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Summary
Seven morphostructural traits namely head, face and skull widths and lengths and head depth of 300 cows belonging to seven different
French and Spanish breeds were measured. The investigation aimed at grouping these cattle breeds according to their head conformation
using principal component analysis. From the normalized varimax rotation, two principal components that accounted for 68.1 percent of
the total variance were extracted. The first principal component, termed viscerocranium length component, had its loadings for face
and head lengths and explained 49.9 percent of the generalized variance. Skull and head widths determined the second principal
component, which contributed to 19.2 percent of the variance, and could be termed the component of the neurocranium width. There
is a good deal of overlap between breeds although the Avileña breed shows an increasingly longer built skull in terms of face and
skull lengths. The Blanca del Pallars breed appears significantly separated from alpine breeds but closely related to Gascon.
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Résumé
On a mesuré sept caractères morphostructuraux (c’est-à-dire, largeur et longueur de la tête, de la face et du crâne, ainsi que profondeur
de la tête) de 300 vaches appartenant à sept différentes races françaises et espagnoles. L’enquête visait à regrouper ces races de bovins
selon la conformation de leur tête, en utilisant l’analyse en composantes principales. On a dégagé de la rotation varimax normalisée
deux composantes principales qui représentaient 68,1 pour cent de la variance totale. La première composante principale, appelée com-
posante de la longueur du viscérocrâne, qui mesurait la longueur de la face et de la tête, justifiait 49,9 pour cent de la variance
généralisée. Les largeurs du crâne et de la tête ont défini la deuxième composante principale qui représentait 19,2 pour cent de la var-
iance. On pourrait l’appeler la composante de la largeur du neurocrâne. Les races se chevauchent beaucoup, bien que la race Avileña
présente la structure d’un crâne de plus en plus long sur le plan des longueurs de la tête et du crâne. La race Blanca del Pallars semble
être sensiblement éloignée des races alpines, mais très proche de la race Gasconne.

Mots-clés: bovin, brachyceros, crâne, ostéométrie

Resumen
Se hanmedido siete caracteres morfoestructurales (anchura y longitud de la cabeza, de la cara y del cráneo, y la profundidad de la cabeza) a
300 vacas pertenecientes a siete razas francesas y españolas. El objetivo de la investigación estuvo centrado en el agrupamiento de estas
razas de ganado de acuerdo a su conformación de la cabeza, utilizando análisis de componentes principales. De la rotación varimax
normalizada, se extrajeron dos componentes principales que representaban el 68,1 percent de la variación total. El primer componente
principal, denominado longitud viscerocranium, tenía peso específico para la longitud de la cara y de la cabeza, y explicaba el 49,9 percent
de la varianza generalizada. La anchura del cráneo y de la cabeza determinó el segundo componente principal, lo que contribuía a un
19,2 percent de la varianza, y que podría denominarse como el componente anchura neurocranium. Existe un gran solapamiento
entre las razas; aunque la Avileña muestra un cráneo cada vez más largo de acuerdo a la relación existente entre la longitud de la cara
y la del cráneo. La raza Blanca del Pallars aparece muy separada del resto de las razas alpinas, pero cercana a la Gascón.
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Introduction

Biological relationships among cattle breeds are studied
for a variety of reasons (Kidd and Pirchner, 1971). For
example, the relationships may reflect breed histories and

thereby illuminate human migrations, they may identify
breeds potentially useful in breeding programmes and
they may aid in understanding domestication (Simon
et al., 2008). Historically, morphological studies,
especially of the skull, were the major source of data
used to characterize breeds (Kidd and Pirchner, 1971),
but molecular genetics were recognized soon after their
discovery to be another valuable source of data (Viana
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et al., 1998; Pariset et al., 2010; Martín-Burriel et al.,
2011). Evolution of mammalian skeletal structure can be
rapid and the changes profound, as illustrated by the mor-
phological diversity of the cattle. There are several ways of
trying to group the European cattle breeds: by role, geo-
graphically, by obvious external characteristics such as
colour and horns, by genetic distance or by any of
several hypotheses suggesting how the breeds might
have evolved an diversified and in which general direc-
tions their ancestors migrated with the invaders and settlers
of their country of origin (Porter, 1991; Čítek et al., 2006;
Achilli et al., 2009). There is certain arbitrariness in such
groupings and it depends, to some extent, on why the
connections between the breeds are being sought (Porter,
1991). It has been traditionally stated that cattle breeds
were distinguishable on the basis of suites of head
measurements and considered that skull and face lengths
and widths were most useful for their identification.

The objective of principal component analysis (PCA) is to
account for the maximum portion of the variance present
in the original set of variables with a minimum number
of composite variables. It assumes that the unique variance
represents a small portion of the total variance. The present
investigation therefore explores the relationships among
some cephalic dimensions in some bovine breeds using
PCA with a view to reduce the number of body measure-
ments required for genetic and breeding purposes. Rotation
of principal components was through the transformation of
the components to approximate a simple structure. PCA
can be used with success when morphological character-
istics are interdependent. This is to find the loadings that
can explain the highest variation in the data set over the
dependent variable. The resulting PC or loadings may
decrease the dimension of the explanatory variables and
break the possible dependence among explanatory vari-
ables (Yakubu and Ayoade, 2009).

To the present, skull morphometric studies within and
among cattle breeds based on a relatively large number of
specimens and employing multivariate analysis techniques
have been limited. In addition, most of the craniological
studies were based on measurements of very few skulls
(Kidd and Pirchner, 1971) and from the studies of this
type, no comparative one has been performed between the
Pyrenean breeds. Therefore, the aim of the present study is
to examine the skull differences between some Pyrenean
breeds based on large samples as well as their intraspecific
variability by means of multivariate analyses. This study
therefore also considers the “Pyrenean bovine patchwork”,
with the special interest of conserving those breeds which
are highly endangered, such as Blanca del Pallars.

Material and methods

Three hundred adult cows of known breeds were included in
the study. Studied animals belonged to the following seven

French and Spanish breeds: Avileña (AVI, N = 9), Blanca
del Pallars (BLP, N = 36), Bruna dels Pirineus (BRU, N =
193), Gascon (GAS, N = 7), Pardo Alpina (PAL, N = 19),
Parda de Montaña (PMU, N = 19) and Pyrenean (PIR, N =
17). Only adult specimens (at least M3 erupted) were
included in this study, because the developing skeleton
undergoes large changes in size and proportions, which
might limit the distinction between breeds. The Avileña is
a black, long-horned draught-and-meat breed that belongs
to the black Iberian group and it has many similarities
with the so-called Celtic breeds, such as Welsh,
Longhorn, Kerry, Camargue and Tortona while the
Gascon is a wheaten or grey meat-and-draught breed and
is long horned, a trait that is shared with the Podolian
types in Italy and the Pyrenean is a blond breed that is
straw coloured with pale shading on the underside and
lower parts of extremities (Porter, 1991). The muzzle and
the mucosae are pink (Sambraus, 1992). Its breed history
could be traced back to Celtic cattle. The Bruna dels
Pirineus, Pardo Alpina and Parda de Montaña belong to
the so-called Alpine Swiss brown group having Swiss
strains as their ancestor and are closely related to each
other because of their same origin. They are mostly medium
to dark brownwith a pale back line and almost white around
the muzzle. Muzzle and hooves are dark. Finally, the
Blanca del Pallars is a fairly primitive pure white breed,
the mucosae and hooves being dark. It is classified as a
relic breed on the brink of extinction by the Food and
Agriculture Organization of the United Nations, as
only 33 breeding animals remain alive (2 bulls and 31
cows) and could represent the last vestiges of an ancient
Podolian population introduced from France many years
ago (unpublished data, 2011) which has been blanketed
out of existence by successful alpine Swiss invaders. It is
well managed and well adapted to the local Pyrenean hard
terrain and climate.

In the present study, following the criteria described in the
classical literature (Sánchez, 1984; Porter, 1991), cows
were classified as belonging to the Alpine (BRU, PAL
and PMU), Blonde (PIR), Iberian (AVI) and Podolian
trunks (BLP and GAS). Seven basic measurements were
taken following standard procedure and anatomical refer-
ence points described (Herrera and Luque, 2009)
(Figures 1 and 2):

(1) Skull width.
(2) Head width.
(3) Face width.
(4) Skull length.
(5) Face length.
(6) Head length (V3 + V4).
(7) Head depth.

Only traditional measurements were included. Mandibular
measurements were excluded. The cephalic measurements
were taken with a slide gauge equipped with a scale. The
measurements are in millimetres to the nearest 0.5 mm. All
bones were measured by one of the authors (Pere-Miquel
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Parés) except for 28 Blanca del Pallars cows, which were
measured by Ignasi Sinfreu, but since the measurements
are defined anatomically, authors do not believe that this
fact involved any systematic differences. No specimens
had missing measurements. Ethical approval was con-
sidered not necessary as the study involved simple
manipulations.
Standard statistics comprised mean, standard deviation and
coefficient of variation (CV). Also, one-way analysis of
variance (ANOVA) on each character was used to ascer-
tain whether or not significant differences existed among
breeds. Pearson’s correlations were determined and those
variables showing all absolute r < 0.3 were excluded
from subsequent multivariate analysis. The Kaiser−
Meyer−Olkin rule criterion was used to determine the
number of components, i.e. relating only the components
that have eigenvalue greater than 1. For further analysis,
a varimax rotation was performed. The next method used
in this study was principal components analysis using
the correlation matrix. Finally, the standardized canonical
coefficients, which represent the contribution of each vari-
able to the discriminative function, were inspected in order
to investigate the breed differences.

Statistical analyses were performed using the standard
methods of Factor v. 7.00 software package (Lorenzo-Seva

and Ferrando, 2006) and PAST (Hammer, Harper and
Ryan, 2001). Data are available at the following address: per-
emiquelp@prodan.udl.cat.

Results and discussion

The analysed breeds differ differently in terms of all the
studied parameters (Table 1). Breed variation, expressed
by the CVs, is relatively high for some variables in some
breeds. Although high CVs have been also reported in pre-
vious morphometric studies (Parés and Jordana, 2008) this
general variability may be a feature of cattle and it should
be taken into account when variables are selected for
analysis. On average, the face of Avileña is shorter than
those of the other breeds, being a clear brachyprosopic
breed, and Blanca del Pallars has the widest skull but in
general all measurements show an overlap in ranges. The
tests reveal significant differences between breeds in all
variables (p ≤ 0.05), with the exception of head width
(p > 0.05).

V4 (skull length) is excluded from subsequent analysis as
it presents a Pearson’s correlation coefficient lower than
absolute 0.3. In the component analysis for the six remnant

Figure 1. Anatomical reference points described (frontal view). V1, skull
width; V2, head width; V3, face width.

Figure 2. Anatomical reference points described (lateral view). V4, skull
length; V5, ace length; V6, head length (V3 + V4); V7, head depth.
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variables, the estimate of sampling adequacy Kaiser−
Meyer−Olkin reveals the proposition of the use in differ-
ent biometric traits by underlying components (0.66888)
and indicates a mediocre sampling adequacy. The determi-
nant of the matrix is 0.05501523013747.

The PCA reveals that the percentage of total variance that
best explained the data was summarized in the first two
components (Table 2). The two analysed components of
the PCA analysis reveal two components, the eigenvalues
of which are bigger than 1.0. Eigenvalues for components
I and II are 2.99 and 1.15, respectively. These components
jointly explain 68.1 percent of the total variance formed by
the six metric traits. After the varimax rotation is per-
formed, each variable is given a load, reflecting the linkage
of a variable with a given component. The highest loads
(>0.7) in Table 3 are marked in bold and loadings lower
than absolute 0.300 omitted. PCI is especially linked
mostly with two traits out of six (Table 3) reflecting
lengths: face and head lengths. PCI accounts for 49.9 per-
cent of the total variation and is interpreted as a size com-
ponent as suggested by the positive coefficients for almost
all measurements. It indicates a proportional increase in the
face length in relation to head length in all the breeds. PCI

may be called the component of the viscerocranium length.
PCII defines traits of width: skull and head widths. PCII
may be called the component of the neurocranium width.

The polygons of the plot (Figure 3) show a lack of distinct
breed difference of skulls. The only apparent tendency is
the slight shift to the right of the graph in case of the skulls
of Avileña which shows an increasingly shorter built face
and head. Due to the marked dispersion of points repre-
senting the skulls of the breeds, it may be stated that in
terms of the structure of the skull the studied breeds do
not constitute uniform groups. On the other hand, the
second principal component does not contrast differences
between skulls of cows of studied breeds. These obser-
vations are confirmed by ANOVA which shows that
Avileña differs in terms of face (F = 76.33, p < 0.0001)
and head length (F = 69.99, p < 0.0001). ANOVA con-
ducted for PCI did show significant differences between
Avileña and the others (F = 283.9, p ≤ 0.0001) but as
PCI – just connected with two parameters – explains less
of half of the total variance, it is difficult to draw final
conclusions.

Table 1. Descriptive statistics of features and significance differences.

Skull width Head width Face width Skull length Face length Head length Head depth

AVI 18.18a 23.10a 16.49ab 15.60abc 28.92a*** 44.52a*** 37.50a*bcde

1.12 1.07 0.95 1.38 5.86 5.44 3.91
6.1 4.6 5.7 8.8 20.2 12.2 10.4

BLP 19.49b* 23.99a 15.91a* 15.76a*c 37.18bc 51.54b**d 37.66ade

1.30 1.69 1.82 1.48 2.42 3.87 1.82
6.6 7.0 11.4 9.3 6.5 7.5 4.8

BRU 18.76a 23.65a 16.98ab 15.01ab* 38.57bc 53.58bcd 35.19ab*cd**e***
1.20 1.26 1.06 1.32 3.18 2.79 2.20
6.4 5.3 6.2 8.8 8.2 5.2 6.2

GAS 18.34a 23.10a 17.09ab 14.29b*** 39.64bc 53.93bcd 38.01abce

0.71 0.58 0.70 1.07 1.83 2.30 2.09
3.8 2.5 4.0 7.5 4.6 4.2 5.5

PAL 18.86a 24.07a 17.44b* 16.67abc 36.67b* 53.34bcd 35.06bc*de***
0.82 0.97 0.95 1.80 3.83 3.42 1.66
4.3 4.0 5.4 10.7 10.4 6.4 4.7

PMU 19.22a 24.16a 17.26b* 15.26abc 40.35c 55.61cd* 38.77abcd

1.20 1.27 1.00 1.37 2.01 2.02 2.05
6.2 5.2 5.8 8.9 4.9 3.6 5.2

PIR 18.57a 23.18a 17.04ab 14.66ab** 37.75bc 52.41bc 36.45abcde*
0.89 0.86 1.03 1.56 1.95 2.56 2.24
4.8 3.7 6.0 10.6 5.1 4.8 6.1

Rows: (1) mean; (2) standard deviation; (3) CV.
Different letters in the same column differ significantly *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001.

Table 2. Extraction of the three first principal components.

Principal
component

Eigenvalue Percentage of
variance

Cumulative
percentage of

variance

1 2.99497 0.49916 0.49916
2 1.15296 0.19216 0.68132
3 0.79004 0.13167

Table 3. Component loading matrix after varimax rotation.

Variable PCI PCII

Skull width 0.787
Head width 0.852
Face width 0.448
Face length 0.875
Head length 1.028
Head depth

The highest loads ( > 0.7) are marked in bold and loadings lower than
absolute 0.300 omitted.
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ANOVA conducted for PCII shows highly significant
differences in some breeds: between Avileña and Bruna
dels Pirineus (p ≤ 0.05), between Blanca del Pallars and
Bruna dels Pirineus (p ≤ 0.0001) and between Blanca del
Pallars and Pardo Alpina (p ≤ 0.01). Of special interest is
the position of Blanca del Pallars, which appears clearly
separated from alpine breeds such Bruna dels Pirineus and
PardoAlpina but closely related to Gascon. The relationship
between Blanca del Pallars and Gascon, as revealed in this
investigation, makes possible the claim that the former
breed is very distinct from the alpine breeds, differing
from the idea of Avellanet, Aranguren-Méndez and
Jordana (2002), Jordana et al. (2010), and Marmi, Casas
and Jordana (2005), although the Blanca del Pallars and
the Bruna dels Pirineus are in the same area. One can
attempt to identify Blanca del Pallars as a sphere of influence
of what we call a “provincialism” in the “Podolian occu-
pation”. The Blanca del Pallars breed could have a certain
relation with an ancient variety of a grey breed, similar to
the extant “Gascon areole” or Mirandais (not studied
here), as suggested by general morphological traits of
both breeds (authors, 2011, in press). Historical, intense
relationships have been demonstrated along both sides
of Pyrenees (in theMiddle Ages, Gascony was a principality
in the southwest of France, linked to the ancient county
of Pallars Sobirà, in the northeast of Spain). Considerable
commerce and traffic must have existed between French
and Spanish Pyrenees and this, with intermingling on com-
mon or adjacent mountain pastures (a current phenomenon
in Pyrenees), must have led to some exchange of breeding
stock. Thus, for these historical and geographical reasons,
a transpyrenean relationship between Podolian breeds
seems quite reasonable.

Finally, the discriminative function analysis indicates no
significant differences among breeds (F = 0.070; d.f. =
503.14, 68; P = 1). Examination of the standardized canoni-
cal coefficients revealed that the variables that most

contributed to the discrimination between breeds, in
decreasing order, were face width and head depth (Table 4).

Our results contrast with the classification of the old zoo-
technical schools which based breed classification mostly
on cranial measurements (Kidd and Pirchner, 1971).
Nevertheless, our obtained tree appears to represent a
more reasonable picture of the phylogenetic relationships,
at least among Pyrenean cattle breeds. Now it would be of
some interest to compare results of multivariate analyses of
skull measurements from other relict Pyrenean breeds,
such as Betizu, Lourdaise and Casta with the present
results. But this will be only done if effective sampling
is facilitated and collaborative transboundary scientific
links are established.
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Table 4. CCA scores for the canonical correspondence analysis.

Variable Axis 1 Axis 2

Head depth −1.3931 −0.8586
Face length −0.2890 1.6423
Skull width −0.0816 0.1586
Head width 0.0352 0.1740
Head length 0.5867 −0.4971
Face width 1.7688 −0.3141

Figure 3. Principal component plot (PCI and PCII). Polygons enclose the breeds. Abbreviations are explained in the text.
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