mesoloph, sprouting from the old entoloph or from the posterior
protolophule.

- 4 long: the spur is longer.



Freudenthal et al. Pseudocricetodon in the Upper Oligocene of Teruel (Spain), Scripta Geol. 104 111

8: mesoloph-mc connection

- 2 absent: no longitudinal connection between mesoloph and metacone.
- 3 one crest: 1 longitudinal crest between mesoloph and metacone.

- 4 two crests: 2 longitudinal crests between mesoloph and metacone.

9: entoloph-pc connection

- 2 high: the entoloph is connected to the top of the protocone, either horizontally, or ascending
smoothly.

- 3 low: the entoloph is connected to the protocone at mid- height.

- 4 interrupted: the entoloph is not connected to the protocone.

10: pe-he connection

- 2 absent: the walls and bottom of the sinus are smooth.

- 3 weak: a vague connection between protocone and entoloph or hypocone, through the sinus.
- 4 interrupted: there is a backward spur on the posterior wall of the protocone.

- 5 low: the connection is complete and lower than the entoloph.

- 6 complete: the connection is complete and (almost) as high as the entoloph.

11: metalophule

- 2 anterior: either oblique, transverse, or curved towards the anterior tip of the hypocone, or towards
the entoloph.

- 3 anterior interrupted: idem, but interrupted.

- 4 anterior plus: anterior plus a trace of a posterior connection.

- 5 transverse: towards the center of the hypocone.

- 6 double: both an anterior and a posterior connection.

- 7 posterior plus: posterior plus a trace of an anterior connection.

- 8 posterior: towards the posterior tip of the hypocone.

- 9 posterior interrupted: towards the posterior tip of the hypocone, interrupted.
- 10 absent: no connection.

- 11 to posteroloph: towards the posterior branch of the hypocone.

- 12 curved backward: longitudinal towards the posteroloph.

12: posterosinus
- 2 open: the posteroloph does not meet the metacone.
- 3 closed: the posteroloph meets the metacone.

13: shape
- 2 subrectangular: the postero-lingual corner of the tooth is not reduced.
- 3 trapezoid: the postero-lingual corner of the tooth is reduced.

14: 1abial border

- 2 concave: the labial border of the mesosinus lies lingually of a line connecting the labial borders of
paracone and metacone.

- 3 straight: the border of the mesosinus lies in line with a line connecting the labial borders of para-
cone and metacone.

- 4 convex: the border of the mesosinus lies labially of a line connecting the labial borders of paracone
and metacone.

M3 sup.

1: lingual anteroloph

- 2 absent: no anteroloph on the anterior wall of the protocone.

- 3 weak: there is a crest, but no protosinus.

- 4 strong: the anteroloph encircles a protosinus.

- 5 around pc: it is long and separates the protocone from the lingual border.
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2: protolophule

- 2 absent: no lingual connection of the paracone.

- 3 to anterocone: connected to the anterior border.

- 4 to anterolophule: connected to the crest between anterocone and protocone.
-5 transverse: paracone connected to the center of the protocone.

- 6 double: anterior and posterior connection both more or less complete.

3: sinus

- 2 absent: protocone and hypocone connected along the border of the tooth.
- 3 very small: neo-entoloph slightly curved.

- 4 small: about half the transverse width of the protocone.

- 5 deep: neo-entoloph absent or incomplete.

4: neo-entoloph

- 2 absent: protocone and hypocone separated by the deeply protruding sinus.

- 3 interrupted: posterior spur on protocone or anterior spur on hypocone or both.
- 4 low: continuous connection lower than protocone and hypocone.

- 5 high: continuous connection as high as protocone and hypocone.

5: mesosinus
- 2 open: cingulum absent or interrupted.
- 3 closed: cingulum complete.

6: mesoloph

- 2 absent: no individualised mesoloph.

- 3 short: shorter than half the distance between entoloph or axioloph and labial border.
- 4 medium: about as long as half this distance.

- 5 long: longer than half the distance between entoloph and labial border.

- 6 border: reaching the labial border.

7: 2nd mesoloph

- 2 absent: not a trace of a second mesoloph.

- 3 short: a small spur, in front of the mesoloph, sprouting from the old entoloph or from the posterior
protolophule.

- 4 long: the spur is longer.

8: old entoloph

- 2 absent: no spur on the lingual wall of the protocone.

- 3 short spur: spur on the labial wall of the protocone.

- 4 curved spur: spur bent backwards to form posterior axioloph.

- 5 long spur: extends transversely beyond the position of the axioloph (may include the mesoloph).
- 6 complete: curved crest between the labial wall of the protocone and hypocone or neo-entoloph.

9: axioloph

- 2 absent: no axioloph; if entoloph complete, then (posterior) axioloph is considered to be absent.

- 3 anterior spur: backward spur on protolophule, or old entoloph bent forwards.

- 4 posterior spur short: forward spur on hypocone or neo-entoloph or centroloph (old entoloph
absent). In some cases this is identical to the centrocone. ‘short’ means: shorter than half the longitudi-
nal width of the mesosinus.

- 5 posterior spur long: idem, but longer than half the longitudinal width of the mesosinus.

- 6 two spurs: both anterior and posterior spur are present (old entoloph absent).

- 7 complete: spurs are connected.
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10: centroloph

- 2 absent: no metalophule-like structure.

- 3 weak: a weak crest sprouting from the neo-entoloph or anterior tip of the hypocone in any direc-
tion.

- 4 strong; a clearly visible crest, that may contain (part of) the mesoloph, metalophule, and/or ancient
entoloph. Difference with the next item is, that it presents some complication, or doubt about its
homology.

- 5 = metalophule: the centroloph is identical to the metalophule, without any complications.

11: centrocone

- 2 absent: no cusp in the center of the molar.

- 3 present: a cusp in the center of the molar, connected to the centroloph.
- 4 isolated: a central cusp without any connections.

- 5 on old entoloph: isolated from centroloph, bulge on old entoloph.

12: metacone
- 2 absent: at the position of the metacone the cingulum is a continuous ridge, not forming a cusp.
- 3 present: there is a (small) cusp.

13: posterosinus

- 2 open: the posteroloph does not meet the metacone.

- 3 closed: the posteroloph meets the metacone.

N.B. also defined if there is no centroloph or metalophule.
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