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Abstract

In the present study we analyze the microwear of the species included in the lineage Armantomys aragonensis-A. tricristatus of two
samples from two middle Miocene localities from the Madrid Basin (El Cafiaveral and Casa Montero). The methodological part of the study
compares light stereomicroscope photographs from resin casts and Environmental Scanning Electron Microscope (ESEM) photographs
from original material. Furthermore two regions of the tooth crown (the most lingual part of the anteroloph, and the most lingual part of the
protoloph) and two homologous regions of first and second upper molars have been analyzed. The paleoecological part includes the results
of the microwear analyses of the two species included in the lineage A. aragonensis-A. tricristatus. The replacement of A. aragonensis with
A. tricristatus in the Madrid Basin occurred during the Middle Miocene Climate Transition (MMCT) and is marked by a change in dental
morphology. Therefore, in order to infer changes in diet associated to a shift in the environment, we checked for correlations on microwear
features between the two different morphologies of the species.

The two methodologies tested, ESEM on original teeth and light stereomicroscopy on resin casts, showed similar results on microwear
analysis in the glirid Armantomys. Besides, both regions of the tooth crown and dental elements showed the same microwear patterns. The
substitution of the species included in the lineage Armantomys aragonensis-A. tricristatus might not imply a change in diet.

Keywords: glirids, small-mammals, local biozone E, Aragonian, middle Miocene

Resumen

En el presente trabajo analizamos los patrones de microdesgaste de las especies incluidas en el linaje Armantomys aragonensis-A. tri-
cristatus de dos muestras procedentes de dos yacimientos del Mioceno medio de la Cuenca de Madrid (El Canaveral y Casa Montero).
En la parte metodologica de este estudio se comparan fotografias de lupa binocular obtenidas a partir de moldes de resina y fotografias de
microscopio electronico de barrido ambiental (ESEM) a partir de material original. Ademas, se han analizado dos regiones de la corona
dental (la zona mas lingual del anterolofo y la zona mas lingual del protolofo) y dos regiones homologas del primer y segundo molar
superiores. La parte paleoecoldgica del estudio incluye los resultados de los analisis de microdesgaste de las dos especies incluidas en el
linaje A. aragonensis-A. tricristatus. El reemplazamiento de 4. aragonensis por A. tricristatus en la Cuenca de Madrid tiene lugar durante
la Transicion Climatica del Mioceno Medio (MMCT) y estd marcado por un cambio en la morfologia dental. Asi, para inferir variaciones
en la dieta asociados a un cambio en el ambiente, hemos estudiado la correlacion de los patrones de microdesgaste entre las dos diferentes
morfologias que presenta cada especie.

Las dos metodologias comparadas, ESEM en dientes originales y lupa binocular en moldes de resina, muestran resultados similares en
los analisis del microdesgaste en el glirido Armantomys. Ademas, dos regiones de la corona dental y los dos elementos dentales muestran
los mismos patrones de microdesgaste. La sustitucion de las especies incluidas en el linaje Armantomys aragonensis-A. tricristatus podria
no ir asociado a un cambio en la dieta.

Palabras clave: gliridos, micromamiferos, biozona local E, Aragoniense, Mioceno medio
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1. Introduction

Dental microwear analysis has become an important source
to infer paleodiets of many extinct organisms. Besides, the use
of diets inferred from microwear as environmental proxy has
allowed reconstructing environmental conditions of particu-
lar areas (Lewis et al., 2000; Hopley et al., 2006; Merceron et
al., 2007a; Ungar et al., 2007; DeMiguel et al., 2011).

Dental microwear analysis was originally developed and
mainly applied to macro-mammals (e.g., Walker ez al., 1978;
Solounias et al., 1988; Solounias and Semprebon, 2002;
Merceron et al., 2004; 2005; 2007b; Semprebon et al., 2004;
Goillot et al., 2009; Peigné et al., 2009; DeMiguel et al.,
2011), and more specifically to large mammalian herbivores.
The methodologies were adapted to the teeth of modern and
fossil rodents, resulting in several works which consider den-
tal microwear as a good indicator of paleodiets in different
rodent groups (e. g., Rensberger, 1978; Lewis et al., 2000;
Nelson et al., 2005; Hopley et al., 2006; Townsend and Croft,
2008; Gomes Rodrigues et al., 2009; Firmat et al., 2010).

Despite the increase of such studies on rodents, there is
only one dental microwear analysis applied to the family
Gliridae (Hautier et al., 2009), a very important group in the
European Miocene rodent faunas. The diversification of Glir-
idae and the occurrence of new dental morphologies began in
the early Eocene and culminated in the late early Miocene.
By then, they became one of the most abundant groups of ro-
dents, probably due to an increase in niches occupied by this
family (Daams and De Bruijn, 1995). The evolution of glirids
towards a simpler dental pattern arose mainly in the Iberian
Peninsula during the early Miocene, being especially abun-
dant and/or diverse in the Spanish lower and middle Miocene
small-mammal assemblages (Garcia-Paredes et al., 2009).

This is the case of the genus Armantomys De Bruijn 1966,
a relatively large Gliridae endemic to the Iberian Peninsula
ranging from the late Oligocene to the late middle Miocene.
It is characterized by a simple asymmetrical dental pattern
composed by four strongly built ridges and relatively high
crowned teeth, which is a unique character among the fam-
ily. Daams (1990) recognized two lineages in this genus (see
Garcia-Paredes and van den Hoek Ostende, 2007, for com-
ments about correct publication date of species described in
that paper): the Armantomys bijmai-A. daamsi-A. parsani-A.
Jjasperi lineage, which includes the smallest species, and the
Armantomys aragonensis-A. tricristatus lineage character-
ized by large teeth, massive ridges, and the highest degree of
hypsodonty among the Gliridae. There are some differences
between the two successive species, Armantomys tricristatus
differs from A. aragonensis by its: larger size, more inclined
ridges, lack of the anteroloph in P4, metaloph-posteroloph
connection in upper molars, and completely developed and
isolated mesolophid and posterolophid in m3 (Daams, 1990;
Garcia-Paredes, 20060). Nevertheless, the particular dental
morphology of both species has been interpreted as a highly

specialized dentition adapted to feed on very tough and hard
vegetation, which is related to an open and dry landscape
(Daams and Van der Meulen, 1984).

The present study is focused on two samples of the succes-
sive species A. aragonensis-A. tricristatus from two middle
Miocene localities sited in the Madrid Basin (Fig.1). The first
species, A. aragonensis, is present in the older locality (El
Canaveral, Hernandez-Ballarin et al., 2010) and 4. tricrista-
tus in the younger one (Casa Montero, Lopez-Guerrero et al.,
2007). Both localities belong to the local biozone E (middle
Aragonian, middle Miocene; Van der Meulen et al., 2011,
2012), where previous studies pointed out differences in
the small-mammal assemblages between the two fossil sites
(Hernandez-Ballarin et al., 2010; 2011), and might associate
these changes with a context of changing environment.

We have applied a semiautomated image microwear analyses
procedure to Armantomys from the Madrid Basin, in order to:
1) study the individual and assemblage variation on microwear
features of this extinct genus and 2) infer the feeding habits, and
assess its temporal variability along the Armantomys lineage.
The present study consequently comprises two parts. The first
one, mainly methodological, compares the two most used
methodologies in microwear analysis (light stereomicroscope
photographs from resin casts and Scanning Electron
Microscope photographs from original material which, in
our case, has been made in environmental mode without
coating) and makes an attempt to check differences between
different occlusal surfaces and dental elements. The second
part includes the results of the microwear analyses of the two
species included in the lineage A. aragonensis - A. tricristatus.
The replacement of A. aragonensis by A.tricristatus in the
Madrid Basin occurred during the Middle Miocene Climate
Transition (MMCT) (Shackleton and Kennet, 1975; Zachos et
al., 2001; Shevenell et al., 2004) and is marked by a change
in dental morphology. Therefore, in order to infer changes in
diet associated to a shift in the environment, we checked for
correlations on microwear features between the two different
morphologies of the species.

2. Materials and methods

The samples used to perform the study comprise cheek
teeth of the genus Armantomys from two middle Aragonian
(middle Miocene) localities (El Cafaveral and Casa Montero)
sited in the Madrid Basin. Isolated molars and upper maxillas
from the former and latter sites, respectively, were selected
based on the good preservation of the occlusal surface. Speci-
mens with advanced wear and unworn molars were rejected.

Microwear was measured on two areas of the occlusal sur-
face of first and second upper molars: the most lingual part
of the anteroloph, and the most lingual part of the protoloph
(Fig. 2). These areas were selected because they provided a
relatively large, prominent and flat surface to study micro-
wear features.
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Fig. 1.- Map of the Iberian Peninsula showing the two middle Miocene localities from the Madrid Basin (El Cafiaveral and Casa Montero). In grey
Central Spanish Cenozoic basins where the Madrid Basin is included. CNV: El Cafiaveral; CMO: Casa Montero.

A square area of 0.01 mm? was examined using Object]
(software Fiji-Imagel] 1.461). Six microwear features were
quantified: number of wide scratches (Nws), number of fine
scratches (Nfs), number of large pits (Nlp), number of small
pits (Nsp), and length and orientation of the scratches. Pits
were differentiated from scratches on the basis of a width/
length ratio higher than 1/4 (Grine, 1986). Distinction be-
tween wide and fine features was settled at a maximum width
of 5 um (Gomes Rodrigues et al., 2009). Features whose
margins have been truncated by the edge of the square were
also measured, avoiding possible biases when length and
orientation of the scratches is taken into account. To avoid
inter-observer errors only one observer has examined the
photographs.

For the first part of the study, 13 photographs from Casa
Montero (representing two different areas and two dental ele-
ments of four maxillas) and six photographs from El Cafiav-
eral (representing three isolated teeth) were selected (see
table 1 for details). “Ebalta” polyurethane resin casts were
made following the protocol developed by Merceron et al.
(2004; 2005) and adapted for small-mammals by Gomes Ro-
drigues et al. (2009). Low magnification light microscope
photographs were taken with a Spot CCD camera (DFC 420,
at a resolution of 2592x1944 pixels) connected to a light ster-
eomicroscope (Leica M 165C), set at 100x. Besides, photo-
graphs of the original teeth were taken in the same areas with
an Environmental Scanning Electron Microscope (ESEM)
Fei, model Quanta 200, with backscattered electron detec-
tor. In order to have ESEM photographs of similar pixel size
than those of the light stereomicroscope, an image resolution
of 2048x1886 pixels and a 200x magnification were selected
(Fig. 3a, b).

Firstly, a comparison between photographs obtained from
resin casts and from original teeth was done, in order to test
whether both methodologies show comparable results. Nws,
Nfs, Nlp and Nsp were analyzed. The ESEM photographs
were selected for the following analysis. Two regions of the
tooth crown (the most lingual part of the anteroloph, and the
most lingual part of the protoloph) in first and second upper
molars (Fig. 2) were compared to test whether there are sig-
nificant differences in the microwear pattern between the two
areas of the same molar. Furthermore, a comparison between
homologous regions of both molars was carried out.

For the paleoecological part of the study, high magnifica-
tion photographs (image resolution of 2048x1886 pixels and
a 700x magnification) of the original teeth from the two lo-
calities were taken with an ESEM Fei, model Quanta 200,
with backscattered electron detector (Fig. 3c, d). Ten photo-
graphs of each species (4. aragonensis and A. tricristatus),
representing anterolophs and protolophs of first and second
upper molars, from seven different specimens of each fossil
site were selected. The variables Nws, Nfs, Nlp, Nsp, length
and orientation of the scratches were analyzed. These com-
parisons have allowed to test if there are differences in the
microwear patterns between both assemblages.

Univariate and multivariate statistical analyses were car-
ried out with SPSS v. 11.5.1 (SPSS, 2002) and Past v. 2.14
(Hammer et al., 2001). Paired statistical analysis (Paired
T-student and Wilcoxon tests) and Two-group permutation
were applied for the comparison between ESEM and cast;
anteroloph and protoloph; homologous areas of M1 and M2;
and comparison of the length of the scratches between low
and high magnification. For the paleoecological analyses,
univariate statistical analyses (T-student and Mann-Whitney)
and MANOVA were performed.
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Fig. 2.- Localization of the anteroloph (left grey square) and the pro-
toloph (right grey square) on the first and second upper molars of
Armantomys. The graphic scale is 100 pm.

3. Results and discussion

The descriptive statistics are shown in table 1 and table 2,
and the statistical analyses in table 3.

3.1. ESEM-Original teeth versus Light Stereomicroscopy-
Resin casts

Studies of microwear, both in large as in small mammals,
are mainly based in resin casts made from original teeth
(Strait, 1993; Merceron et al., 2004; 2005; Scott et al., 2005;
2006; Gomes Rodrigues et al., 2009); whereas works direct-
ly based on original enamel are scarce (Walker et al., 1978;
Rensberger, 1978; Lewis et al., 2000; Rivals and Deniaux,
2003; 2005). This difference is due to: first, specimen size
limitations of ESEM, usually less than 50 mm; second, avail-
ability of ESEM installations; and third, the requirement of
coating each specimen in “classical SEM” studies, which is
expensive. Therefore it became necessary to cast the original
teeth in order to analyse them with light microscope. One
of the aims of the present study is to test for differences in
the results on microwear obtained with casts (analyzed un-
der light stereomicroscopy) and original teeth (analyzed with
ESEM) at similar image resolution (at similar pixel size).

For this purpose, univariate analyses were carried out to
analyze the variables (Nws, Nfs, Nlp, Nsp) independently.
Shapiro-Wilk tests were applied to assess whether the vari-
ables are normally distributed. The variables Nws, Nlp and
Nsp do not fit to a normal distribution. Paired T-Student
analyses (for normal distribution variables) and Wilcoxon
test (non-normal distribution variables) were fulfilled to test
significant differences between both methodologies. None
of them showed significant values (table 3), except Nsp (p=
0.0002).

Multivariate analyses were applied to test for significant
differences between ESEM and light stereomicroscope con-
sidering the variables all together (Nfs, Nws, Nlp and Nsp).
Two-group permutation tests were carried out, after check-
ing that the assumption of multivariate normal distribution
is not satisfied. In this case, statistical analyses show signifi-
cant differences (p= 0.0005) between both methods (Table
3). Several authors concluded that small pits (Nsp) were dif-
ficult to photograph under light stereromicroscope because
of its high refractivity or the low resolution of the images
(Nelson et al., 2005; Mihlbachler et al., 2012); other authors
indicate that no direct relation between small pits and diet
existed in rodents (Townsend and Croft, 2008; Gomes Rod-
rigues et al., 2009; Firmat et al., 2010). Furthermore, small
pits in ESEM photographs might be underestimated because
of their low contrast (see Fig. 3). The significant differences
obtained on the multivariate test could be due to methodo-
logical limitations of both techniques. Therefore, following
previous authors that removed this variable from their analy-
sis, we have repeated the multivariate analysis excluding Nsp
and the results indicate non-significant values (p=0.60) for
the remaining variables (Nfs, Nws, and Nlp) (Table 3). The
obtained results pointed out that there are no differences be-
tween these two methodologies of microwear analysis. Nev-
ertheless, when comparing results with ESEM techniques,
we detected between 48% and 80% more fine features (Nfs
and Nsp) on ESEM photographs taken at high magnification
than on those taken at low magnification (Table 1 and Table
2). In addition, the analyses showed significant differences
in the fine scratches length between the two magnifications,
being shorter at high magnification (see Tables 1 and 2). This
could be explained because at low magnification the small-
est scratches are not recognized, and therefore the average is
biased towards larger sizes.

3.2. Anteroloph versus protoloph and M1 versus M2
(homologous regions)

The second methodological goal of this study was to test
for significant differences on microwear between two regions
in the same dental element and between two homologous ar-
eas of M1 and M2 of the glirid Armantomys.

As explained above, univariate methods were performed
to analyze the variables (Nws, Nfs, Nlp, Nsp) independent-
ly. Shapiro-Wilk tests were applied to evaluate whether the
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Length of the scratches
SP ELEM  SIDE A-P Nfs Nws Nip Nsp

Min.  Mean Max. S.D.
LMM LS CMO-3982 M1 L A 39 2 12 34 579 1619 5623 10.98
LMM LS CMO-3982 M2 L A 44 0 22 535 1852 6576 13.81
LMM LS CMO-3982 M2 L P 36 1 13 47 779 2030 8264 16.21
LMM LS CMO-5585 M1 L A 21 1 38 795 2357 7657  17.36
LMM LS CMO-5585 4 M1 L P 33 0 8 29 535 1360 47.86 9.56
LMM LS CMO-5585 8 M2 L A 21 3 12 38 6.11 1920 5746 13.29
LMM LS CMO-5585 g M2 L P 37 0 10 31 621 1718  46.56 8.66
LMM LS CMO-7000 kS M1 L A 17 0 2 7 702 1661 6452 1410
LMM LS CMO-7000 < M1 R A 22 0 6 64 9.09 2161 4294 10.67
LMM LS CMO-7000 M2 R A 26 1 7 29 813 2048 6651 14.87
LMM LS CMO-7000 M2 L A 44 0 14 65 358 1370 5723 10.69
LMM LS CMO-7000 M2 R P 23 1 3 57 786 2196 5825 14.69
LMM LS CMO-7000 M2 L P 33 0 9 51 7.03 16.02 101.14 17.25
LMM LS CNV-1759 @ M1 L A 35 0 6 53 17.35 4852 21245 37.29
LMM LS CNV-1759 2 M1 L P 29 1 9 89 590 1834 5643 1252
LMM LS CNV-1803 g M1 R A 27 0 6 46 955 1503 26.79 4.40
LMM LS CNV-1803 % M1 R P 26 0 6 39 732 2365 7067 1834
LMM LS CNV-1823 © M2 R A 16 0 6 78 966 1679  38.96 8.00
LMM LS CNV-1823 < M2 R P 27 0 6 36 1223 2883 11047 23.88
LMM ESEM  CMO-3982 M1 L A 30 0 10 33 6.53 2229 6254 1448
LMM ESEM  CMO-3982 M1 L P 37 0 12 33 639 1498  35.31 7.89
LMM | ESEM  CMO-3982 M2 L A 34 0 7 33 473 1373 4376 862
LMM ESEM  CMO-3982 M2 L P 20 1 8 29 480 2156 65.63 15.62
LMM | ESEM  CMO-5585 ® M1 L A 17 0 4 1 941 3570 5814 16.29
LMM ESEM  CMO-5585 % M1 L P 34 0 10 10 650 2129 7421 14.89
LMM | ESEM  CMO-5585 ki M2 L A 23 2 6 7 9.79 2618 7541 18.10
LMM ESEM  CMO-5585 g M2 L P 34 0 4 19 421 2936 7844 19.89
LMM [ ESEM  CMO-7000 = M1 R A 18 2 5 23 6.38 1887 3584 952
LMM ESEM  CMO-7000 < M1 L A 40 1 7 8 525 2131 5140 1287
LMM ESEM  CMO-7000 M1 R P 17 1 9 16 1007 29.02 7312 1553
LMM ESEM  CMO-7000 M2 R A 26 1 7 24 6.12 2299 80.94 17.38
LMM ESEM  CMO-7000 M2 L A 35 1 5 32 6.78 1976 7519 1540
LMM ESEM  CMO-7000 M2 R P 24 0 9 30 6.57 2266 4533 10.90
LMM ESEM  CNV-1759 @ M1 L A 21 0 9 7 551 2917 9657 20.70
LMM ESEM  CNV-1759 2 M1 L P 21 0 5 16 1226 2337 7575 14.01
LMM ESEM  CNV-1803 g M1 R A 29 3 10 15 889 2383 6252 1258
LMM ESEM  CNV-1803 g M1 R P 24 0 7 6 889 3146 78.83 19.98
LMM ESEM  CNVv-1823 & M2 R A 18 0 10 29 631 1580 28.90 6.06
LMM ESEM  CNVv-1823 < M2 R P 28 0 10 33 791 2345 1024  23.05

Table 1.-Dental microwear variables of the glirids Armantomys aragonensis from El Cafiaveral and 4. tricristatus from Casa Mon-
tero, at low magnification. LS: Light Stereomicroscope; ESEM: Environmental Scanning Electron Microscope; CNV: El Cafiaveral;
CMO: Casa Montero; SP: Species; ELEM: Element; R: Right; L: Left; A: Anteroloph; P: Protoloph; Nfs: Number of fine scratches;
Nws: Number of wide scratches; Nlp: Number of large pits; Nsp: Number of small pits; Min: Minimum length of the scratches;
Mean: Mean length of the scratches; Max: Maximum length of the scratches; S.D.: Standard Deviation of the length of the scratches.

variables are normally distributed. Only Nws does not fit a
normal distribution. Paired T-Student analyses (for variables
with normal distribution) and Wilcoxon tests (for Nws) were
performed to assess significant differences between mi-
crowear features on the lingual border of the anteroloph and
the lingual border of the protoloph; and between the two ho-
mologous regions in the M1 and M2. All analyzed variables
show non-significant differences between neither areas nor
dental elements. For multivariate analyses Two-group per-
mutation tests were applied resulting in non-significant dif-
ferences (Table 3).

Gordon (1982) demonstrated that facet type and molar po-
sition are two of the most remarkable factors affecting vari-
ability in microwear pattern. Thus, he pointed out that mixing

of functionally different facets increases the microwear vari-
ability because of biomechanical gradients along the tooth
row. Contrary to Gordon, we have shown that both areas and
both dental elements registered the same microwear pattern
in Armantomys, suggesting that M1 and M2 entail the same
biomechanical performance during the chewing. Further-
more, the use of either of the two elements or either of the
two regions of the tooth allows us to increase sample size and
to avoid biases caused by element misidentifications.

3.3. Paleoecological analyses

The microwear patterns of Armantomys from the locali-
ties studied here are characterized by high number of small
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Table 2.-Dental microwear variables of

ELEM AP Nfs Nws Nip Nsp Mitengt&:;he Si;:)t(Ches D the glirids Armantomys aragonensis

: : i from El Canaveral and A. tricristatus

CMO0-3982 | M1 A 93 1 3 57 368 1565 60.11  12.97 from Casa Montero, at high magnifi-
CMO-3982 | M1 P 86 0 2 87 | 246 1680 11068 18.80 cation (700x). LS: Light Stereomicro-
CMO-5560 | M1 A | 8 0 4 114 | 175 980 7032 1000 s lgcstlf;\:hfz‘r’gs"c‘:s:“t&icagl
CMO-5584 | M1 P 70 0 9 65 292 1548 6195 1459 Cahaveral: CMO: Casa Mon tero; SP-
CMO-5585 | M2 A 67 0 5 63 290 1242 6786 1213 Species; ELEM: Element; A: Anter-
CMO-5585 | M2 P 52 0 2 38 288 2170 11274 2144 oloph; P: Protoloph; Nfs: Number of
CMO-5627 M1 A 71 0 3 89 207 1355 10923 1544 fine scratches; Nws: Number of wide
CMO-5627 | M1 P 87 0 4 104 206 1245 7273 1149 scratches; Nlp: Number of large pits;
CMO-7000 | M1 A 67 1 1 49 | 264 1658 7162 1571 Nsp: Number of small pits; Min: Min-
cMoToot | M1 P | 57 0 4 104 | 308 1998 13656 2212 imum length of the scratches; Mean:

R L B e e e T Mean length of the scratches; Max:
Maximum length of the scratches;

N=10 SD. | 1332 042 221 2607 S.D.: Standard Deviation of the length
CV. | 1824 50.82  33.85 of the scratches; C.V.: Coefficient of
. Variation.
CNV-1170 M2 A 59 0 3 120 274 1283 6790 13.77
CNV-1170 M2 P 65 0 4 100 274 1078 40.88 8.23
CNV-1171 M2 A 66 0 8 77 2.41 1060 56.38 9.65
CNV-1759 M1 A 95 0 5 92 205 1281 11697 13.60
CNV-1803 M1 P 96 0 4 92 300 1564 7680 14.46
CNV-1821 M2 A 51 0 5 59 479 1470 5258 10.83
CNV-1821 M2 P 69 0 6 79 457 1265 89.61 13.33
CNV-1823 M2 P 55 0 6 76 273 1468 7376 16.36
CNV-1826 M2 A 43 1 5 77 294 1431 5285 12.69
ot | we P | s o 5 o | 27 128 s7er10m

N=10 S.D. 18 0.32 1.37 16.75
CV. 26.39 26.87  19.33
UNIVARIATE MULTIVARIATE
N Feature Z t df p Feature MD p

Nfs 1.67 18 0.1129

ESEM from original material- | o | Nws -0.3178 0.7507 Nfs, Nws, Nip, Nsp | 4.39 | 0.0005
LS from casts Nip -0.0712 0.9432

Nsp -3.6632 0.0002 Nfs, Nws, NIp 0.21 0.6015
Nfs -0.03 9 0.9793
Nws -1.5110 0.1308

LMM Anteroloph-Protoloph 20 Nip 097 9 0.3582 Nfs, Nws, Nip, Nsp | 0.69 0.5825
Nsp -0.65 9 0.5333
Nfs -0.13 6 0.9030
Nws -0.3780 0.7055

M1-M2 14 Nip 136 6 02214 Nfs, Nws, NIp, Nsp | 1.49 0.479
Nsp -1.44 6 0.1988
Nfs 0.68 18 0.5064
. i Nws -0.6104 0.5416

HMM A. aragonensis -A.tricristatus | 20 Nip 170 15 0.1096 Nfs, Nws, NIp, Nsp 0.3953
Nsp -0.98 18 0.3402

Table 3.- Univariate and multivariate statistical analyses at low and at high magnification for the following comparisons: 1. ESEM photographs from
original material and Light Stereomicroscopy photographs from resin casts. 2. Comparison of dental facets of the same tooth (Anteroloph-Protoloph).
3. Comparison of homologous regions of different teeth (M1-M2). 4. Comparisons of species (4. aragonensis-A. tricristatus). LMM: Low Magni-
fication Microwear; HMM: High Magnification Microwear; ESEM: Environmental Scanning Electron Microscope; LS: Light Stereomicroscope; N
: Number of specimens; Nfs: Number of fine scratches; Nws: Number of wide scratches; Nlp: Number of large pits; Nsp: Number of small pits ; Z:
Non-parametric test value; t: T-student value; df: Degree of Freedom; p: Significance Value ; MD: Mahalanobis Distance.
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C

D 0.1 mm

Fig 3.- Photographs of first and second upper molars of the protoloph of Armantomys aragonensis from El Canaveral and 4. tricristatus from Casa
Montero. Comparison of the different methodologies used in the present work. A: CNV-1823, right M2, ESEM photograph, (low magnification).
B: CNV-1823, right M2, light microscope photograph from resin cast (low magnification). C: CNV-1803, right M1, ESEM photograph (high
magnification). D: CMO-5627, right M1, ESEM photograph (high magnification). Scale bar equals 0.1mm in both cases.

pits and fine scratches. According to Gomes Rodrigues et al.
(2009) the high amount of the latter indicates an ingestion of
large volume of grass, where the hard items would be respon-
sible for these features. Furthermore, they added that species
presenting high number of fine scratches occupy open areas
as grasslands, where dust is abundant. Other studies also sug-
gested that exogenous particles as dust, are also responsible
for the large number of parallel striations, being not exclu-
sively attributed to phytholiths alone (Gordon, 1982; Kay and
Covert, 1983; Teaford, 1988; Ungar et al., 1995; Sanson et
al., 2007). The dentition of the lineage Armantomys arago-
nensis-A. tricristatus has been interpreted as an adaptation to
feed on very tough and hard vegetation available in open and
dry landscapes (Daams and Van der Meulen, 1984) compat-
ible with the idea that both dust and phytoliths from grass
would be responsible for fine scratches. Hypsodont teeth in

rodents were firstly interpreted by several authors as associ-
ated to abrasive diets dominated by grass (Kay and Madden,
1997; Vianey-Liaud, 1991; Williams and Kay, 2001). Never-
theless, other authors suggest that a hypsodont dentition does
not necessarily restrict an animal to abrasive food, but pro-
vides wider dietary niches allowing for a more generalized
diet (Jernvall and Fortelius, 2002; Feranec, 2003; Hopley et
al., 2006). This more generalized diet of Armantomys based
on the hypsodonty might be also supported by the fact that
the high proportions of small pits could be correlated to the
ingestion of soft seeds (Gliwicz, 1987; Gomes Rodrigues et
al., 2009). Other authors (Solounias and Semprebon, 2002;
Semprebon and Rivals, 2010) related, in ungulates, the heavy
pitting with dry habitats where dust and grit are normally
coating the vegetation. Nevertheless, this correlation has not
been checked in other small mammal groups like rodents. Be-
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sides, according to the number of large pits, the consumption
of insects cannot be rejected (Strait, 1993; Gomes Rodrigues
et al., 2009). Therefore, our results might indicate a less-
specialized herbivore diet for Armantomys than previously
thought.

A comparative analysis between the two species of dor-
mouse from the Madrid Basin has been carried out in order
to determine whether the microwear pattern of Armantomys
varies through time. To perform this analysis we chose ESEM
photographs at high magnification based on, firstly, the use of
original material avoiding possible biases that might occur
during casting, and secondly, the use of high magnification
leads to better recognition of small microwear structures.

The univariate analyses indicated that Nfs, Nlp and Nsp
are normally distributed variables, whereas Nws does not.
Thus, a T-student test was applied to the first three variables
and a Mann-Whitney test to the latter one. As for multivari-
ate analyses a One-way MANOVA was applied. Neither the
univariate nor the multivariate reveals significant differences
(Table 3). These results indicate that there are non-significant
differences on number of microwear features that could be
correlated to the replacement of the species.

According to several authors microwear features can vary
within a species, within a population or even along the life of
the animal because of geographical and seasonal variations
in diet (Walker et al., 1978). Further studies proved that mi-
crowear features are created and obliterated within 24 hours,
in such wise that pits and scratches analyzed reflect mainly
the most recent food items consumed (Teaford and Oyen,
1989). Based on those studies, the relatively low variation
on microwear patterns observed on the Armantomys species
(showing a high proportion of fine scratches and pits) may
be interpreted as an indication that Armantomys had a diet of
low seasonality.

4. Conclusions

The present study demonstrates that low-magnification
ESEM photographs from original teeth and resin casts ana-
lyzed with light stereomicroscope reveal similar values on
microwear analyses in the glirid Armantomys. Despite both
methodologies show comparable results, we preferred ESEM
high-resolution photographs for paleoecological compari-
sons. Our results indicated that both dental elements (first and
second upper molars), and both regions of the tooth crown
(the most lingual part of the anteroloph, and the most lingual
part of the protoloph) showed the same microwear patterns.
The paleoecological study performed indicates that Arman-
tomys might have a less-specialized herbivore diet than pre-
viously thought (grass, soft seeds, insects...) and probably
without seasonal variation. It also allows us to conclude that
there are non-significant differences in microwear between
the two species of Armantomys included in the study. That
points out that there are no dietary changes associated to the

substitution of the species included in the lineage Armanto-
mys aragonensis-A. tricristatus.
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