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ABSTRACT: Microwear patterns of twenty seven points on the enamel surface of a fossil horse tooth (upper P3-4; Equus altidens gran-
atensis, late Early Pleistocene, Barranco Leon 5, Guadix-Baza basin, Spain) were analysed by a correspondence analysis test with the 
dual aim of testing the suitability of this premolar in analysing microwear of horses, and of analysing how consistent the microwear pat-
terns are across different micro-areas on a single cheek tooth. The results obtained stress that remarkable differences in dental scars 
are restricted to few zones. The microwear patterns of the lingual enamel surface of the paracone, the point classically analysed on up-
per M2 for studying microwear in ruminants, and of the pli caballin are the most consistent with those of the other analysed micro-areas. 
The pattern of dental microwear shown at these points by the upper P3-4 of Equus altidens granatensis from Barranco Leon 5 is closer 
to those shown by seasonal mixed feeders than of those by strict grazers. 
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1. INTRODUCTION  

Analysis of dental wear, particularly the microsco-
pic marks produced during chewing on occlusal enamel 
surfaces, both by tooth/food (abrasion) and tooth/tooth 
(attrition) interaction, is among the most significant tools 
applied by palaeontologists to infer dietary behaviour 
and the environmental context of extinct herbivore 
mammals.  

During the last forty years studies on this subject 
studies have more and more enhanced and new meth-
odological approaches have continuously been develop-
ing (e.g. Gordon, 1984; Teaford, 1986; Young & Marty, 
1986; Hayek et al., 1991; Solounias & Moelleken, 1992; 
Franz-Odendaal & Solounias, 2004; Semprebon et al., 
2004; Merceron & Ungar, 2005; Merceron et al., 2005, 
2006, 2007; Palombo et al., 2005; Charles et al., 2007; 
Schubert et al., 2006; Scott et al., 2006; DeMiguel et al., 
2008; Ungar et al., 2008, in press; Valli & Palombo, 
2008, Merceron et al., 2010; Schulz et al., 2010, and 
references therein). 

Although the use of microwear analysis undoubt-
edly is an useful tool in palaeoecological studies, thus 
far, few or no studies have been performed trying to test 
differences (if any) in microwear patterns shown by wear 
facets formed during the different masticator phases 
(but see for example Gordon, 1982; Schulz et al., 2010). 

Butler (1972) first described the mastication pro-
cess of herbivore mammals, and mapped the position of 
wear facets and the direction of the striae formed during 
the two phases of the power stroke of the masticatory 
cycle: Phase I, when vertical movements prevail up to 

centric occlusion and Phase II, when the initial vertical 
movements become horizontal and finally downward out 
of the occlusal contact. Following Butler’s (1972) idea, 
other authors (see e.g. Hiiemae, 1978; Janis, 1979, 
1990; Rensberger et al., 1984; Joomun et al., 2008) in-
vestigated the progression of the check tooth pattern. 
They recognized that in phase I, shearing is predomi-
nant, while in phase II, grinding prevails. However, in 
hypsodont grazing ungulates, shearing becomes pre-
dominant and phase II tends to be lost (Janis, 1979).  

Pleistocene Equus representatives have generally 
been regarded as typical grazers, because the micro-
wear pattern of the lingual side of the paracone of the 
second upper molar (M2), the canonical point to perform 
analysis (see below), consists of fine, nearly parallel 
scratches, few pits, and no or very few gouges, and the 
number of scratches definitively outnumbers to the 
number of pits. This has been regarded as an important 
factor in distinguishing grazers from browsers (e.g. So-
lounias & Semprebon, 2002). Therefore, Equus cheek 
teeth seem to be particularly appropriate to test the con-
sistency of microwear patterns across the whole occlu-
sal enamel surface, because most of its surface is af-
fected by shearing only (e.g. Janis, 1979), avoiding dis-
turbances related to the presence of enamel scars pro-
duced by differently oriented masticator forces. 

Examination of microwear in equids, as well as in 
ruminants, has generally been carried out on the enamel 
surface of the paracone of M2 by means of a either a 
scanner microscope or stereomicroscope (Solounias & 
Moelleken, 1993; Mainland, 1998; Solounias & Sempre-
bon, 2002; Rivals et al., 2008, Mihlbachler et al., 2011 
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and references in those papers). However, in equids, the 
attrition/abrasion forces differentially affect the enamel 
surface of the cheek teeth because chewing pressures 
may vary along the tooth row. The anterior and posterior 
edges of the tooth row participate less in food processing, 
therefore very anterior and posterior teeth are affected by 
a more pronounced attrition (tooth to tooth contact), with 
higher pressures on molars than on premolars. Taking 
into account the peculiar development of anterior/poste-
rior tilts characterising cheek teeth in horses, analysing 
the occlusal surface of P4 and M1 could be particularly 
appropriate in inferring dietary behaviour because, in the-
se teeth, the main stress is almost perpendicular to the 
tooth mesio-distal axis, thus the enamel prisms are not 
much affected by this tooth tilt. 

This is the reason why we have decided to ana-
lyze the microwear patterns on several points of the 
enamel of an upper premolar in the twofold aim of inves-
tigating on the suitability of the P3-4 in inferring dietary 
behaviour of fossil horse, and testing the consistency of 
the microwear patterns on the whole enamel occlusal 
surface of a grazer. We have chosen to carry out the 
test on an extraordinarily well preserved upper premolar 
(either P3 or 4) of a stenonoid horse, Equus altidens 
granatensis, from Barranco Leon 5 (late Early Pleisto-
cene, Guadix-Baza Basin, Spain, Alberdi, 2010) (Fig. 1). 
This species has been regarded as a grazer (Alberdi, 
2010; Alberdi & Palombo, 2012 and references therein) 
therefore the arrangement of enamel scars on the whole 
enamel of the tooth occlusal surface should be roughly 
constant. Although we are aware that, due the intrinsic 
characteristic of the microwear methods, reliable results 
can be obtained only by analysing a statistically con-
sistent sample, we consider to preliminarily test the 

soundness of the method as a first fundamental step 
before developing and improving the study by means of 
an adequate number of specimens. 

2. MATERIALS AND METHODS  

Analysis was performed on a left upper premolar 
(either P3 or P4 = P3-4; catalogue number: BL02 31 
1692) from the latest Early Pleistocene fossiliferous de-
posit of Barranco Leon 5 (Gaudix-Basin, Spain, Blain et 
al., 2011; Duval et al., 2009; Toro-Moyano et al., 2009). 
The specimen, stored at the Museum of Orce (Granada, 
Spain), has been chosen because of its good preserva-
tion status, allowing the whole surface of the enamel to 
be analysed. Observations were done directly on the 
tooth at 500x magnification, using the QUANTA200 FEI 
SEM at 25 kV (Museo Nacional de Ciencias Naturales, 
Madrid). Quantitative analysis was performed using the 
Microwear 4.02 software program (Ungar, 2001) on a 
surface of 500x450 µm². Scars are categorised as pits if 
their width to length ratio is > 1/4 and scratches if their 
width to length ratio is < 1/4 (Solounias et al., 1988; 
Teaford, 1988; Solounias & Hayek, 1993). Pits are con-
sidered to be “large” or “small” according to their maxi-
mum diameter (whether it exceeds 15 μm or not; Mer-
ceron et al., 2004). Scratches are described as “coarse” 
(=“wide”) or “fine” according to their width (whether it 
exceeds 15 μm or not; Merceron et al., 2004). They are 
also categorised as “long” or “short” depending on their 
length (whether it is equal to or longer than 250 μm, or 
less than this value; the scars which could extend out of 
the field of the picture have not been considered; Valli & 
Palombo, 2008). The number of “gouges” (scars deeper 
and several times larger than large pits with irregular 
outlines; Solounias & Semprebon, 2002), and “cross 
scratches” (defined as the number of crosses among 
the scratches, independent of their orientation) were 
counted. 

Fig. 1 - Position of the fossil deposit of Barranco Leon 5 (BL5; 
Guadix-Baza Basin, Spain; modified from Alberdi, 2010). The 
white area represents the Guadix-Baza Basin. 

 

 
Fig. 2 - Left upper P3-4 (BL02 31 1692) of Equus altidens gran-
atensis from Barranco Leon 5, Spain. The numbers indicate the 
points (loci) where the microwear analyses have been carried 
out. 
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Pits Scratches Gouges

 Large Small Tot length SD width SD % 
Short 
Fine 

Long 
Fine 

Long 
Coarse Tot length SD width SD % Cross   

Point 1 2 7 9 4.14 2.48 1.87 0.93 13.85 49 6 1 56 31.35 27.71 1.07 0.60 86.15 38 1 
Point 2 0 41 41 2.78 1.27 1.33 0.35 26.11 116 3 0 116 16.70 19.32 0.82 0.33 73.89 51 0 
Point 3 0 53 53 2.06 0.80 1.03 0.31 35.33 97 0 0 97 16.65 13.27 0.89 0.41 64.67 46 0 
Point 4 0 34 34 2.37 1.73 1.12 0.60 15.38 181 6 0 187 16.99 18.99 0.81 0.41 84.62 85 0 
Point 5 0 31 31 1.98 1.37 1.06 0.43 24.80 91 3 0 94 19.27 17.67 0.94 0.45 75.20 38 0 
Point 6 0 13 13 1.93 0.78 0.99 0.41 13.00 81 5 1 87 22.18 24.47 0.89 0.56 87.00 28 0 
Point 7 0 22 22 2.82 1.43 1.34 53,0 17.32 97 8 0 105 22.13 23.26 0.99 0.46 82.68 44 0 
Point 8 1 5 6 5.00 2.49 2.41 2.19 7.89 64 6 0 70 28.51 27.40 1.03 0.51 92.11 32 0 
Point 9 3 12 15 3.83 4.34 1.74 1.60 15.00 80 4 1 85 22.35 18.71 0.90 0.71 85.00 26 0 
Point 10 1 23 24 2.06 0.96 1.05 0.43 27.27 57 4 0 64 26.25 22.69 0.85 0.43 72.73 17 0 
Point 11 1 43 44 2.54 2.33 1.29 0.76 30.77 95 3 1 99 16.70 18.58 0.86 0.60 69.23 19 0 
Point 12 1 11 12 1.96 0.94 1.32 1.04 21.43 37 7 0 44 34.28 31.51 0.82 0.33 78.57 29 0 
Point 13 4 13 17 4.45 2.65 2.79 2.21 27.42 42 1 2 45 24.42 24.70 1.15 1.34 72.58 8 2 
Point 14 0 10 10 2.47 1.65 1.11 0.45 17.54 47 0 0 47 17.15 11.14 0.92 0.40 82.46 11 0 
Point 15 2 15 17 3.24 2.42 1.67 1.29 20.99 60 4 0 64 22.81 25.56 0.86 0.33 79.01 24 0 
Point 16 2 17 19 2.91 3.79 1.53 1.59 22.09 65 2 0 67 15.95 22.32 0.74 0.38 77.91 14 0 
Point 17 1 23 24 2.99 1.92 1.50 1.12 21.82 81 5 0 86 20.31 20.92 0.99 0.52 78.18 33 1 
Point 18 0 11 11 2.04 0.74 1.10 0.36 16.18 55 2 0 57 18.98 18.44 0.94 0.52 83.82 15 1 
Point 19 2 27 29 3.81 3.12 1.70 1.14 33.33 50 7 1 58 27.41 29.17 1.14 1.14 66.67 20 0 
Point 20 1 22 23 2.46 1.35 1.39 0.59 26.74 56 6 1 63 29.00 28.26 1.00 0.77 73.26 58 0 
Point 21 0 16 16 2.32 1.54 1.50 1.43 21.33 53 6 0 59 28.10 29.57 0.71 0.45 78.67 35 0 
Point 22 0 14 14 2.15 1.22 1.31 1.05 17.07 61 6 1 68 29.42 25.33 0.88 0.78 82.93 46 0 
Point 23 0 25 25 1.77 0.72 0.95 0.37 25.25 69 5 0 74 24.58 24.95 0.74 0.48 74.75 35 0 
Point 24 1 18 19 3.25 3.46 1.32 1.09 22.89 62 1 1 64 19.38 15.16 0.86 0.66 77.11 18 1 
Point 25 1 11 12 2.60 3.63 1.48 1.89 16.00 60 3 0 63 24.67 17.23 0.86 0.53 84.00 25 0 
Point 26 0 35 35 2.03 1.17 1.14 0.55 25.55 97 5 0 102 21.20 21.23 0.74 0.42 74.45 35 0 
Point 27 0 20 20 2.23 24.31 1.07 0.37 32.26 40 2 0 42 26.93 24.31 0.89 0.59 67.74 19 0 
M1-2 36-1520 3 34 37 2.60 1.75 1.41 0.69 39.36 55 1 1 57 13.45 7.98 1.09 0.67 60.64 13 2 
M1-2 I54 13 4 51 56 2.47 1.25 1.51 0.99 36.36 95 3 0 98 11.81 12.47 0.74 0.29 63.64 19 0 

Tab. 1 - Results of the microwear analysis of three teeth of Equus altidens granatensis from Barranco Leon 5. Analyses carried out on 
27 enamel points of the left upper P3-4 (BL02 31 1692) and on the lingual side of the paracone of M1-2 (specimens BL02 36-1520, right, 
and BL03 I54 13, left). 

 

Photomicrographs of the dental occlusal surface 
were taken at the following points (loci; Fig. 2): 1-2 
on the parastyle, 3 to 6 on the labial side of the pa-
racone, 7-8 on the metastyle, 9-10 on the labial side 
of the metacone, 11-13 on the postfossette, 14 to16 
on the prefossette, 17-18 on the lingual side of pa-
raloph, 19-20 on the lingual side of protocone, 21 to 
23 on the pli caballin, 24 to 27 on the lingual side of 
the hypocone. The results of the analyses are shown 
in Table 1. 

Results obtained have been compared with those 
resulting from the analysis of microwear patterns, of two 
other specimens of E. altidens granatensis from the 
same locality, a right (BL02 36-1520) and a left (BL03 
I54 13) upper molars (both either M1 or M2 = M1-2). In 
the present study (because of the preservation of the 
molar surface), only the locus n° 15 has been analysed. 
The results are shown in Table 1. 

In order to evaluate the consistency of microwear 
patterns at different points of the enamel on the occlusal 
surface, as well as to test the significance of differences 
in pattern found among the examined micro-areas, six 
independent variables (number of small and large pits; 
number of short, long coarse and long fine scratches; 
and number of gouges) were analysed by means of a 
multivariate analysis test (Sokal & Rohlf, 2001). The 
analysis was performed using the correspondence anal-
ysis (CA) test of the Past software program (Hammer et 
al., 2001), which is especially appropriate for count data, 
such as ours. 

3. MICROWEAR PATTERNS 

On the lingual side of the paracone (locus 15), the 
microwear pattern shows parallel fine scratches, located 
mainly at the centre of the analysed micro-area (Fig. 3). 
The inclination with respect to the lingual-labial axis 
ranges from about 0° to 15°. Small pits and more in-
clined scratches can be detected on the lateral side of 
the photomicrograph, but scratches are more abundant 
than pits on the whole of the examined surface (Tab. 1). 
Short or very short scratches (scratches with width to 
length ratio near to 1/4), sometimes not much different 
from pits, prevail. A few long scratches (≥ 250 μm) are 
present. Some look like they consist of several shorter 
marks arranged along the same line. Cross scratches 
are fairly abundant, comprising more than one third of 
the total number of scratches (24 against 64; Tab. 1). 

The microwear patterns of other analysed micro-
areas are roughly comparable, but some differences are 
detectable especially with regards to the scratch (always 
the most numerous) to pit ratio, which varies from 
92.11%,on the posterior side of the mesostyle (locus 8), 
to 64.67% on the labial side of the paracone (locus 3) 
(Tab. 1). Short (sometimes very short) scratches and 
small pits predominate. Long scratches are not very 
abundant. Long coarse scratches are scanty, clearly 
detectable only on about one third of the examined mi-
cro-areas particularly on the postfossette and on some 
loci of the labial and lingual sides of the tooth (Tab. 1). 
Gouges, definitely larger than large pits, are rare, with 
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only six being found on five points, whilst cross scratch-
es can be locally abundant: their frequency ranges from 
52% to 85% (Tab. 1). 

4. STATISTICAL ANALYSIS 

Results of statistical analysis are shown in Fig. 4 
and Fig. 5, where the data are plotted into the new co-
ordinates. The eigenvalues and the variance explained 
for each eigenvector are given in Table 2.A. The first 
three eigenvectors explain 89.06% of the variance. 

Considering new axes 1 and 2 (Fig. 4), the position 
of the loci along axis 1 is directly proportionate to the 
number of small pits and inversely proportionate to the 
number of gouges, coarse scratches, large pits, fine and 
short scratches. The position of the loci on axis 2 is direct-
ly proportionate to the number of gouges, coarse scratch-
es, large and small pits and inversely proportionate to the 
number of short and fine scratches. The more gouges, 
coarse scratches and large pits are counted in one locus 
the more it is inclined towards the negative values on axis 
1 and the positive values on axis 2 (as for the loci 13, 1 
and, in lesser proportion, 24). The more fine scratches 
and fewer small pits are counted (in the absence of goug-
es and coarse scratches) the more the locus plots along 
the negative value of the axis 2 (like locus 8). The central 
area of the 95% confidence ellipse contains two loci on 
the prefossette (15 and 16), two on the lingual side of pa-
raloph (17 and 18) and one on the lingual side of proto-
cone (20). Very near are positioned loci on the pli caballin 
(21, 22 and 23), on the lingual side of the hypocone (25), 
on the prefossette (14, just under locus 15), on the labial 
side of the metacone (10), and on the lingual side of the 
hypocone (26). The most peripheral loci from the centre 

(but still inside the ellipse) are the locus n° 
1 (on the parastyle), the n° 3 (on the labial 
side of the paracone), the n° 8 (on the me-
tastyle), the n° 9 (on the labial side of the 
metacone), the n° 11 (on the postfossette) 
and the n°27 (on the lingual side of the 
hypocone). These loci, except n° 1 and n° 
3, fall in the posterior half of the tooth. The 
locus n° 13, on the postfossette, is the only 
one falling outside the 95% confidence 
ellipse. 

The position of the loci along axis 3 
(Fig. 5) is directly proportionate to the 
number of fine scratches, large pits, 
coarse scratches and small pits and is in-
versely proportionate to the number of 
short scratches. The higher the ratio of “fi-
ne scratches/short scratches” the more the 
locus will fall far within the positive values, 
like loci 12 (which scores “0.19”), 19 
(“0.14”), 20(“0.11”), and 21 (“0.11”). The 
central area of the 95% confidence ellipse 
contains loci on the labial side of the para-
cone (5), on the prefossette (15 and 16), 
on the lingual side of paraloph (17), on the 
pli caballin (23), on the lingual side of the 
hypocone (26), and on the parastyle (2). 
Very near are positioned loci on the 
parastyle (1), on the metastyle (7), on the 
labial side of the metacone (9 and 10), on 

the pli caballin (22) and on the lingual side of the hy-
pocone (25). The most peripheral loci are n°12 (on the 
labial side of the metacone), n°19 (on the lingual side of 
protocone), and n° 8 (on the metastyle). Again, the locus 
n° 13 is the only one falling outside the 95% confidence 
ellipse. As in Fig. 4, loci 15, 16 and 17 fall within the cen-
tral area of the ellipse. The loci on the pli caballin (21-23) 
even if they do not fall within the centre, lie in proximity to 
the locus n°15, the classical point choose in the micro-
wear analysis, in both Fig. 4 and Fig. 5. Again, some of 
the most peripheral points are situated on the posterior 
half of the tooth (8, 11, 13, 24, but not 9, 10). 

Fig. 3 - Photomicrograph (x500) the point n° 15 (see Fig. 2) of the enamel surface 
of Equus altidens granatensis left upper P3-4 (BL02 31 1692). 

 

Fig. 4 - Correspondence analysis among 27 points (loci) on a 
upper P3-4 of Equus altidens granatensis. First and second 
eigenvectors. The 95% confidence ellipse is indicated. 
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Adding to the multivariate analysis data from spec-
imens BL02 36-1520 and BL03 I54 13, the eigenvectors 
change slightly (Tab. 2.B) but without any substantial 
change in the general pattern of the setting of analysed 
loci (Fig. 6). In the axis 2 versus axis 3 graphic, the M1-
2 loci fall well inside the 95% confidence ellipse, while in 
the axis 1 versus axis 2 upper M1-2 (36-1520), it is 
closer to the border of the 95% confidence ellipse (be-
cause of the two gouges found on it). 

5. DISCUSSIONS 

Whether the differences in microwear patterns of 
nearly contiguous enamel areas are related to the intrin-
sic properties of the food, to the presence of exogenous 

grit (see inter alios Rivals & Semprebon, 2006; Sem-
prebon & Rivals, 2007, 2010), or to stochastic factors 
connected to the local resistance to tensile and pressure 
stress during masticatory processes, is a still unsolved 
question. As Equus from Barranco Leon is concerned, 
results obtained indicate that the main differences in 
macrowear patterns (in terms of dental scars among the 
various areas of enamel on the same tooth) are limited 
to a few zones of the enamel surface. Nonetheless, 
considering the quite homogeneous masticatory stress 
across the tooth, its flat occlusal surface, and the pro-
cessing of a roughly similar food, it is not easy to under-
stand what is producing the inconsistencies among mi-
crowear patterns shown by loci close to each other. Dif-
ferences depend mainly on the pits/scratches ratio, but 
also on presence/absence of coarse scratches, large 
pits and gouges. The latter two scars are believed to be 
related to feeding habits that include seeds, hard fruits 
or even roots (Solounias & Semprebon, 2002; Sempre-
bon et al., 2011) but in the present study, a few gouges 
and/or large pits might be caused by exogenous grit, 
swallowed together with food, which locally damaged 
the enamel surface. Indeed, scars herein regarded as 
“large pits” mainly show a more irregular outline than the 
outline of the large pits detectable on the teeth of ani-
mals whose diet includes seed and hard fruits. 

On the other hand, the microwear patterns shown 
by the lingual enamel of the paracone (locus n°15), the 
point classically chosen for analysing microwear in ru-
minants, falls very near the central area of the 95% con-
fidence ellipse. As a result, the lingual enamel band of 
the paracone, can be considered the best point for ana-
lysing microwear in Equus representatives in M2 as well 
as in P3-4, according to the results obtained. In addition, 
on the latter also the pli caballin could be confidently 
analysed to infer the dietary behaviour of horses. Ac-
cording to our result, if in a sample of horse teeth to be 
analysed, the number of available M2 is scanty, it is 
possible to increase the sample size, adding upper P3-4 
(see Fig. 6). 

Fig. 5 - Correspondence analysis among 27 points (loci) on a 
upper P3-4 of Equus altidens granatensis. Second and third 
eigenvectors. The 95% confidence ellipse is indicated. 

 
Fig. 6 - Correspondence analysis among 27 points (loci) on a upper P3-4 and 2 upper M1-2 of Equus altidens granatensis. A) axis 1 
versus axis 2. B) axis 2 versus axis 3. The 95% confidence ellipses are indicated.
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Fig. 7 - Bivariate plot of the average number of scratches versus average number of 
pits for extant browsers, mixed feeders, grazers (data from Solounias et al., 2000; Aa 
Alces alces, Lw Litocranius walleri, Cd Cephalophus dorsalis, Be Boocercus euryce-
ros, Ti Tragelaphus imberbis, Cn Cephalophus niger, Ts Tragelaphus strepsiceros, 
Oj Okapia johnstoni, Cs Cephalophus sylvicultor, Gc Giraffa camelopardis, Cp Capri-
cornis sumatraensis, To Taurotragus oryx, Gg Gazella granti, Tr Tragelaphus scriptus, 
Gt Gazella thomsoni, Mm Muntiacus muntjak, Bt Boselaphus tragocamelus, Ci Ca-
pra ibex, Ce Cervus canadensis, Cu Cervus unicolor, Oc Ovis canadensis, Ke Kobus 
ellipsiprimnus, Ct Connochaetes taurinus, Tq Tetraceros quadricornis, Bb Bison bi-
son, Hn Hippotragus niger, Ax Axis axis, Cv Cervus duvauceli, Oo Ourebia ourebi, 
Sc Syncerus caffer), left upper P3-4 (BL02 31 1692; 27 loci), right M1-2 (BL02 36-
1520) and left M1-2 (BL03 I54 13) of Equus altidens granatensis from Barranco 
Leon. Numbers = P3-4 loci.

Tab. 2 - Eigenvectors of the correspondence analysis test (CA), with respective eigen-
values and % variance, for A) 27 loci on a upper P3-4 of Equus altidens granatensis,
B) 27 loci on a upper P3-4, and 2 upper M1-2 of Equus altidens granatensis. 

Our results are also consistent with those obtained 
by Kaiser T.M. (2002), according to which in hypsodont 
perissodactyls, like Equus, the chewing direction, along 
the horizontal plane, tends to become exclusively trans-
verse. Indeed, the loci which appear as anomalous with 
respect to the average pattern shown by the microwear of 
the E. altidens granatensis from Baranco Leon, are most-
ly located on the posterior part of the tooth (e.g. loci 11 
and 13). Despite the reliability of most of the analysed loci 
with the masticatory stress and movements, some incon-
sistencies still remain unexplained. For instance, what 
about loci 24-26, which may possibly fall within the phase 
II area, albeit they show a pattern different from that of 
other loci of the same area? Why does locus 3 present a 
microwear pattern so different from locus 2, which is lo-
cated on the same enamel band? Could these differences 
have explained by a different orientation relative to the 
chewing direction? Finally, how many stochastic factors, 
such as the ingestion of sediments particles, may affect 
microwear patterns? 

Results obtained, albeit preliminary, on the one 
hand stress once more the individual variation in food 
assumption and consumption, as well as the need of 
large samples and the support of complementary anal-
yses – such as  mesowear (Kaiser et al., 
2000; Kaiser & Forteluis, 2003) and sta-
ble isotopes (e.g., Cerling et al., 1997; 
Mihlbachler et al., 2011) – to validate in-
ferences drawn by microwear analysis. 
On the other hand, they indicate the po-
tential efficacy of the additional test here-
in proposed to better understand the reli-
ability and limits of microwear analysis. 

6. PALAEODIETARY INTERFERENCES 

As far as the diet of the horse from 
Barranco Leon 5 is concerned, plotting 
the number of scratches of this horse 
and extant ruminants (data from Solouni-
as et al., 2000) versus the number of 
pits, our data forms a main cloud lying 
between the grazing and the mixed feed-
ing taxa (Fig. 7). A few loci are nested 
inside the grazers, a few inside the mixed 
feeders and some are scattered over 
both groups. Only locus 4 (on the labial 
edge of the paracone) falls far from the 
others, because of its large number of 
scratches (Tab.1). Loci on the prefos-
sette (15 and 16), and on the pli caballin 
(22 and 23) fall between grazers and 
mixed feeders, with locus 22 nearest to 

the second group. All in all, the pattern of 
dental microwear shown by E. altidens 
granatensis from Barranco Leon 5, for 
upper P3-4, is closer to those shown by 
seasonal mixed feeders than by strict 
grazers. Adding the two M1-2, one (BL02 
36-1520) falls near a grazer taxon, the 
other (BL03 I54 13) in the range of the 
mixed feeders. These data, in the first 
approximation, can be considered con-
sistent with those analysed on the P3-4. 

In any case, more data are necessary in order to sup-
port the hypothesis of any relationship between the in-
crease in moisture between 1.3 and 1.0 My (Blain et al., 
2011) pointed out for the localities of Barranco Leon and 
the dietary behaviour inferred by microwear analysis. 

7. CONCLUSIONS 

Our study is a preliminary work aimed at under-
standing the consistencies in microwear patterns on the 
occlusal surface of dental enamel and the use of single 
locus for palaeodiatary analyses. Our data suggest that 
the differences, at least for horses, are limited to a few 
zones. In particular, the lingual side of the paracone, the 
classic locus chosen for microwear analysis in rumi-
nants and equids, falling at the centre of the distribution 
obtained, considering all the loci on Fig. 2. On our sam-
ple, the loci on the pli caballin could also be confidently 
analysed to infer dietary behaviour. They are all judged 
consistent with the data obtained on M1-2 from the 
same locality. Results obtained also suggest that the 
use of P3-4 can be useful in inferring palaeodietary be-
haviour when the number of available M2 is scanty.  
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Thus, our analysis shows that microwear method-
ology could be extended to other loci and teeth in addi-
tion to the classic one considered. Of course, more da-
ta and more studies would be necessary in order to fur-
ther improve the methodology and fully understand its 
limits. 
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