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SUMMARY

Our intention is to objectively assess the
behavior patterns related to bravery in bullfighting
cattle by means of a scale devised for this purpose.
Reliability and validity studies have been carried
out. This instrument will allow researchers to
analyse inherited behaviour characters, permitting
breeders to select in a more objective and
systematic way. The evaluation scale of bravery
in Fighting bovines, EBL 10, has been constructed.
A glossary has also been developed with the
distinguishing definitions of the ten dimensions
dealt with, as well as a set of objective indicators
for each dimension. A feasibility and validity study
of the scale has been undertaken, assessing a
sample made up of 380 bulls' behavior during a
bullfight. Previously, a reliability study was carried
out by two evaluators in a sample of 116 cows
during a practical bravery test, (tienta). The scale
(EBL 10) is a valid and reliable tool for standard
behavior assessment related to bravery in fighting
bovines and may be useful for both researchers
and breeders alike.

RESUMEN

Se pretende evaluar objetivamente los com-
portamientos relacionados con la bravura en bo-
vinos de Lidia mediante una escala elaborada con
dicho proposito. Se realizaron los estudios de
fiabilidad y viabilidad. Este instrumento permitira a
los investigadores estudiar la heredabilidad de
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caracteres comportamentales, posibilitando una
selecciéon ganadera mas objetiva y sistematica. Se
construy6 la escala de evaluacion de la bravura
para bovinos de Lidia (EBL-10). Se desarrollé un
glosario con las definiciones diferenciales de las
diezdimensiones manejadas asi como un conjunto
de indicadores objetivos para cada dimension. Se
realizé un estudio de validacién de la escala
aplicandola a una muestra constituida por 380
toros durante la lidia. Previamente, se realiz6 un
estudio de fiabilidad inter-evaluadores en una
muestra de 116 hembras durante la tienta. Se
dispone de un instrumento viable y fiable para
medir el comportamiento relacionado con la bravu-
ra en bovinos de lidia, que puede ser util a inves-
tigadores y ganaderos.

INTRODUCTION

Very few scientific studies exist about
the behavior of fighting bulls (Vallejo et al.,
2001) and genetic parameters of behaviour
(Silva et al., 2006). The majority of which
refer to the domesticated breeds of Bos
taurus (Aguilar, 1991). The Fighting Bull is
not a very extensive breed, found solely in
some European countries and various in
Latin America. However its greatest cultu-
ral impact is mainly in Spain, (taurine themes
have been very common in painting,
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sculpture and literature for various centu-
ries), where it assumes a genetic heritage of
inestimable value.

Also, in Spain, the bull represents an
important economic contribution to the
country. The taurine world makes up 2% of
the G.N.P. From an economic view point,
this farming sector contributes between 35%
and 40% of the total agrarian production in
Spain (Dominguez, 2005). There are more
than one thousand ranches belonging to
five organisations. The Union of Fighting
Bull Breeders (Union de Criadores de Toros
de Lidia-UCTL), is one of these associations
and if we add up the extent of the lands on
which the cattle graze among the ranches
associated with the UCTL, there are more
than 300 thousand hectares, an expanse of
land greater than some Spanish counties,
such as Guipuzcoa.

In Spain, the fighting bull has been
selectively bred for more than two centuries
and if this selection takes into account
aspects related to the phenotype, they are
above all, the character behaviours which
prevail in a definitive way. The traditional
system that breeders use to evaluate and
record the behaviour of cows during bravery
testing (tienta), and bulls during a bullfight
has a series of limitations, (Garcia et al.,
2002, 2003), which has led us to design a
standard scale for the evaluation of bravery
in fighting bovines, (EBL 10) (Garcia and
Almenara, 2004, 2005). This scale has been
subjected to strict quality criteria which are
currently used in Psychometrics and
Biostatistics and constitute a key instrument
within the Programme for Genetic Impro-
vement, Selectivity and Conservation which
The Union of Fighting Bull Breeders (UCTL)
has recently presented to the Ministry of
Agriculture (UCTL,20006).

Once these quality criteria have been
completed, this scale could permit breeders
to carry out a more objective and systematic
selection process, while at the same time
providing researchers with cuantative and

reliable information on which they could
base their studies about the inheritance of
behavior characteristics. Likewise, this scale
could serve to objectively evaluate the
quality of bulls fought at specific taurine
festivals, providing cuantative scores for
comparison between preceding and succe-
ssive years. Finally, this scale can also be
useful to foster and spread interest in the
taurine world, helping beginners to better
understand such complex and fascinating
behavior such as that of bravery in Fighting
Bulls.

Essentially, we think that bravery in the
fighting bovine is a hypothetical concept
which appears inside the definition of a
complex phenomenon where a group of 'va-
riables or dimensions interact and are, at
times, difficult to define. On evaluating a
phenomenon of the aforesaid characteristics
it is important therefore to place ourselves
inside a dimensional model which delimits,
in the first place, the number of variables or
dimensions that it can consist of. When a
phenomenon is complex it is seen as a
multidimensional framework, where basic
dimensions should be delimited concerning
those the evaluation is centered on, since
their actual number is practically inacce-
ssible (Salvador et al., 2000).

By developing this line of argument
science has been able to figure out the
dimensional components of intelligence,
pain, and other entities of interest for
Psychology and Medicine. And now, we
intend to carry out a task from the same
scientific perspective but with a view to
understanding and knowing the behavioral
characteristics of this unique animal; the
fighting bull. We have begun our pro-
gramme, as stated above, with the elaboration
ofastandardized scale for the evaluation of
bravery in fighting bovines (EBL 10). The
final aim ofthe current work is to present the
structure of the aforementioned multidi-
mensional scale for the evaluation of bravery
in fighting bovines, and its subsequent
validation.
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MATERIALAND METHODS

The first part of the study was carried
outusing a sample made up of 116 fighting
cows (from M.P. Garcia Fdez-Palacios
livestock) during the process of tientas, or
practical bravery test. Te second part of the
study was completed with a total of 380
bulls, of which 262 were fought in the Ma-
drid bullring (Las Ventas) (Almenara and
Garcia, 2004), and 118 in the El Puerto de
Santa Maria bullring.

For this, we have constructed a scale of
ten dimensions, with opposite descriptors
at each extreme of the measured dimension
or item. In this way, the following charac-
teristics are measured: 1) lack of mobility to
mobility, 2) indecision to charging decisi-
vely, quickly and with impetus, 3) distraction
to fixed attention, 4) charging at the mounted
bullfighter's horse (picador) without style
to charging with style, 5) charging at the
cape without style to charging with style, 6)
docility to fierceness, 7) cunningness to
nobility, 8) weakness to strength, 9) lack of
transmission of emotion to public to
transmission, 10) decreasing fighting spirit
to increasing fighting spirit.

A scale thus constructed allows us to
characterize an animal with a single score
which is the sum of all the scores obtained
for each dimension.

The following example about the evalua-
tion of the first of the ten dimensions of

1. LACK OF MOBILITY
Scarcity, clumsiness, heaviness

Greatly Somewhat Alittle
lacking )

lacking lacking
0 ! 2

)

bravery, mobility, can be seen in the figure
1, and gives the reader a more graphic idea
of how the scale works.

We have also developed a glossary of
all the dimensions dealt with and a set of
indicators to evaluate them.

Later, the scale was subjected to a
reliability and validity study.

RELIABILITY

The reliability study between evaluators
ofthe EBL 10 scale was carried out using a
sample madeup of 116 fighting cows (from
M.P. Garcia Fdez-Palacios livestock) during
the process of tientas, or practical bravery
test. The ten dimensions of the EBL 10 test
were measured in all animals by two trained
evaluators.

Each animal obtained a score in every
item of the scale which ranged from 0 and 5,
representing a gradient where the highest
score, (5), reflected the most positive
expression of the animal's attitude. The
addition of the scores obtained in each
dimension of the scale gave us the final
score for the animal, which ranged from 0 to
50, thus allowing us to rank the animals in
order and to compare them.

All the individual measurements given
by both evaluators were used to calculate
the intraclass correlation coefficient
between scores by means of a mixed effects
model. Also a categorical classification of
the animal in brave or non - brave behaviour

1. MOBILITY
Constant activity, galloping a set path,

rhythm, agility and speed

Quite a lot

Not much

3 4

Figure 1. Evaluation of the first dimension: mobility. (Evaluacion de la primera dimension:

movilidad).
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was carried out. Here, the concordance was
evaluated according to Kappa's coefficient.

VALDITY

Subsequently, we used the same EBL 10
scale to carry out a validation study with a
total of 380 bulls, of which 262 were fought
inthe Madrid bullring (Las Ventas), and 118
in the El Puerto de Santa Maria bullring.

We have calculated an important number
of statistical indicators of which here, we
have only presented the mean, the standard
deviation, and the minimum and maximum
values obtained. Later, the results obtained
in both bullrings were compared with the
aim of evaluating the possible existence of
significant differences between the bulls
fought in each bullring.

Finally, we performed a principal compo-
nents analysis (PCA) with the matrix of
initial data, given that the study of an intan-
gible conceptas is bravery in fighting bulls,
requires a multivariant statistical analysis
(Cuadras, 1996). Moreover, it will help to
construct validity for the scale if we find one
or more underlying variables which are not
susceptible to being measured directly and
which can be substituted by synthetic va-
riables or components (Silva, 1997; Schuling
etal.,1993).

Principal components analysis (PCA) is
perhaps the oldest technique of multivariant
analysis. It was first introduced by Pearson
(1901), and developed independently by
Hotelling (1933), to whom we owe its real
development and applicability. As has
happened with many other multivariant
techniques, its practical applications will
not be manifested until the neccessary
computing techniques are developed
(Jollifte,2002).

The central idea of PCA is to obtain a
simplification of a group of data, generally
quantitative, coming from the measurement
ofagroup of interrelated variables. This aim
is achieved by transforming to a new group
of'variables, the principal components (PC),

which are uncorrelated, and which are
ordered so that the first PC retain most of the
variation presentin all of the original varia-
bles (Jolliffe, 2002, and Almenara et al.,
1998).

From a practical point of view, following
Gonzalez (1991), we can obtain the following
objectives with this: 1) Synthesizing the
information coming from an important
volume of data. 2) Create indexes or new
indicators, in our case bravery, represented
by the CP. 3) Also, to use the technique as
a prior step to others.

In the first place, the idea centres on
resolving the problem of ranking, trying to
ensure thatall measurements carried out are
included. For this, PCA can help us. As
previously mentioned, it is able to originate
a lineal combination of the original varia-
bles. With this, it can be obtained a specific
score for every subject (fighting bovine), in
every one of the chosen PCs, which enables
us to put them in order. Also, these PCs can
help us to figure out a specific model
underlying (bravery) in the group of initial
data, which are obtained by the process of
interpreting the PCs.

The data will be treated statistically in
the computer programmes SPSS (version
14) and Statgraphics Plus (version 5.1), both
licensed by the University of Cadiz.

RESULTS

RELIABILITY RESULTS

The results obtained in the feasibility
studies between evaluators indicate they
are high. The intraclass correlation coe-
fficient reached a value of 0.91 (p=0.000)
and the Kappa's coefficient was 0.76 (p=
0.000).

VALIDITY RESULTS

We have divided the results of the
validation study into: analysis of the varia-
bles studied, correlation of them, and
creation of synthetic variables by means of
PCA.
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Table I. Statistical descriptions of the ten dimensions of the EBL 10, for bulls fought in Madrid
(San Isidro Festival) and El Puerto de Santa Maria (2004, 2005 and 2006). (Descripcion

estadistica de las diez dimensiones de la EBL 10, en los toros lidiados en Madrid (Feria de San Isidro)

y El Puerto de Santa Maria (2004, 2005 y 2006)).

Dimensions n Min. Max.  Mean SD
Lack of mobility-mobility 380 0 5 2.59 0.815
Indecision-decisive, quick to start charge 380 0 5 2.41 0.853
Distraction-fixed attention 380 0 5 2.69 0.767
Charging at picador's horse without style-with style 379 0 5 1.91 0.821
Charging at lures without style-with style 380 0 5 212 0.960
Docility-fierceness 380 1 5 2.52 0.817
Cunningness-nobility 380 1 5 2.78 0.879
Weakness-strength 380 0 5 2.51 0.962
Lack of transmission to public-transmission 380 0 5 2.09 1.086
Decreasing fighting spirit-increasing fighting spirit 380 0 5 1.84 1.040

Analysis of studied variables

The mean, standard deviation (SD), the
minimum and maximum values for each of
the dimensions shown in the following table.
(tablel).

The highest score corresponds to
nobility (2.78) and fixed attention (2.69) and
the lowest to increasing fighting spirit (1.84).

We have compared the results obtained
in Madrid with those obtained in El Puerto
de Santa Maria for the years 2004, 2005 and
2006 (assessed with the Student-t test,
p<0.05) (tableII).

Correlation between the EBL-10 variables

To try to evaluate the statistical
relationship between the EBL 10 variables
we proceeded in the first place to calculate
the correlation matrix between them. For
this, all the measurements carried out in all
the evaluated animals were used. The
correlation analysis was done using
Pearson's lineal correlation coefficient. The
results are shown in table I1I.

From the previous data matrix we can
obtain valuable information about the
relationship between the different varia-
bles, of which the mostrelevant are indicated
here: Thus, we can see how mobility
correlates in an important and significant

way with quick to start charge (r= 0.838),
with transmission (r=0.739) and increased
fighting spirit (r=0.712) quick to start charge
strongly correlates with transmission (r=
0.750) and fixed attention with charging at
the cape with style (r=0.643). We can also
observe how charging at the picador's horse
does not show any strong correlations with
any other variable. On the other hand,
charging at the cape with style, correlates
fundamentally with the aforementioned fixed
attention, with quick to start charge (r=
0.647) and with nobility (r=0.582). Fierce-
ness, as expected, correlates negatively with
nobility (r= -0.175) but relates positively
and strongly with transmission (r=0.760),
mobility (r=0.671), increased fighting spirit
(r= 0.670) and strength (r= 0.653). The
nobility variable has its greatest correlation,
as mentioned before, with charging at the
cape with style. There is a slight negative
correlation between nobility and strength
(r=-0.175).

The creation of synthetic variables through
ACP

To continue we carried out the ACP,
selecting the first two eigenvalues greater
than one, knowing 11=5.453 which explains
54.53% of'the initial variability and 12=1.861
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Table II. Differences between means evaluated in bulls fought in Madrid (San Isidro
2004,2005,2006) and EI Puerto de Santa Maria (years 2004, 2005, 2006). (Diferencias de las
medias evaluadas en los toros lidiados en Madrid (San Isidro, 2004, 2005, 2006) y El Puerto de Santa

Maria (afios 2004, 2005, 2006)).

Dimensions Bullring n Mean SD P
Lack of mobility-mobility Madrid 262 2.73 0.766

Puerto 118 2.27 0.834 0.000
Indecision-decisive, quick to start charge Madrid 262 2.49 0.811

Puerto 118 2.23 0.919 0.005
Distraction-fixed attention Madrid 262 2.78 0.696

Puerto 118 2.49 0.875 0.002
Charging at picador's horse without style-with style Madrid 261 2.02 0.759

Puerto 118 1.68 0.905 0.001
Charging at lures without style-with style Madrid 262 2.22 0.885

Puerto 118 1.92 1.083  0.009
Docility-fierceness Madrid 262 2.59 0.861

Puerto 118 2.36 0.688 0.006
Cunningness-nobility Madrid 262 2.82 0.898

Puerto 118 2.69 0.832 0.198
Weakness-strength Madrid 262 2.53 1.012

Puerto 118 2.47 0.844 0.575
Lack of transmission to public-transmission Madrid 262 2.16 1.133

Puerto 118 1.95 0.959 0.062
Decreasing fighting spirit-increasing fighting spirit Madrid 262 1.95 1.022

Puerto 118 1.61 1.046 0.003

Comparison of the means was performed with the T-Student test.

which explains 18.615%, together explaining
almost 73.15% of'the initial variance. This is
sufficient criteria to enable the selection of
the first two associated components (Y1,
Y2) (tablelV).

To understand the meaning of both
components it is necessary to study the
correlation between the variables originally
measured and the selected components,
which facilitates the interpretation of the
new synthetic variable generated.

The correlation of the variable compo-
nents matrix (table V), shows us that the
greatest correlation of the first component
goes with the quick to charge variable (r=
0.903), followed by those obtained with
increasing fighting spirit (r=0.882), mobility
(r=0.881), and transmission (r=0.881). Also,
we can see an important correlation with

fierceness (r=0.779). The variable with least
weight in this component is nobility (r=
0.188).

The greatest correlation with the second
component is obtained with the nobility
variable (r= 0.879), followed by those
obtained with fixed attention (r=0.570) and
then by charging at the cape with style (1=
0.551). Inopposition (variables with negative
influence), are increasing fighting spirit,
transmission, fierceness and strength. We
can associate this component with the
manageability.

We have finally named the two new
synthetically generated variables: aggre-
siveness (casta), and manageability (torea-
bilidad), which are defined in the following
way:

Aggresiveness= 0.386 quick to start
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Table III. Correlation matrix of the EBL 10 dimensions. (Matriz de correlaciones de las
dimensiones de EBL 10).

2 3 4 5 6 7 8 9 10
1 0.838"™ 0.523** 0.414** 0.574** 0.671** 0.099 0.562**  0.739** 0.712*
0.000 0.000 0.000 0.000 0.000 0.054 0.000 0.000 0.000
2 1 0.560** 0.415** 0.647** 0.661**  0.159** 0.559**  0.750** 0.747*
- 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000
3 1 0.296™* 0.643** 0.299**  0.510** 0.136™  0.393** 0.506**
- 0.000 0.000 0.000 0.000 0.008 0.000 0.000
4 1 0.349** 0.424** 0.057 0.299*  0.392** 0.429**
- 0.000 0.000 0.269 0.000 0.000 0.000
5 1 0.305**  0.570** 0.240*  0.503** 0.582**
- 0.000 0.000 0.000 0.000 0.000
6 1 -0.175** 0.653**  0.760** 0.670**
- 0.001 0.000 0.000 0.000
7 1 -0.163**  -0.031  0.148**
- 0.001 .0550 0.004
8 1 0.701** 0.581**
- 0.000 0.000
9 1 0.808**
- 0.000

1: Mobility; 2: Quick to start charge; 3: Fixed attention; 4: Charge at picador's horse; 5: Charge at lures;
6: Fierceness; 7: Nobility; 8: Strength; 9: Transmission; 10: Increased fighting spirit. **p<0.05.

charge+0.377 increasing braveness +0.377  + 0.234 charging at picador's horse with
mobility + 0.377 transmission + 0.335  style+0.080 nobility.

fierceness + 0.302 + charging at lures with Manageability= 0.644 nobility + 0.417
style+0.219 strength +0.268 fixed attention ~ fixed attention+0.403 charging at lures with

Table IV. Component selection. Distribution of eigenvalues and percentages of explained
variability. (Seleccion de componentes. Distribucion de autovalores y porcentaje de variabilidad
explicada).

Components Eigenvalues % of the initial variability Accumulated percentage
1 5.453 54.532 54.532
2 1.861 18.615 73.147
3 0.752 7.520 80.667
4 0.472 4.719 85.386
5 0.355 3.546 88.932
6 0.321 3.213 92.145
7 0.260 2.596 94.741
8 0.222 2.224 96.966
9 0.160 1.596 98.562
10 0.144 1.438 100.000
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Table V. Correlation matrix of the variables and the selected principal components. (Matriz
de correlaciones entre las variables y las componentes seleccionadas).

Dimensions

Lack of mobility-mobility
Indecision-decisive, quick to start charge
Distraction-fixed attention

Charging at picador's horse without style-with style

Charging at lures without style-with style
Docility-fierceness

Cunningness-nobility

Weakness-strength

Lack of transmission to public-transmission
Decreasing fighting spirit-increasing fighting spirit

Components
Y1 Y2
0.881 -0.038
0.903 0.029
0.628 0.570
0.549 -0.024
0.707 0.551
0.784 -0.411
0.188 0.879
0.680 -0.475
0.881 -0.248
0.882 -0.033

style + 0.021 quick to start charge -0.017
charge at picador's horse with style -0.024
increasing braveness -0.028 mobility -0.182
transmission -0.301 fierceness -0.347
strength.

DISCUSSION

A scale has been designed to measure
behaviours in fighting cattle. The viability
criteria (applicability, acceptability and
practicality), are adequate. We believe that
the constructed scale complies with the
reliability between evaluators criteria that
are advocated for this type of instrument,
with high reliability indexes expressed in
the results.

The validity study of the scale has
allowed the appropriate analysis of the
correlation between the variables that make
it up, allowing the comparison of results.
With the PCA we have created two synthetic
variables as functions of a set of intermediate
variables, each one of which contributes to
quantify some aspect or feature of the
conceptof bravery(Silva 1997). Both varia-
bles, we can say, are valid. In other words,
they have the capacity to really measure the
concept intended for measurement. Both
variables present face validity that relates
to the fact that the synthetic variables

measure what it is wanted. The content
validity, measured by experts' consensus,
relates to the capacity that the synthetic
variable components cover the spectrum of
the concept to be defined (Silva, 1997),
(Dowell and Newell, 1987). In this study, the
experts consulted from The Union of Brave
Bull Breeders, U.C.T.L. (breeders, veterinary
surgeons), professionals and enthusiasts
who are learned about these subjects, have
seen all the elements which intuitively
correspond with the ideas of aggressiveness
and manageability, present in both syn-
thetic variables.

This study will enable new ways to
develop the difficult process of unders-
tanding the behaviour associated with
bravery, and therefore with breeding
selection. Finally, our ultimate goal is to
provide objective data and measurements
to help breeders to make the right decisions.

CONCLUSION

For the first time, it has been able to take
measurements in a reliable and valid way,
during a bullfight, of the variables asso-
ciated with brave behaviour. It has been
possible to analyse the information obtained
statistically and the results are acceptable
for breeders' and professionals' interests.
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