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Several Miocene and Pliocene continental fossiliferous localities in the Granada and Guadix basins have
yielded fossil micromammals. Cricetids and glirids are known from most of these localities. This paper
deals with the genera Apocricetus, Ruscinomys, Blancomys and Eliomys. The Cricetidae are important bios-
tratigraphical markers, especially Apocricetus. The presence of A. barrierei in the locality PUR-4 indicates
the beginning of the Early Ruscinian. The continuous record of Ruscinomys during the Late Turolian and
the Early Ruscinian corroborates the lineage between R. schaubi and R. lasallei. The occurrence of a large
specimen of Blancomys in the Granada Basin seems to indicate two phylogenetic lineages during the
Late Turolian. The studied specimens of Eliomys allow us to confirm the relationship between E. inter-
medius and E. quercinus.
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Introduction

The intramontane Granada and Guadix basins (southern Spain) are located in the
central sector of the Betic Cordillera (Fig. 1), in which continental sedimentation began
in the Late Miocene. Seven sections with Mio-Pliocene rodent faunas are situated in the
Granada Basin and two in the Guadix Basin (Table 1). The locality OTU-4 is Middle
Turolian, the localities in the Cantera de Pulianas section, the Arenas del Rey section,
OTU-1 and PUR-3 are Upper Turolian, and PUR-4, CLC-3B, PUR-13 and YEG are Lower
Ruscinian (Garcia-Alix, 2006). The localities TCH-1 and TCH-1B are Upper Ruscinian;
TCH-3 and TCH-13 are Lower Villafranchian (Minwer-Barakat, 2005).

This paper is focused on the families Gliridae (genus Eliomys) and Cricetidae (genera
Apocricetus, Ruscinomys, Hispanomys and Blancomys). These cricetids are biostratigraphi-
cally important. The new material from the studied localities permits us to revise or
establish phylogenetic relationships.
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Fig. 1. Geological and geographical situation of Granada and Guadix basins (after Braga et al., 1990) and
location of the studied sections: TCH, Tollo de Chiclana and Yeguas sections; PUR, Canteras de Jun,
Cantera de Pulianas, Barranco de Purcal and Calicasas sections; OTU, Otura section; BRA, Bracana and
Cerro del Aguila sections; AR, Arenas del Rey section.

Table 1. Section and localities studied, chronologically arranged. Abbreviations: JUN, Canteras de Jun;
OTU, Otura; PUR, Barranco del Purcal; DHS, La Dehesa; MNA, La Mina; BRA, Bracana; AGU, Cerro del
Aguila; CLC, Calicasas; TCH, Tollo de Chiclana.

Section Location Localities

Canteras de Jun Eastern Granada Basin JUN-2C

Otura Eastern Granada Basin OTU-1, OTU-4

Cantera de Pulianas Eastern Granada Basin PUR-23, PUR-24A, PUR-25, PUR-25A

Arenas del Rey Western Granada Basin DHS-1, DHS-14, DHS-15B, DHS-16,
DHS-4A, DHS-4B, MNA-2, MNA-4

Bracana Western Granada Basin BRA-5B

Cerro del Aguila Western Granada Basin AGU-1C

Barranco del Purcal Eastern Granada Basin PUR-3, PUR-4, PUR-7, PUR-13

Calicasas Eastern Granada Basin CLC-3, CLC-3B, CLC-4B

Yeguas Central Guadix Basin YEG

Tollo de Chiclana Central Guadix Basin TCH-1, TCH-1B, TCH-3,TCH-13
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Methodology

The nomenclature used in the descriptions of the cricetid molars is that of Freuden-
thal et al. (1994); length and width have been measured as defined by Freudenthal
(1966), and measured perpendicular to each other for easy orientation. The nomencla-
ture used in the descriptions of the teeth of Eliomys is that of Freudenthal & Martin-
Sudrez (2006); length and width have been measured as defined by Freudenthal (2004).
The M1 and M2 of Eliomys are treated together for the sake of compatibility with pub-
lished data. Although m1 and m2 are similar in size, the elongate specimens that are
broader posteriorly than anteriorly may be attributed to m1, and those that have paral-
lel labial and lingual borders to m2.

Measurements were taken with a Wild M7S binocular microscope, equipped with a
Sony Magnescale LM12 digital measuring device. The specimens are kept in the Depart-
amento de Estratigrafia y Paleontologia of the University of Granada. The measure-
ment data were processed by a computer programme provided by M.F. Measurements
are given in units of 1 mm. In the tables, Nt is the total number of specimens (measur-
able and not measurable). Photographs were made with the FEI ESEM QUANTA 400 of
the Centro Andaluz de Medio Ambiente, Granada.

Only the most numerous population of each species is described, except for rare
taxa, where we describe all dental elements. We have directly compared our specimens
with material from the Mein collection (Lyon) and from the Departamento de Estrati-
grafia y Paleontologia, University of Granada (Table 2).

Table 2. Material directly compared with our specimens; (c) indicates casts. Abbreviations: LG, La Glo-
ria; LM, Los Mansuetos; VDC, Valdecebro; CR, Crevillente.

Species Direct comparison with material in
Mein collection DEPUG Collection

A. alberti Librilla Librilla, Venta del Moro (c), Negratin-1

A. barrierei Alcoy, Caravaca, LG-4, Chabrier, Terrats (c), La Alberca (c); Celleneuve (c),
Hautimagne Gorafe-4, Botardo

A. angustidens Villeneuve de la Raho (c); Serrat d’en

Vacquer (c); Gorafe-3, -5

H. adroveri Casa del Acero, CR-15

H. aff. adroveri CR-17

R. schaubi LM, Aljezar-B LM, Aljezar-B

R. cf. schaubi VDC-3 (c) and VDC-6 (c)

R. lasallei LG4 La Gloria-4

R. europaeus Layna, Rambla Seca-1, -2, -6

B. sanzi VDC-3 (c)

B. meini Sarrion (c)

B. neglectus Layna

E. truci Hautimagne, LM, LG-5, VDC-6 Moreda-1A,-1B, Rambla Seca-1

E. intermedius Balaruc-2, Sete Casablanca-B, Galera-2, Canada Castafo-1, -2,

Gorafe-5, Moreda-1A
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Systematic palaeontology

Order Rodentia Bowdich, 1821
Family Cricetidae Fischer von Waldheim, 1817
Subfamily Cricetinae Fischer von Waldheim, 1817
Genus Apocricetus Freudenthal, Mein & Martin Suarez, 1998

Type species — Cricetus angustidens Depéret, 1890.

Remarks — The majority of the available cheek teeth of Apocricetus were already de-
scribed by Freudenthal et al. (1998). Apocricetus alberti Freudenthal et al., 1998, is known
from PUR-23, PUR-24A, PUR-25 and PUR-25A, and A. barrierei (Mein & Michaux, 1970)
from PUR-4. Herein, one M3 of A. alberti is described from PUR-3 and two new locali-
ties with A. barrierei are reported, at PUR-7 and YEG. The specimens from these two
new localities agree with the main features of the molars from PUR-4 described by
Freudenthal et al. (1998).

Apocricetus alberti Freudenthal, Mein & Martin Suarez, 1998
Pl 1, figs. 1-5.

Holotype — m1 (CR-6 111) deposited in the Instituut voor Aardwetenschappen,
Utrecht, The Netherlands.

Type locality — Crevillente-6, Spain.

Occurrence in the studied localities — PUR-23, PUR-24A, PUR-25, PUR-25A and PUR-3.

Table 3. Measurements of the teeth of Apocricetus from the studied localities.

Length Width
Element  Localities Nt N Min. Mean Max. N Min. Mean Max.
ml YEG 1 1 2.64 1 1.61
PUR-4 5 3 2.43 2.48 2.56 4 1.42 148 1.56
PUR-25A 3 2 2.33 2.35 2.36 2 1.38 1.41 1.43
PUR-24A 2 2 2.19 2.20 2.21 2 1.35 1.36 1.36
m2 PUR-4 3 3 1.91 2.08 2.18 3 1.47 1.62 1.71
PUR-25A 3 3 2.01 2.03 2.06 3 1.59 1.62 1.67
PUR-23 1 1 1.81 1 1.53
m3 YEG 1 1 2.21 1 1.72
PUR-4 4 4 2.07 2.14 2.25 4 1.51 1.64 1.77
PUR-25A 2 2 2.03 2.03 2.03 2 1.58 1.60 1.61
PUR-25 2 2 2.03 2.04 2.05 2 1.50 1.56 1.61
M1 PUR-4 5 4 2.42 2.52 2.66 4 1.57 1.67 1.81
M2 PUR-4 1 1 2.31 1 1.80
M3 PUR-7 1 1 1.45
PUR-4 2 2 151 1.65 1.78 2 1.45 1.56 1.66
PUR-25A 1 1 1.77 1 1.49
PUR-24A 2 1 1.71 1 1.51
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Material and measurements — See Table 3.

Description and discussion — The M3 from PUR-3, which is slightly damaged posteri-
orly, has a well developed anterior protolophule and a lingual anteroloph (in A. barrierei
the anterior protolophule is weak or absent and the lingual anteroloph is less devel-
oped). The specimens from PUR-23, PUR-24A, PUR-25, PUR-25A and PUR-3 agree in
size and morphology (the crest-shaped anteroconid with a weak superficial subdivision
in some specimens, the single or double anterolophulid in m1 and the weak or absent
mesoloph in the upper molars) with those of Apocricetus alberti from the localities
Librilla, La Gloria-5, Venta del Moro, Crevillente-6, and Negratin-1 (data from Freuden-
thal et al., 1998). They are smaller than those of A. angustidens (Depéret, 1890) from Mont-
Hélene, Gorafe-3, Gorafe-5, Sete Serrat d’en Vacquer (data from Freudenthal et al., 1998)
and Villeneuve de la Raho, and those of Apocricetus barrierei from Vendargues (Mein &
Michaux, 1970), Gorafe-4, Botardo, Hautimagne, Celleneuve, Terrats (Mein & Michaux,
1970), Alcoy, Caravaca, La Gloria-4, Chabrier, and La Alberca (data from Freudenthal
et al., 1998), although some parameters may overlap with A. barrierei.

Apocricetus barrierei (Mein & Michaux, 1970)
Pl 1, figs. 6-11.

Holotype — M1 (FSL 65356) deposited in the Faculté des Sciences, Université de Lyon,
France.

Type locality — Chabrier, France.
Occurrence in the studied localities — PUR-4, PUR-7 and YEG.
Material and measurements — See Table 3.

Description and discussion — The molars from PUR-4, PUR-7 and YEG are larger than
those of A. alberti in the populations mentioned above, and, although some values over-
lap, the mean values of these teeth are larger. The populations from PUR-4, PUR-7 and
YEG have the principal features of A. barrierei, like the large size, the slightly bilobed or
trilobed anteroconid in m1, the double anterolophulid, the reduced lingual anteroloph
in M3 and the presence of an anterior protolophule in the upper molars. Our specimens
are smaller than those of A. angustidens, although some values overlap slightly; our m1
have a slightly bilobed or trilobed anteroconid, whereas in those of A. angustidens it is
crest-shaped, and our M1 do not have an anterior cingulum in front of the anterocone,
which is very common in A. angustidens.

Remarks on the genus Apocricetus — Apocricetus aff. plinii was an immigrant in the
Early Turolian (MN11) and gave rise to the phylogenetic lineage A. aff. plinii - A. plinii
- A. alberti- A. barrierei - A. angustidens (Freudenthal et al., 1998). Apocricetus alberti occurs
only in Upper Turolian localities (MN13) and A. barrierei is Lower Ruscinian (MN14)
(Mein, 1975; Martin Suarez, 1988; Ruiz Bustos, 1990, 1992; Freudenthal et al., 1998;
Kalin, 1999).
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Subfamily Cricetodontinae Stehlin & Schaub, 1951
Genus Hispanomys Mein & Freudenthal, 1971

Type species — Cricetodon decedens aragonensis Freudenthal, 1966.

Hispanomys aff. adroveri Agusti, 1986
Pl. 2, figs. 1-3.

Occurrence in the studied localities — JUN-2C.
Material and measurements — See Table 4.

Description — m2 — Worn specimen. The thick mesolophid is in contact with the
metaconid and closes the mesosinusid. The posterosinusid is open. Narrow sinusid.
Three roots.

m3 — The mesolophid closes the mesosinusid. The posterosinusid is open in one
specimen and closed at a low level in the other one. Narrow sinusid. Three roots.

M1 - Bilobed anterocone. The very well developed protosinus and the narrow si-
nus reach the base of the crown. Anterosinus and mesosinus are partially closed. Four
roots.

M2 — Worn specimen. Narrow and deep sinus. One of the two funnels delimited by
the ectolophs has disappeared through wear. Roots cannot be observed.

M3 — Worn specimen. It is divided into two lobes (anterior and posterior) by a nar-
row and deep sinus, and by the mesosinus. The funnels have disappeared through
wear. Roots cannot be observed.

Discussion — The specimens have a medium degree of hypsodonty, less hypsodont
than Ruscinomys. They are smaller than Ruscinomys schaubi Villalta & Crusafont Paird,
1956, from Aljezar-B and Los Mansuetos (Adrover, 1986; van de Weerd, 1976), although
our maxima overlap with the minimum values of R. schaubi.

The specimens share the main features of Hispanomys adroveri Agusti, 1986, from
Casa del Acero and CR15, but they are smaller, like the specimens of Hispanomys aff.
adroveri from CR-17 (Freudenthal et al., 1991). The size of our specimens (Table 4) is near
the lowest values for CR-17.

Table 4. Measurements of the teeth of Hispanomys aff. adroveri from JUN-2C.

Length Width
Element Nt N Min. Mean Max. N Min. Mean Max.
m2 1 1 2.68 1 1.83
m3 2 2 2.26 2.28 2.30 2 1.54 1.58 1.62
M1 2 1 3.54 2 2.19 2.22 2.24
M2 1 1 2.58 1 1.82
M3 1 1 1.85 1 1.57
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Morpho-
type
Locality N | a a|b C d
R. europaeus | LAYNA 8 3
7
R. lasallei PURS 12
ALCOY 2 1 1
* 3
R. aff. schaubi DHS 3
PUR* 4 2 2
R. schaubi ALJ-B,LM | 11 11

Fig. 2. Morphotypes of the lingual lobe of the anterocone of Ruscinomys. (a, a’) oblique and rounded; (a)
unworn, (a’) worn specimen. (b) forward directed with an smooth lingual angle. (c, d) forward directed
with a sharp lingual angle. PUR* includes PUR-23, PUR-24A, PUR-25 and PUR-25A; DHS* includes
DHS-4B and DHS-16; PUR$ includes PUR-4, PUR-13 and BRA-5B.

Morphotype
Locality N |1 2 3

R. europaeus | LAYNA 14 14
14

R. lasallei PUR$ 14
ALCOY, LG-4| 4 4
* 2 4

R. aff. schaubi DHS 6
PUR* 8 4 5
R. schaubi ALJ-B, LM 8 1 6 1

Fig. 3. Morphotypes of the anteroconid of Ruscinonys (after van de Weerd, 1976). (1) Reduced anterolo-
phid. (2) There is no anterolophid sensu stricto, but a reduced crest in the labial border of the anteroco-
nid. (3) Rounded anteroconid. PUR* includes PUR-23, PUR-24A, PUR-25 and PUR-25A; the legend
DHS* includes to DHS-4A, DHS-4B and DHS-16; the legend PURS$ includes to PUR-4 and PUR-13.

Genus Ruscinomys Depéret, 1890
Type species — Ruscinomys europaeus Depéret, 1890.

Remarks — Five morphotypes are distinguished for the lingual lobe of the antero-
cone in the M1 of Ruscinomys (Fig. 2). Morphotypes a and a’ have an oblique and
rounded lingual lobe of the anterocone (a for unworn and a’ for worn specimens); in
morphotype b the lingual lobe of the anterocone is directed forward with a smooth
lingual angle; and in morphotypes ¢ and d the lingual lobe of the anterocone is di-
rected forward with a sharp lingual angle. Morphotype d has the sharp lingual angle
weaker than morphotype c.



8 Garcia-Alix ef al. Cricetidae and Gliridae from southern Spain. Scripta Geol., 136 (2008)

Three different morphotypes are distinguished for the anteroconid of the m1 (after
van de Weerd, 1976) (Fig. 3). These are: morphotype 1, reduced anterolophid; morpho-
type 2, there is no anterolophid sensu stricto, but there is a reduced crest in the labial
border of the anteroconid; and morphotype 3, rounded anteroconid.

Ruscinomys aff. schaubi Villalta & Crusafont Pairé, 1956
PL 2, figs. 4-10.

Occurrence in the studied localities — PUR-23, PUR-24A, PUR-25, PUR-25A, MNA-2,
MNA-4, DHS-15B, DHS-14, DHS-16, DHS-4A and DHS-4B.

Material and measurements — See Table 5.

Description of the material from DHS-16 — m1 — One specimen has a reduced labial
crest in the anteroconid (morphotype 2); the others three specimens have a rounded
anteroconid (morphotype 3). The mesolophid partially closes the mesosinusid and
forms a funnel. The posterolophid closes the posterosinusid at a low level and it forms
another funnel. Narrow and deep sinusid. Two roots (anterior and posterior).

m2 — Two funnels are formed by the mesolophid and the posterolophid, which par-
tially close the mesosinusid and the posterosinusid, respectively; the posterolophid is
lower than the mesolophid. Three roots (one anterior and two posterior).

m3 — There is an anterior funnel; in fresh specimens the posterolophid does not
close the posterosinusid completely. Narrow and deep sinusid. Two roots (anterior and
posterior).

M1 - The anterocone is divided into two lobes by a medium-deep groove that comes
close to the base of the crown; its lingual lobe presents morphotype b (Fig. 2). The com-
plete ectolophs delimit two funnels. The bottom of the deep and narrow sinus is at the
level of the crown basis. The posteroloph is curved slightly posterolabially. There are
five roots corresponding to the cusps.

M2 — Worn specimens. The complete ectolophs delimit two funnels. The posteroloph
is curved slightly posterolabially. Four roots (two anterior and two posterior).

M3 — Worn specimens. The sinus and the mesosinus divide the teeth into two lobes;
the posterior lobe is smaller than the anterior one. Two roots; the anterior one may be
split.

Discussion — Our material is generally slightly smaller and lower crowned than
that of Ruscinomys lasallei Adrover, 1969, from Alcoy, or La Gloria-4. Ruscinomys lasal-
lei has a rounded anteroconid in m1, without labial crest (morphotype 1; Fig. 3). Our
specimens are larger than those of R. gilvosi Adrover et al., 1988, especially in the
width. Ruscinomys bravoi Adrover & Mein, 1996, was defined for some very broad M1
of R. schaubi from Aljezar-B. These M1 are larger than our material. Nevertheless, the
figured and described specimens of R. bravoi do not have the labial crest of the ante-
roconid in m1, nor are the lingual lobes of the anterocone in M1 like those of our spec-
imens.

Our material agrees in size with R. schaubi from Los Mansuetos and Aljezar-B, among
others. The labial crest of the anteroconid in m1 is variable in the specimens from Los
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Table 5. Measurements of the teeth of Ruscinomys aff. schaubi from the studied localities.

Length Width
Element  Localities Nt N Min. Mean Max. N Min. Mean Max.
ml DHS-4B 1 1 3.20 1 2.10
DHS-4A 1 1 3.09 1 2.16
DHS-16 4 4 3.10 3.19 3.28 4 1.90 2.02 2.10
PUR-25A 2 2 3.20 3.23 3.26 1 2.12
PUR-25 2 1 3.20 2 2.13 2.15 2.17
PUR-24A 2 1 3.08 1 2.18
PUR-23 5 1 3.13 1 2.08
m2 DHS-4B 1 1 291 1 2.06
DHS-4A 1 1 2.78 1 1.81
DHS-16 2 2 2.96 2.99 3.02 2 1.96 1.96 1.96
PUR-25A 2 1 3.01 1 1.95
PUR-25 1 1 3.12 1 2.01
PUR-24A 2 1 3.08 1 2.09
PUR-23 1 1 2.97 1 2.13
m3 DHS-4B 1 1 2.55 1 2.02
DHS-4A 1 1 2.67 1 1.62
DHS-16 4 4 2.36 2.40 2.46 4 1.63 1.76 1.97
DHS-14 1 1 2.47 1 1.65
DHS-15B 1 1 2.70 1 1.78
MNA-4 2 2 2.33 2.46 2.59 2 1.59 1.63 1.66
MNA-2 1 1 2.53 1 1.67
PUR-25A 4 4 2.53 2.66 2.77 4 1.68 1.73 1.80
PUR-25 2 1 2.49 2 1.77 1.81 1.85
PUR-24A 2 2 243 2.50 2.56 2 1.74 1.77 1.79
PUR-23 5 4 2.52 2.65 2.77 5 1.68 1.75 1.78
M1 DHS-4A 1
DHS-16 2 2 3.85 3.89 3.92 2 2.32 2.35 2.37
PUR-25A 2 2 3.73 3.79 3.84 1 2.35
PUR-25 2 2 2.45 2.60 2.76
PUR-24A 1 1 3.87 1 2.40
PUR-23 2 1 3.72 2 2.34 244 2.54
M2 DHS-4B 1 1 2.90 1 2.15
DHS-16 2 2 2.96 3.07 3.17 2 2.05 2.24 242
PUR-25A 3 3 2.66 2.82 3.05 2 2.19 2.26 2.32
PUR-25 1 1 3.00 1 2.29
PUR-24A 5 4 2.52 2.72 2.85 4 2.05 2.11 2.15
PUR-23 3 2 2.59 2.81 3.03 2 2.00 2.06 2.12
M3 DHS-16 1 1 1.90 1 1.57
PUR-25A 3 3 1.95 2.07 2.20 3 1.61 1.66 1.76
PUR-25 3 2 1.94 2.05 2.15 2 1.56 1.60 1.63
PUR-24A 1 1 2.07 1 1.65
PUR-23 2 2 1.74 1.84 1.94 2 1.43 1.51 1.58

Mansuetos and Aljezar-B, but it is less developed and less frequent in our specimens
(Fig. 3). The lingual lobe of the anterocone in the M1 of R. schaubi is oblique and rounded
(morphotypes a, a’; Fig. 2), or slightly oval, whereas our specimens show morphotype b
or ¢ (Fig. 2). Morphotype c is observed in more recent Ruscinomys (Fig. 2).
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Contemporaneous localities from Teruel (Valdecebro-3, Valdecebro-6, La Gloria-5,
Arquillo-1, Celadas-2 and Arquillo-4) contain specimens of R. cf. lasallei that are slight-
ly smaller, slightly less hypsodont and more archaic than R. lasallei from La Gloria-4
(Adrover et al., 1993). Our specimens are classified as Ruscinomys aff. schaubi because
they share features with R. schaubi (such as their size and the crest of the anteroconid
in some specimens) and with R. lasallei (like the shape of the lingual lobe of the antero-
cone).

Ruscinomys lasallei Adrover, 1969
Pl 2, figs. 11-18.

Holotype — M1 (AL 10) deposited in the Instituto de Paleontologia Miquel Crusafont,
Sabadell, Spain.

Type locality — Alcoy, Spain.
Occurrence in the studied localities — BRA-5B, PUR-4, CLC-3 and PUR-13.
Material and measurements — See Table 6.

Description — m1 — There is a rounded anteroconid (morphotype 3). In fresh speci-
mens the mesosinusid and the posterosinusid are not completely closed by the mesolo-
phid and posterolophid. The funnels have disappeared in worn specimens. Narrow
and deep sinusid. Two roots.

m2 — The mesolophid and the posterolophid partially close the mesosinusid and the
posterosinusid, respectively. This last one is closed at a lower level than the mesosinusid.
Narrow and deep sinusid. Three roots (one anterior and two posterior), but in one
specimen from PUR-4 the anterior root is split at mid-height.

Table 6. Measurements of the teeth of Ruscinomys lasallei from the studied localities.

Length Width
Element  Localities Nt N Min. Mean Max. N Min. Mean Max.
ml PUR-13 1 1 3.46 1 1.99
PUR-4 19 9 3.34 3.46 3.54 11 2.11 2.27 2.39
BRA-5B 1
m2 CLC-3 1 1 3.50 1 2.28
PUR-4 8 5 3.20 3.33 3.45 6 2.07 2.14 2.21
BRA-5B 1 1 2.16
m3 PUR-13 2 2 2.60 2.69 2.78 2 1.91 1.94 1.96
PUR-4 14 11 2.62 2.72 2.83 11 1.81 1.94 2.09
M1 PUR-13 1 1 4.75 1 2.86
PUR-4 9 4 4.31 4.40 4.52 6 2.63 2.73 2.83
BRA-5B 3 2 4.33 4.35 4.36 2 2.75 2.76 2.77
M2 PUR-4 16 12 2.93 3.10 3.34 14 2.13 2.30 2.79
BRA-5B 1 1 3.27 1 2.31
M3 PUR-4 14 13 1.86 2.03 2.22 13 1.56 1.67 1.74
BRA-5B 1 1 2.05 1 1.81
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m3 — The mesosinusid is partially closed by the mesolophid. The posterosinusid is
open and in only one specimen from PUR-13 the posterolophid closes the posterosi-
nusid at a low level. Narrow and deep sinusid. Two roots (anterior and posterior).

M1 - The anterocone is split into two lobes by a strong groove (strongest in PUR-13)
that almost descends to the base of the crown. The lingual lobe of the anterocone has
morphotype cor d (Fig. 2). The complete ectolophs form two funnels. Narrow and deep
sinus. Five roots corresponding with the cusps.

M2 — The complete ectolophs delimit two funnels (the posterior funnel is closed at
a lower level than the anterior one). The posteroloph is curved slightly posterolabially.
Narrow and deep sinus. Four roots.

M3 — Some specimens have two funnels. The sinus and the mesosinus divide the
teeth in two lobes, and the posterior lobe is smaller than the anterior. The anterosinus is
weak. Two roots (anterior and posterior).

Discussion — The studied specimens are large and hypsodont. They are higher
crowned than those of R. schaubi. The size of our specimens (like those of R. lasallei
from Alcoy and La Gloria-4) agrees with the maximum of R. schaubi or they are even
larger. Our specimens are, in general, larger and higher-crowned than those of R. gil-
vosi and R. bravoi.

The studied specimens usually have complete ectolophs and they have no labial
crest in the anteroconid of m1. One M1 from PUR-4 and another one from PUR-13 agree
with the minimum size of R. europaeus Depéret, 1890, but in general our specimens have
lower crowns and smaller sizes than R. europaeus from Layna. In our M1 the groove of
the anterocone does not continue on the anterior root, as is the case of R. europaeus (see
Fig. 4). The lingual lobe of the anterocone of the studied M1 is similar to those of R.
europaeus from Layna (morphotype c or d; Fig. 2).

Ruscinomys cf. lasallei Adrover, 1969
Occurrence in the studied localities — AGU-1C, PUR-3 and CLC-4B.

Material and measurements — See Table 7.

. Subdivision Weak |Medium | Strong Very Total
Locality N strong

R. europaeus | LAYNA 8
. PUR-13 1
R-lasallei BRA-5B and PUR | 11
. | DHS* 3

R. aff. schaubi PUR* 2
R. schaubi ALJEZAR-B 11

Fig. 4. Subdivision of the anterior wall of the anterocone of Ruscinomys. Weak is a superficial subdivision
and total means that the subdivision continues on the anterior root. PUR* includes PUR-23, PUR-24A,
PUR-25 and PUR-25A; DHS* includes DHS-4B and DHS-16.
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Table 7. Measurements of the teeth of Ruscinomys cf. lasallei from the studied localities.

Length Width
Element  Localities Nt N Min. Mean Max. N Min. Mean Max.
ml PUR-3 3 2 3.12 3.18 3.24 2 1.99 2.06 2.10
m3 AGU-1C 1 1 2.23 1 1.72
M1 PUR-3 1 1 3.81 1 3.27
M3 CLC-4B 1 1 1.95 1 1.55

Description and discussion — Two worn and broken m1 with rounded anteroconid
and two roots, and one M1 have been found in PUR-3. The two lobes of the anterocone
of M1 are elongated and very marked (morphotype c, Fig. 2). There are two funnels and
a deep, narrow sinus. Roots are not preserved. Their sizes agree with the maximum
values of R. aff. schaubi, and they are near the minimum size of R. lasallei from BRA-5B,
PUR-4, PUR-13, Alcoy and La Gloria-4. They are slightly more hypsodont than those of
R. aff. schaubi. The anterocone has morphotype c (Fig. 2) like the more recent species of
Ruscinomys.

In one worn m3 from AGU-1C and one worn M3 from CLC-4B without roots, only
the main folds are well preserved. We ascribe this scarce and badly preserved material
to Ruscinomys cf. lasallei.

Remarks on the genus Ruscinomys — Adrover (1969) defined R. lasallei as a species
intermediate between the Miocene R. schaubi and the Pliocene R. europaeus. Mein &
Freudenthal (1971) attributed these species to two different genera and two independ-
ent phylogenetic lineages: Pseudoruscinomys, for R. schaubi and R. lavocati (now Criceto-
don lavocati); and Ruscinomys, for R. lasallei, R. europaeus and R. thaleri (now Hispanomys
thaleri). Pseudoruscinomys has a labial crest in the anteroconid (not an anterolophid sensu
stricto) and a well-developed furrow in the upper incisors (Mein & Freudenthal, 1971).
Van de Weerd (1976) synonymized Pseudoruscinomys with Ruscinomys since this furrow
is present in Cricetodon, Hispanomys, Ruscinomys and Byzantinia, so the taxonomic value
of this feature is limited.

Mein & Freudenthal (1971) thought the origin of Ruscinomys and Pseudoruscinomys
to be Cricetodon albanensis. Agusti (1982) suggested that the origin of the genus Ruscino-
mys is Hispanomys peralensis.

The position of R. gilvosi in the line of Ruscinomys is not clear and Adrover et al.
(1988) suggested that it may be related with an immigration. Ruscinomys bravoi also has
an indeterminate position within the genus Ruscinomys, maybe independent of R.
schaubi, because both species coexist in Aljezar-B. Ruscinomys africanus Geraads, 1998,
from Lissasfa (Casablanca, Morocco) resembles Byzantinia (reduced anterolophid in m1
and very well-developed spur in the lingual anterolophule of the M1), a genus un-
known so far in the western Mediterranean area.

In Teruel, Ruscinomys is very abundant in the Middle Turolian, and scarce in Upper
Turolian and Ruscinian localities. This may be related to some kind of ecological control
(Adrover et al., 1993). At present, the oldest record of Ruscinomys is from Masada del
Valle-2 (MN12) (Freudenthal ef al., 1991). Our populations of R. aff. schaubi, like those
from Teruel mentioned above, share features with R. lasallei (degree of hypsodonty, the
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strong groove splitting the anterocone, the shape of the anterocone in M1, and the very
well-developed ectolophs and mesolophid) and with R. schaubi (reduced labial crest in
the anteroconid of some m1 and the weak to moderate development of the groove that
divides the anterocone in M1) (Figs. 2-4).

Two phylogenetic hypotheses for the genus Ruscinomys are possible.

1: Pseudoruscinomys schaubi is a Ruscinomys in which some archaic features resemble
those of Hispanomys (van de Weerd, 1976), like the reduced anterolophid in some speci-
mens and the height of the crown (Fig. 5A).

2: Pseudoruscinomys schaubi represents a phylogenetic line independent of Ruscino-
mys (according to Mein & Freudenthal, 1971). The specimens of R. aff. schaubi (with the
reduced labial crest in the anteroconid) are descendants of Pseudoruscinomys schaubi
(Fig. 5B).

The data from the Granada basin agree with the first hypothesis (Fig. 5A). Figures
2-4 show a gradual evolution of the anteroconid in m1 and the anterocone of M1 from
the older localities to the younger ones. However, more Upper Turolian populations of
Ruscinomys are necessary to specify the phylogenetic relationship between R. schaubi
and R. lasallei in more detail.

Escorihuela-B
R. europaeus Villalba Alta-1 R. europaeus

R. lasallei

— La Gloria-4 PUR-13
‘ R. lasallei ‘ Alcoy CLC-3 ‘ ‘
; PUR-4
: - Arquillo-4 DHS* -
R. aff. lasallei Arquillo-1 Pseudoruscinomys
R. aff. schaubi LaGloria-5  pyp+ aff. schaubi
Villastar
. Valdecebro-6 :
Valdecebro-3 .
. Los Mansuetos Pseudonlscinom S
R. schaubi ‘ Aljezar-B schaubi Y
T (Masada del Valle-2?
N ‘ Hispanomys/Cricetodon??

Fig. 5. Two phylogenetic hypotheses for Ruscinomys. (A) After van de Weerd (1976) and this paper. (B)
After Mein & Freudenthal (1971). PUR* includes the populations of Ruscinomys from PUR-23, PUR-
24A, PUR-25 and PUR-25A; DHS* includes the populations of Ruscinomys from the section of Arenas
del Rey.
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Cricetidae Incertae Subfamiliae
Blancomys van de Weerd, Adrover, Mein & Soria, 1977
Type species — Blancomys neglectus van de Weerd et al., 1977.

Blancomys sanzi Adrover, Mein & Moissenet, 1993
PL. 3, figs. 4-11.

Holotype — m1 (LG-5 1) deposited in the Instituto de Paleontologia Miquel Crusa-
font, Sabadell, Spain.

Type locality — La Gloria-5, Spain.
Occurrence in the studied localities — PUR-4.
Material and measurements — See Table 8.

Description — m3 — Bilobed tooth that is anterolingually broken. The sinusid is weak,
and the mesosinusid is narrow and deep. The posterosinusid has disappeared because
of wear. Roots are not preserved.

M1 — The hook-shaped anterocone is directed towards the labial border. Antero-
sinus, mesosinus and sinus are well developed, but the protosinus and posterosinus are
weakly curved and little pronounced. Roots are not preserved.

M?2 - Bilobed tooth. The sinus is narrower and deeper than the mesosinus, which is
wide and weakly curved. Roots are not preserved.

M3 - Bilobed teeth, slightly compressed longitudinally. The sinus is narrow and
deep. Two roots (anterior and posterior).

Discussion — These specimens are smaller than those of B. meini Adrover, 1986, and
B. neglectus, and similar in size to those of Blancomys sanzi from the Teruel localities La
Gloria-5, Valdecebro-3, Valdecebro-6, Villastar and Celadas-2 (Adrover ef al., 1993). The
M1 presents some features similar to those of B. neglectus, like the wider anterosinus
that penetrates only slightly in the anterocone.

Table 8. Measurements of the teeth of Blancomys from the studied localities.

Length Width
Element  Localities Nt N Min. Mean Max. N Min. Mean Max.
ml TCH-1B 2 1 4.75 1 3.18
BRA-5B 1 1 4.54 1 2.73
m3 PUR-4 1 1 2.30
M1 TCH-1B 1
PUR-4 1 1 3.89 1 2.83
M2 PUR-4 1 1 2.80 1 2.34
TCH-1B 1 1 3.17 3.19
M3 PUR-4 3 3 2.06 2.09 2.14 3 1.76 1.91 2.02
TCH-1B 1 1 2.95 2.81
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Blancomys meini Adrover, 1986
Pl 3, figs. 12-14.

Holotype — m1 (SAR) deposited in the Instituto Lucas Mallada (C.S.I.C.), Madrid,
Spain.

Type locality — Sarrién, Spain.
Occurrence in the studied localities — TCH-1B.
Material and measurements — See Table 8.

Description — m1 — The weak and open anterosinusid, and a wide and deep mesosi-
nusid, reach the level of the crown basis. The shallow posterosinusid does not reach the
crown basis. The labial border is almost straight due to the wear. Two roots (anterior
and posterior).

M1 - Broken posterolabially. The rounded anterosinus is less deep than the U-shaped
sinus. The mesosinus is deeper than the anterosinus. The weak protosinus almost
reaches the crown basis. Roots are not preserved.

M2 — The deep sinus and the mesosinus both reach the basis of the crown, and
divide the teeth into two lobes; the anterior lobe is wider than the posterior one. The
anterior border is almost straight and the posterior one is rounded. Roots are not pre-
served.

M3 - It is divided into two lobes like M2 and slightly compressed longitudinally.
The anterior lobe is wider than the posterior one. Two roots (anterior and posterior).

Discussion — The lengths of our specimens agree with those of B. meini from its type
locality (Sarrion), but the width is slightly larger in the TCH-1B molars. The size of B.
meini from Moreda-1 (Adrover, 1986; Castillo, 1990) agrees with our specimens. The
specimens from TCH-1B are larger than those of B. neglectus from Layna (type locality),
Villalba Alta and Arquillo 3 (van de Weerd et al., 1977; Adrover, 1986), and B. sanzi from
La Gloria-5 (type locality), Valdecebro-3, Valdecebro-6, Celadas-2, Villastar (Adrover et
al., 1993) and PUR-4. The morphological differences between the species of Blancomys
are few; the main diagnostic feature is size (Adrover, 1986; Adrover ef al., 1993).

Blancomys aff. sanzi Adrover, Mein & Moissenet, 1993
Pl. 3, figs. 1-3.

Occurrence in the studied localities — BRA-5B.

Material and measurements — See Table 8.

Description — A large m1 has been found with an almost straight labial border and a
wide and weak sinusid. The anteroconid is rounded and there is neither an anterolophid

nor a mesolophid. The large, wide and U-shaped mesosinusid reaches the level of the
crown basis. Deep and narrow posterosinusid. Metaconid and entoconid are parallel
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and perpendicular to the longitudinal axis of the molar. Two broad and robust roots
(anterior and posterior).

Discussion — The morphology of the tooth is very similar to B. sanzi because of the
nearly straight labial border. This is not frequent in B. neglectus nor in B. meini. The pos-
terosinusid is deep and narrow, penetrating far into the occlusal surface like in B. sanzi.
Blancomys meini and B. neglectus usually have a shallow posterosinusid that hardly pen-
etrates into the occlusal surface. However, our specimen is larger and presents a higher
degree of hypsodonty than B. sanzi. The teeth of B. sanzi are smaller than those of B.
neglectus and B. meini, whereas our specimen even exceeds the size of B. neglectus and
comes close to the values of B. meini, the largest and youngest Blancomys known (Fig.
6).

The presence in BRA-5B of a very big Blancomys with sanzi-like morphology, while
‘normal’ B. sanzi persists in the contemporaneous locality PUR-4, suggests that we are
dealing with an unknown species (Fig. 6).

Blancomys meini Blancomys sanzi

Z ~  TCH-1B LG-5, VDC-6, VDC-3
Sl Sarrién <—>*PUR4
&<
;‘: E Blancomys neglectus Blancomys aff. sanzi
5 Ul ——— Villalba Alta,Layna B BRASB
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Fig. 6. Size distribution of the length of m1 of different Blancomys species (data from Adrover et al., 1993).
The length of the m1 from PUR-4 has been estimated from the length of M1.
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Blancomys? sp.
Occurrence in the studied localities - MNA-4.

Description and discussion — A single specimen (2.15 x 2.01 mm) only preserves the
external wall of the crown. Its determination is very difficult. It may be a m3 or M3. It
has two lobes separated by the sinus(id). The posterior lobe is smaller than the anterior
one. We attribute it to Blancomys? sp.

Remarks on the genus Blancomys — Blancomys is characterized by its large size, high
crowns, thick enamel, opposed lingual and labial folds, and reduced M3. The main dif-
ference between the species of the genus is the size; there is an increase in size through
time (Fig. 6) (Adrover, 1986; Adrover et al., 1993).

The taxonomic position of this genus is not clear. Adrover et al. (1993) proposed that
it belongs to the family Cricetidae. McKenna & Bell (1997) placed it in the family Muridae,
but outside their subfamily Cricetinae (which is equivalent to our family Cricetidae).
Mazo et al. (1985) suggested a relation with the family Ctenodactylidae. Fejfar (1999) in-
cluded it in the microtoid cricetids (sensu Schaub, 1934; Stehlin & Schaub, 1951), an infor-
mal taxonomical category that groups some cricetids with pronounced hypsodonty. The
genus is poorly known, its record is very discontinuous and the material is scarce.

Blancomys is very rare in the south of the Iberian Peninsula. Blancomys neglectus is
known from Huéscar-3 (Mazo et al., 1985) and Barranco de Quebradas-1 (Sesé, 1989),
and Blancomys meini only from Moreda (Castillo, 1990).

Until now, B. sanzi was only known from Upper Turolian localities in Teruel (Mein
et al., 1990), but now it is known from the Early Ruscinian (PUR-4), too. There is a refer-
ence of two specimens and a fragment of B. sanzi in Alcoy by Adrover et al. (1993), but
the measurement data appear to be erroneous and we prefer not to use this record.
Blancomys neglectus occurs in latest Early Ruscinian localities (Mein et al., 1990). Blanco-
mys meini occurs in the latest Ruscinian and lowest Villafranchian. The genus disap-
peared in the Villafranchian.

Blancomys aff. sanzi from BRA-5B (latest Turolian) is larger than B. sanzi from PUR-4
(earliest Ruscinian) and its size is close to B. meini. It may represent an unknown lineage
of large-sized Blancomys.

Family Gliridae Muirhead, 1819
Subfamily Dryomyinae de Bruijn, 1967
Genus Eliomys Wagner, 1840
Type species — Eliomys melanurus Wagner, 1840.

Eliomys truci Mein & Michaux, 1970
Pl 4, figs. 1-8.

Holotype — Unnumbered M1-2 deposited in the University of Lyon, France.

Type locality — Hautimagne, France.
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Occurrence in the studied localities — OTU-1, OTU-4, PUR-23, PUR-24A, PUR-25,
PUR-25A, DHS-1, DHS-16, TCH-1B and TCH-13.

Material and measurements — See Table 9.

Description — p4 — Subtriangular outline with rounded anterior and posterior bor-
ders. The protoconid, anterolophid and metaconid are fused, and they form a round-
ed-triangular complex with a central depression, posterolingually open in the figured
specimen from PUR-23 (PL. 4, fig. 1). This complex is separated from the mesolophid
by a deep valley. There is no centrolophid. Mesoconid and hypoconid are separated.
There is a posterotropid. One broad and robust central root.

m1-2 — Rectangular outline. The anterolophid is separated from the protoconid
(except in the specimens from PUR-25A) and from the metalophid. There is no an-
terotropid. The metalophid and the metaconid have a weak contact in one specimen
from each of the localities OTU-1 (P1. 4, fig. 2), PUR-25A and THC-13. The centrolo-
phid is long (except in the specimens from THC-13) and may be in contact with the
middle of the metalophid. The metaconid and the large entoconid are separated by a
deep valley. There is a well-developed posterotropid, except in one specimen from
TCH-13. Three roots (two anterior and one posterior).

Table 9. Measurements of the teeth of Eliomys truci from the studied localities.

Length Width
Element  Localities Nt N Min. Mean Max. N Min. Mean Max.
p4 PUR-23 2 1 0.92 2 0.86 0.87 0.88
OTU-1 1
m1-2 TCH-13 2 1 0.98
TCH-1B 1 1 1.03 1 1.15
PUR-25A 2 2 1.19 1.19 1.19 2 1.20 1.23 1.26
PUR-24A 1 1 1.18 1 1.32
PUR-23 2 1 1.22 1 1.27
OTU-1 4 3 1.07 1.13 1.18 2 1.26 1.30 1.34
m3 TCH-13 1
OTU-1 2 1 0.93 1 1.09
D4 TCH-13 1 1 0.63 1 0.79
P4 TCH-13 2 1 1.23
DHS-1 1 1 0.94 1 1.33
PUR-25 1
OTU-4 1 1 0.73 1 1.00
M1-2 TCH-13 1 1 1.02 1 1.28
TCH-1B 2 2 1.08 1.09 1.10 2 1.41 1.43 1.45
DHS-1 1 1 1.06 1 1.39
DHS-16 1 1 1.01 1 1.31
PUR-23 1
OTU-1 2
M3 TCH-13 1 1 0.90 1 1.19
TCH-1B 1 1 0.96 1 1.31
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m3 — The labial face is longer than the lingual one; the posterior border is rounded.
The anterolophid is separated from protoconid and metalophid by a groove. There is
a weak centrolophid in the specimen from TCH-13. The metalophid and the meso-
lophid, which may be slightly sinuous, are separated by a valley, as are the metaconid
and the entoconid. There are no accessory crests (anterotropid or posterotropid). The
posterolophid is continuous and very much curved. Three roots (two anterior and
one posterior).

D4 — Triangular outline. The protocone is higher than the paracone and the meta-
cone. The low and curved anteroloph is in contact with the paracone. There is no
centroloph. The low posteroloph is isolated. Roots are not preserved.

P4 — Sub-triangular or trapezoidal outline. The metacone is higher than the para-
cone. The short and low anteroloph is united to the paracone. There is a precentrolo-
ph, except in one specimen from TCH-13. The metacone of the specimen from DHS-1
seems to bear an incipient postcentroloph. The low posteroloph is separated from the
metacone, and only in the specimens from OTU-4 and DHS-1 is it connected to the
protocone. There are no accessory crests (anterotrope or posterotrope). Roots are not
preserved.

M1-2 — Sub-rectangular outline. The anteroloph is separated from protoloph and
paracone by a deep valley. The protoloph is sinuous in the specimens from TCH-13
and TCH-1B. There is a well developed precentroloph and, in the specimens from
DHS-1, PUR-23 and OTU-1, there an incipient postcentroloph. There are no accessory
crests. The metacone is separated from the protoloph. All crests (except for the centro-
loph and, in the specimen from TCH-13, the posteroloph) are sub-perpendicularly
connected to the endoloph. Three roots (one lingual and two labial)

M3 - Trapezoidal outline, with the posterior border narrower. The paracone is
larger than the metacone. The protoloph and metaloph are slightly sinuous, and are
separated by a deep and wide valley. The specimen from TCH-13 has no centrolophs,
but the specimen from TCH-1B has a small and isolated postcentroloph. The poster-
oloph is straight, short and separated from the metacone. Roots are not preserved.

Discussion — The main features of the studied populations are summarized in Ta-
bles 10-12. The outline of the molars tends to be slightly angular and the crests are
usually straight, as in Eliomys truci Mein & Michaux, 1970, from Hautimagne (Mein &
Michaux, 1970; Adrover, 1986), Los Mansuetos, Concud-3 (van de Weerd, 1976),
Moreda-1A,-1B, Rambla Seca-1 (Castillo, 1990), Aljezar-B, Orrios (Adrover, 1986),
Valdecebro-6 and La Gloria-5 (Adrover et al., 1993), among others. In contrast, the
teeth of E. intermedius Friant, 1953, from Sete (Friant, 1953), Galera-2, Canada del
Castano-1, 2, Gorafe-5 (Martin Suarez, 1988), Moreda-1A (Castillo, 1990), La Gloria-4
(Adrover et al., 1993), Arquillo-IIl, Villalba Alta (Adrover, 1986), Orrios 3 (Adrover,
1986) and Casablanca-B, among others, are larger and have a more rounded outline,
as well as more sinuous crests than our specimens. The small size and the simple
structure of our specimens agree with E. truci. The extant species Eliomys quercinus is
larger, the teeth have a more rounded contour (especially in the upper molars), and
the cusps are higher and more voluminous than in E. truci.
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Table 10. Summary of the principal features observed in the lower molars of Eliomys truci.

Centrolophid
Connection ~ Connection Absent Connected Without Postero-
anterolophid- metalophid- to connection tropid
protoconid metaconid metalophid to metalophid
Yes No Yes No Yes No
ml-2 TCH-13 0 2 1 1 0 0 2 1 1
TCH-1B  ? ? 0 1 0 0 1 1 0
PUR-25A 2 0 0 2 0 0 2 2 0
PUR-25 0 1 1 0 0 0 1 1 0
PUR-24A 0 1 0 1 0 1 0 1 0
PUR-23 0 2 0 2 0 1 1 2 0
OTU-1 0 3 1 2 0 0 3 3 0
m3 TCH-13 0 1 0 1 0 0 1 0 1
OTU-1 0 2 0 2 2 2 2 0 2
Table 11. Summary of the principal features of the M1-2 of Eliomys truci.
Centrolophs Connection
M1-2 Precentroloph  Postcentroloph ~ Both ~ Absent posteroloph-endoloph
Yes No
TCH-13 1 0 0 0 0 1
TCH-1B 2 0 0 0 2 0
DHS-1 1? 0 1? 0 1 0
PUR-23 0 0 1 0 1 0
OTU-1 0 0 1 0 1 0
Table 12. Summary of the main features of the M3 of Eliomys truci.
M3 Centrolophs
Precentroloph  Postcentroloph
Absent Connected to Connected to Connection
paracone metacone posteroloph-endoloph
Yes No Yes No Yes No
TCH-13 1 0 0 0 0 1 0
TCH-1B 0 0 0 0 1 1 0

Eliomys intermedius Friant, 1953
Pl 4, figs. 9-19.

Original reference — Eliomys quercinus l. intermedius Friant, 1953.
Holotype — Unnumbered M1, deposit unknown.
Type locality — Sete, France.

Occurrence in the studied localities — PUR-13, TCH-3, TCH-1B and TCH-1.
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Table 13. Measurements of the teeth of Eliomys intermedius from the studied localities.

Length Width

Element  Localities Nt N Min. Mean Max. N Min. Mean Max.

d4 TCH-3 2 2 1.04 1.05 1.05 2 0.95 0.97 0.98
TCH-1B 3 3 1.18 1.24 1.29 3 1.11 1.13 1.14
TCH-1 1 1 1.22 1 1.05

p4 TCH-3 5 5 1.26 1.38 1.51 5 1.11 1.30 1.43
TCH-1B 6 5 1.36 1.45 1.59 6 1.24 1.31 1.43
PUR-13 1 1 1.10

m1-2 TCH-3 10 10 1.33 1.55 1.60 10 1.69 1.84 1.95
TCH-1B 12 7 1.49 1.62 1.69 8 1.78 1.91 1.99
PUR-13 5 5 1.30 1.37 1.48 4 1.45 1.51 1.54

m3 TCH-3 6 6 1.30 1.43 1.49 6 1.50 1.59 1.72
TCH-1B 6 6 1.28 1.40 146 6 1.52 1.61 1.67
PUR-13 1 1 1.26 1 1.45

D4 TCH-3 4 3 0.91 0.95 0.98 3 1.23 1.29 1.39
TCH-1B 2 2 0.80 0.82 0.84 2 1.19 1.21 1.23

P4 TCH-3 6 6 1.13 1.20 1.27 6 1.55 1.61 1.70
TCH-1B 1 1 1.09 1 1.48

M1-2 TCH-3 14 13 1.38 1.46 1.62 13 1.77 2.01 2.25
TCH-1B 13 8 1.36 1.50 1.62 8 1.80 1.95 2.15
PUR-13 1 1 1.25 1 1.67

M3 TCH-3 6 6 1.38 1.40 1.43 6 1.68 1.77 1.86
TCH-1B 4 4 1.36 1.45 1.56 4 1.65 1.74 1.81
PUR-13 1 1 1.13 1 1.49

Material and measurements — See Table 13.

Description of the material from TCH-3 — d4: Worn specimens with subtriangular out-
line, with a slightly convex posterior border. There is a wide lingual valley that sepa-
rates the metaconid from the high entoconid. The metalophid and the accessory crests
are not visible due to the wear. The high and continuous posterolophid is connected to
hypoconid and entoconid. Roots are not preserved.

p4 — Subtriangular outline, with a slightly convex posterior border. The fused pro-
toconid and metaconid form a high, triangular complex, which is separated from the
mesolophid, mesoconid and entoconid by a deep groove. The mesolophid may be con-
tinuous or interrupted (two specimens). Mesoconid and hypoconid are separated.
There is no posterotropid. The posterolophid is high and curved. One root with trian-
gular section.

m1-2 — Trapezoidal outline. The anterolophid may be in contact with the protoconid
or separated. There is no anterotropid. The metalophid is usually in contact with the
metaconid. The centrolophid is present, except in two specimens, and variable in length;
it is short, long or discontinuous, and its labial end may be connected to the metalophid
or not. The metaconid and the entoconid are separated. There is no endolophid. The
mesolophid is continuous except in one specimen. Some specimens have a postero-
tropid. Large hypoconid. Three roots (two anterior and one posterior).

m3 — The labial face is longer than the lingual one. The anterolophid is usually sepa-
rated from the protoconid. The metalophid may be in contact with the metaconid. There
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are no accessory crests. When present, the centrolophid is short. The metaconid and the
entoconid are separated by a narrow valley. The posterolophid is continuous. The mes-
olophid is usually sinuous. Three roots (two anterior and one posterior).

D4 — Triangular outline. Protocone, paracone and metacone are high. The low and
short anteroloph is connected labially to the paracone. Protoloph and metaloph are
high and continuous. One specimen has a precentroloph, two have a postcentroloph
and the other specimen has no centroloph (PL 4, fig. 15). The low posteroloph is sepa-
rated from the metacone. It is connected to the protocone in two specimens. Three roots
(one lingual and two labial).

P4 — Triangular outline. Paracone and metacone are usually higher than the proto-
cone. The low and short anteroloph is connected labially to the paracone. In two speci-
mens it is connected lingually to the protoloph. Four specimens have a discontinuous
protoloph. Two specimens have a small precentroloph, two have a large precentroloph
and a reduced postcentroloph, and the other specimens have no centrolophs. The meta-
loph is high and continuous. The posteroloph is low and connected lingually to the
protocone, and, in one specimen only, it is connected to the metacone. Three roots (one
lingual and two labial).

M1-2 — Subrectangular or trapezoidal outline. The anteroloph is separated from
the protoloph and from the paracone, except in one case. Paracone and metacone are
high and separated. The protoloph and the metaloph are continuous. There is usually
a precentroloph and, frequently, the two centrolophs are present; one specimen has
only the postcentroloph and in another one both centrolophs are absent. In two speci-
mens the posteroloph is separated from the endoloph. Three roots (one lingual and
two labial).

M3 - Trapezoidal outline. The anteroloph is separated from the protoloph and in
one specimen it is united labially to the high paracone. The postcentroloph is always
present; it may be connected to the metacone. Some specimens have a precentroloph,
attached to the paracone. The posteroloph may be connected to the endoloph. Three
roots (one lingual and two labial).

Discussion — The occlusal surface is strongly concave, the crests are high and con-

tinuous, and the outline of the teeth is rounded. The studied populations show a large
variability (Tables 14-16). The specimens are larger than those of E. truci. The size and

Table 14. Summary of the principal features of the lower molars of Eliomys intermedius.

Centrolophid
Connection ~ Connection Absent Connected Without Postero-
anterolophid- metalophid- to connection tropid
protoconid metaconid metalophid to metalophid
Yes No Yes No Yes No
ml-2 TCH-3 5 5 6 4 2 3 5 2 8
TCH-1B 4 6 7 5 0 2 10 6 6
PUR-13 0 5 4 1 0 2 3 5 0
m3 TCH-3 2 4 3 3 2 1 3 0 6
TCH-1B 1 4 2 5 2 0 4 1 5
PUR-13 0 1 0 1 0 0 1
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Table 15. Summary of the principal features of the M1-2 of Eliomys intermedius.

Connection
M1-2 Centrolophs posteroloph-endoloph
Precentroloph Postcentroloph Both ~ Absent Yes No
TCH-3 7 1 5 1 12 2
TCH-1B 8 1 3 0 10 3
PUR-13 0 0 1 0 1 0

Table 16. Summary of the principal features of the M3 of Eliomys intermedius.

M3 Centrolophs Connection
Precentroloph Postcentroloph posteroloph-endoloph
Absent Connected to Absent Connected to
paracone metacone
Yes No Yes No Yes No
TCH-3 2 4 0 0 3 3 4 2
TCH-1B 3 1 0 0 3 1 3 1
PUR-13 0 0 0 0 0 1 1 0

morphology (sinuous crests in the upper cheek teeth, especially in M3; connection be-
tween metalophid and metaconid in m1-2; well-developed centrolophs in the upper
teeth) of our specimens are similar to those of E. intermedius. The specimens from PUR-
13 are small-sized E. intermedius.

Castillo (1990) argued that the presence of the centrolophid in E. intermedius decreas-
es through time, while the frequency of the connection between metalophid and meta-
conid increases. The same author pointed out that in the upper teeth the number of
centrolophs increases; M1-2 with two centrolophs are more frequent in younger popula-
tions. Our populations corroborate these trends and we also observe a decrease in the
frequency of accessory crests (tropids) in m1-2. In Casablanca-B (latest Pliocene), there is
a decrease in the presence of accessory crests in m1-2 in comparison with our specimens
and two centrolophs are present in all M1-2. Therefore, these younger populations of E.
intermedius are closer to the extant E. quercinus than the older populations.

Table 17. Measurements of the teeth of Eliomys aff. intermedius from the studied localities.

Length Width

Element  Localities Nt N Min. Mean Max. N Min. Mean Max.
p4 PUR-4 1 1 1.29 1 1.18
m1-2 PUR-4 12 12 1.19 1.27 1.37 12 1.26 1.42 1.57
m3 CLC-3B 1 1 1.23 1 1.36

PUR-4 3 3 1.10 1.19 1.23 3 1.29 1.33 1.39
D4 PUR-4 1 1 0.71 1 0.84
P4 PUR-4 1 1 0.98 1 1.37
M1-2 CLC-3B 2 2 1.24 1.25 1.26 2 1.42 1.53 1.64

PUR-4 2 2 1.17 1.120 1.22 1 1.51
M3 CLC-3B 1 1 1.20 1 1.45

PUR-4 3 2 1.11 1.11 1.11 2 1.37 1.38 1.38
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Eliomys aff. intermedius Friant, 1953
Occurrence in the studied localities — PUR-4 and CLC-3B.
Material and measurements — See Table 17.

Description of the material from PUR-4 — p4 — Subtriangular outline, with a curved
posterior border. The anterolophid is in contact with the protoconid, thus defining a
rounded complex with a posterolabially open central depression. This complex is sep-
arated from the mesolophid. The centrolophid is discontinuous. There are no accessory
crests. Roots are not preserved.

m1-2 — The anterolophid is united to the protoconid in five out of eleven specimens.
The centrolophid is in contact with the midpoint of the metalophid. The metaconid and
the entoconid are separated by a valley. In three cases the metalophid is connected to
the metaconid. The posterotropid is discontinuous in one specimen. Three roots; two
small anterior roots that may be fused at the base, and one broad and robust posterior
root.

m3 — The anterolophid is separated from protoconid. There are no accessory crests.
There is a centrolophid in two specimens. Two or three roots, depending on whether
the anterior root is split or not.

D4 — Subtriangular outline. There is a small anteroloph, an oblique protoloph, a
precentroloph and a metaloph that departs from the metacone although it does not
reach the protocone. Three roots (one lingual and two labial).

P4 — Subtriangular outline. Small anteroloph united to the paracone. There is a pre-
centroloph. The posteroloph is discontinuous. Roots are not preserved.

M1-2 — The precentroloph extends to the midpoint of the molar and one specimen
has a short postcentroloph. One specimen has a short posterotrope. Three roots (one
lingual and two labial)

M3 — Trapezoidal outline. One specimen has a sinuous protoloph. The postcentrol-
oph is long in one specimen; the precentroloph is absent. Three roots (one lingual and
two labial).

Discussion — The size range in PUR-4 and CLC-3B is intermediate between Eliomys
truci and E. intermedius, and it may overlap the maximum values of E. truci and the
minima of E. intermedius. The morphology of these teeth agrees with E. intermedius,
because they have a rounded outline, high crests and more developed postcentro-
lophs as compared to E. truci. Most of the m1-2 have a posterotropid; we have already
discussed that the presence of the posterotropid in the cheek teeth of E. intermedius
decreases through time. The postcentrolophs are very well developed in some of the
M3, which is characteristic of E. intermedius; even the specimen from CLC-3B has two
very well-developed centrolophs. Three m1-2 have a metalophid-metaconid connec-
tion, which is frequent in E. intermedius (Castillo, 1990; Minwer-Barakat, 2005). Be-
cause of the size, which is intermediate between E. truci and E. intermedius, and the
morphological resemblance to E. intermedius, we ascribe this material to Eliomys aff.
intermedius.
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Eliomys sp.
Occurrence in the studied localities — PUR-3 and PUR-7.

Description and discussion — In PUR-3 we found only one worn and digested m3,
which presents a very much curved metalophid as well as a centrolophid. There is a
broken M1-2 in PUR-7, with the anteroloph separated from the protoloph, a very well
developed precentroloph that is in contact with the short postcentroloph and three roots
(one lingual and two labial). The material does not allow a specific determination.

Remarks on the genus Eliomys — In the studied localities, three groups of Eliomys have
been found, E. truci, E. intermedius and E. aff. intermedius. According to Daams & de
Bruijn (1995, p. 16), “the oldest record of Eliomys is E. truci from the Middle Miocene
(MN4) of Spain (Daams & Freudenthal, 1988).” However, Daams & Freudenthal (1988)
give Solera (MN7-8) as the oldest record. The specimen from Solera, described by Daams
(1989) as E. cf. truci, may be an Eliomys, but it is not fully convincing. The first doubtless
record of E. truci may be from MN9 (Pedregueras 2A, Daams & Freudenthal, 1988). The
youngest record of E. fruci is in TCH-13 (Early Villafranchian). The temporal range of
E. intermedius is from the Early Ruscinian (PUR-13 or La Gloria-4; Adrover et al., 1993)
to the Early Pleistocene (Venta Micena 1, Agusti et al., 1987; Sierra de Quibas, Montoya
et al., 2001). Its geographical range is broad, including Europe and western Asia.

There are some localities where E. truci and E. intermedius co-occur, including Orrios-
3, Sete (Adrover, 1986), La Gloria-4, Villalba Alta-1, Escorihuela (Mein et al., 1990),
Moreda-1A, -1B, Rambla Seca-1 (Castillo, 1990) and TCH-1B, amongst others. The most
abundant Eliomys species in Late Ruscinian and Early Villafranchian localities is E. in-
termedius. However, E. truci is the only species found in the locality TCH-13 (the young-
est locality, Early Villafranchian). This may be due to a climate change in the Villa-
franchian (Minwer-Barakat, 2005) which favoured the habitats of E. truci.

The relationship of E. assimilis Mayr, 1979, and E. reductus Mayr, 1979, from the
Early Vallesian of Germany to E. fruci and E. intermedius is unknown (Daams & de
Bruijn, 1995). However, Nadachoswki & Aoud (1995) related these species to E. querci-
nus. Daams & de Bruijn (1995) considered the insular Plio-Pleistocene subgenera of
Eliomys, such as Hypnomys, Eivissia (Balearic Islands), Tyrrhenoglis (Sardinia) and Mal-
tamys (Malta), as independent genera, because of their more complex dental pattern
than in Eliomys.

Adrover (1986) proposed a model of cladogenetic evolution for Eliomys with an ini-
tial division into three groups (Fig. 7). The coexistence of two different species of Elio-
mys in some localities is evidence of the initial cladogenetic evolution of these species
(Adrover, 1986). According to Chaline (1972) and Castillo (1990), there is an anagenetic
evolution during the latest Pliocene and the Pleistocene in the E. intermedius - E. querci-
nus lineage, because of the increasing dominance of morphotype quercinus over mor-
photype intermedius, together with a decrease in size.

Our data of E. intermedius from TCH-1B and TCH-3 corroborate the ancestor-de-
scendant relationship between E. intermedius and the recent species, E. quercinus. Fur-
thermore, E. intermedius is the single representative of the genus in the latest Pliocene
and Early Pleistocene, until the apparition of E. quercinus.
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Fig. 7. Hypothesis of the phylogeny of the genus Eliomys after Adrover (1986), revised with data from
Mein et al. (1990) and Mein (1990). The localities in the Granada and Guadix basins are represented on the
right. Abbreviations: VP, Viveros de Pino; SET, Sete; HAU, Hautimagne; SAR, Sarrién; ORR, Orrios; VAL,
Villaba Alta; LM, Los Mansuelos; ALJ, Aljezar (data from Adrover, 1986); LC, Lomas de Casares (Mein et
al., 1990); LG, La Gloria (Mein et al., 1990; Adrover et al., 1993); BLS, Barranco de Blas (Garcia-Alix, 2006).

On the basis of the presence of two recent subspecies of Eliomys in the Iberian
Peninsula (E. quercinus quercinus and E. quercinus lusitanicus), Martin Sudrez (1988),
suggested that Eliomys quercinus and E. intermedius would have been two subspecies.
The two recent subspecies present different dental patterns, different body-size
(Moreno Garrido, 1984) and different geographical distributions with some geographic
overlap, where intermediate forms exist (ecotypes according to Moreno Garrido, 1984),
but they have no significant chromosome differences (Diaz de la Guardia & Ruiz
Girela, 1979).
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Fig. 8. Distribution range of the
studied Cricetidae and Gliridae
from the Granada and Guadix
basins. The localities are chron-
ologically arranged. Localities
from the same stratigraphic
level (lateral equivalents) PUR-
25 (25+25A), DHS-4 (A+B), and
CLC-3(3+3B) have been lumped
together.

The studied taxa have been recorded in a broad time range. Hispanomys is only
known in the oldest sedimentary rocks from Granada Basin (Middle Turolian). Apocri-
cetus barrierei is a fundamental guide taxon for the Lower Ruscinian. Its presence in the
localities PUR-4, PUR-7 and YEG suggest an Early Ruscinian age (Fig. 8).

Ruscinomys aff. schaubi is known from the Late Turolian, and R. lasallei from the
latest Turolain and the Early Ruscinian from the Granada Basin (Fig. 8). Our new data
allow us to corroborate the phylogenetic line Ruscinomys schaubi — R. lasallei — R. euro-

paeus.

Blancomys aff. sanzi from BRA-5B may represent an unknown phylogenetic lineage
related to the large-sized Blancomys. The record of Blancomys sanzi from PUR-4 confirms
the presence of this species in the earliest Ruscinian and in the south of Spain; B. meini
is only known in one studied Late Ruscinian locality from the Guadix Basin (Fig. 8).
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The last occurrence of Eliomys truci is recorded in TCH-13 (Early Villafranchian).
Eliomys intermedius from PUR-13 (Granada Basin) and Gloria-4 (Teruel) represent the
oldest record of this species (Fig. 8). We agree with the initial cladogenetic evolution of
the species of the genus Eliomys, and our data of E. intermedius from the Ruscinian and
Villafranchian corroborate the posterior anagenetic evolution from E. intermedius to-
wards E. quercinus.
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Plate 1

Figs. 1-5. Apocricetus alberti Freudenthal, Mein & Martin Suérez, 1998.
Fig. 1. PUR-25A 81 right m1.

Fig. 2. PUR-25A 84 right m2.

Fig. 3. PUR-25A 87 right m3.

Fig. 4. PUR-25A 88 right M3.

Fig. 5. PUR-24A 98 left M3.

Figs. 6-11. Apocricetus barrierei (Mein & Michaux, 1970).
Fig. 6. PUR-4 1 left m1.

Fig. 7. PUR-4 5 right m2.

Fig. 8. PUR-4 10 right m3.

Fig. 9. PUR-4 4 right M1.

Fig. 10. PUR-4 17 left M2.

Fig. 11. PUR-4 19 right M3.

Scale bar represents 1 mm.
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Plate 2

Figs. 1-3. Hispanomys aff. adroveri Agusti, 1986.

Fig.
Fig.
Fig.

1. JUN-2C 16 right m2.
2. JUN-2C 18 right m3.
3. JUN-2C 21 right M2-3.

Figs. 4-10. Ruscinomys aff. schaubi Villalta & Crusafont Pair6, 1956.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

4. DHS-4B 31 left m1.

5. DHS-16 189 right m1.
6. DHS-16 191 right m2.
7. PUR-25 66 right m3.

8. DHS-16 197 right M1.
9. DHS-4B 33 left M2.

10. PUR-25A 102 left M3.

Figs. 11-18. Ruscinomys lasallei Adrover, 1969.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

11. PUR-4 824 right m3.
12. PUR-4 810 right m2.
13. PUR-4 794 right m1.
14. PUR-4 865 right M3.
15. PUR-4 851 right M2.
16. PUR-4 832 right M1.
17. PUR-13 190 left M1.

18. PUR-13 192 left m3.

Scale bar represents 1 mm.
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Plate 3

Figs. 1-3. Blancomys aff. sanzi Adrover, Mein & Moissenet, 1993.
Fig. 1. BRA-5B 1 left m1 occlusal view.

Fig. 2. BRA-5B 1 left m1 labial view.

Fig. 3. BRA-5B 1 left m1 lingual view.

Figs. 4-11. Blancomys sanzi Adrover, Mein & Moissenet, 1993.
Fig. 4. PUR-4 781 left M1 occlusal view.

Fig. 5. PUR-4 781 left M1 labial view.

Fig. 6. PUR-4 781 left M1 lingual view.

Fig. 7. PUR-4 779 left m3.

Fig. 8. PUR-4 782 left M2 occlusal view

Fig. 9. PUR-4 782 left M2 labial view.

Fig. 10. PUR-4 782 left M2 lingual view.

Fig. 11. PUR-4 784 right M3.

Figs. 12-14. Blanconys meini Adrover, 1986.
Fig. 12. TCH-1B 620 left m1.

Fig. 13 TCH-1B 623 right M2.

Fig. 14 TCH-1B 624 left M3.

Scale bar represents 1 mm.
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Plate 4

Figs. 1-8. Eliomys truci Mein & Michaux, 1970.
Fig. 1. PUR-23 174 right p4.

Fig. 2. PUR-23 148 right m1-2.

Fig. 3. OTU-1 96 left m1-2.

Fig. 4. OTU-1 97 right m3.

Fig. 5. OTU-4 20 right P4.

Fig. 6. DHS-16 185 right M1-2.

Fig. 7. DHS-1 35 left M1-2.

Fig. 8. TCH-1B 563 right M3.

Figs. 9-19. Eliomys intermedius Friant, 1953.
Fig. 9. TCH-1B 590 right m3.
Fig. 10. TCH-1B 582 right m1-2.
Fig. 11. TCH-1B 577 right m1-2.
Fig. 12. TCH-1B 565 right d4.
Fig. 13. TCH-1B 571 right p4.
Fig. 14. PUR-13 200 left m3.

Fig. 15. TCH-1B 591 left D4.
Fig. 16. TCH-1B 593 15 right P4.
Fig. 17. TCH-1B 595 left M1-2.
Fig. 18. PUR-13 201 left M1-2.
Fig. 19. TCH-1B 609 right M3.

Scale bar represents 1 mm.



Garcia-Alix ef al. Cricetidae and Gliridae from southern Spain. Scripta Geol., 136 (2008) 37








<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 550
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (GWG_GenericCMYK)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Ghent PDF Workgroup - 2005 Specifications version3 \(x1a: 2001 compliant\))
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14173.229 14173.229]
>> setpagedevice


