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SUMMARY

Data of eleven body measurements and eight body conformation indices on 280
purebred Arabian horses ranging from 1 month to 298 months old. These horses
were progeny of 60 stallions and 176 mars.

A multiple trait animal model was used to estimate heritability genetic and
phenotypic correlations for the measurements and indices under investigation.

Heritability estimates were 0.35, 0.51, 0.53, 0.33, 0.27, 0.29, 0.28 0.22, 0.14, 0.18
and 0.55 for neck girth, chest girth, fore cannon bone circumference , hind cannon
bone circumference , back line length, body length, chest width, croup width, chest
depth, wither height and croup height, respectively. For body conformation indices,
heritability estimates were 0.11, 0.09, 0.15, 0.23, 0.27, 0.29, 0.16 and 0.25 for
format, compactness, rib cage, chest depth, chest girth, boniness, body length and
height, respectively.

Genetic correlation coefficients between body measurements were all positive,
and ranged from 0.12 to 0.96, except that between the chest depth and body length (-
0.03). Genetic correlation coefficients between body conformation indices were low
to moderate and some were negative. Phenotypic correlation coefficients for body
measurements were all positive and ranged from 0.08 to 0.86. For conformation
indices, some of the estimates were positive and some others were negative.

Therefore, body measurements and/or body conformation indices can be
efficiently used to accomplish certain breeding program goals that are related to
body measurements and conformation of the Arabian horse.
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INTRODUCTION

Conformation traits play an important role in horse breeding because they are
associated with desirable characterization and performance traits of the animals.
Several Arabian horse shows for studbook judging and evaluation are arranged yearly
in Egypt. Poor soundness related to defects in conformation is an obvious reason for
low grade and poor performance of the horses. Good conformation and movements
are important factors for horses to fetch high prices ( Saastamoinen et al., 1991). The
body conformation is useful in evaluating and comparing breeds (Lawrence, 2001
and Meadows, 2003). Beauty of horses and their athletic performance are affected by
their body conformation. (Evans, 2000; Lawrence, 2001; Parker, 2002 and Meadows,
2003). Iriarte-Diaz (2002) stated that body indices were good scale for body
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conformation and as selection criteria. Part of the beauty of the Arabian horse
depends on its body conformation, body measurements and the relationships between
these measurements.

To the author’s knowledge, there are no studies on estimating genetic parameters
for body measurements and conformation traits of the Arabian horse breed in Egypt.
Knowledge of genetic components associated with conformation would allow the
design of breeding programs for the breed.

The aim of the present work was to estimate genetic and phenotypic parameters
for eleven body measurements and eight body indices for conformation of the pure
Arabian horse in Egypt.

MATERIAL AND METHODS

Data were collected on 11 body measurements on 280 pure-bred registered
Arabian horses from the Alzahraa stud, the largest stud of registered Arabian horses
in Egypt. The stud is a member of the World Arabian Horse Organization (WAHO,
2004). The horses were 95 males ( 43 stallions and 53 colts) and 185 females (123
mares and 61 fillies). These hoses were the progeny of 60 sires and 176 dams and the
age of the horses the time of measurement ranged from 1 to 298 months. Therefore,
when age was considered in the statistical analysis, horses were classified into 20 age
groups of 6 months interval. One group included horses over 10 years old to avoid
disconnectedness in the data.

Horses are raised in a closed herd. They are fed roughage and concentrate
supplemented with minerals and vitamins. Roughage is fed ad lib in group feeding
and consists of alfalfa hay or Egyptian clover, Trifolium alexandrinum, hay. Barley is
fed as a concentrate source with mineral and vitamin supplements. The concentrate
mixture is offered individually three times a day. Water is available all day. The
horses were given regular daily exercise.

As shown on figures 1, 2 and 3, eleven body measurements (in cm) were taken:

1- The neck girth, i.e. girth of the neck at the area of attachment between the neck
and breast;

2- chest girth, i.e. circumference around the chest behind the front legs;

3- fore cannon circumference, i.e. girth of the fore cannon bone at the middle point of
its length;

4- hind cannon circumference, i.e. girth of the hind cannon bone at the middle point
of its length;

5- back line length, i.e. length from the pin bone to the highest point of the withers;

6- body length, i.e. the distance from the shoulder to the point of the tuber ischium
with a sloping line;

7- wither height, i.e. distance from highest point of wither to the ground;

8- croup height, i.e. distance from the highest point of croup, tuber sacral, to ground;

9- chest depth , i.e. distance from the highest dorsal point of chest to the sternum

(parallel point at the chest floor);

10- chest width, i.e. distance from the middle point of the front part of chest to the
same point on the opposite side;

11- croup width, i.e. the distance from the tuber sacral of hip from one side to same
point on the opposite side.
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Figure 1. Girth measurements
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Figure 2. Linear measurements of lengths and heights
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Figure 3. Linear measurements of widths and chest depth

All measurements were taken on the left side of the horse while it was standing
on flat ground with all feet on the ground and legs parallel. Circumference
measurements were taken using a tape measure while the other measures were taken
with a specially designed caliper.

Horses were evaluated for eight body conformation indices according to Pietrazak
an Wojciechowski (1992) and Alagic et al., (2002). These indices were:

(1) Format index = (body length /wither height) X 100.

This index can provide a good idea about the coordination among body parts and
gives an idea about the general form.

(2) Compactness = (chest girth / body length) X 100.

This index gives information on the degree of compactness of the trunk and the
coordination between body girth and length.

(3) Rib cage index = (chest width/chest depth) X 100.

It is a scale indicating the chest volume and it could reflect the respiratory capacity of
the chest.
(4) Chest depth index = (chest depth / wither height) X 100.
It can measure the height of chest, height of legs and the degree of chest depth in
comparison to the height of horse. The length of the legs, in general should
preferably not be the same as the chest depth (Evans, 2000, Parker, 2002 and
Meadows, 2003).
(5) Chest girth index = (chest girth / wither height) X 100.
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This index expresses the volume of the chest in comparison with the general height of
the horse.

(6) Boniness index = (fore cannon circumference / wither height) 100.

This relates the thickness of the horse’s bones compared with its height and can
reflect the capacity of the horse in all gaits, jumping and in carrying a rider while
remaining well balanced.

(7) Body length index = (body length / back line length) X 100.

Loch et al. (2000), Parker (2002) and Meadows (2003) reported that the back line
length should be shorter than underline length. It increases the height and length of
stride and leads to a good athletic ability.

(8) Height index = (wither height /croup height) X 100.

The ratio between wither height and croup heights could give an idea about the
balance between these two heights. Evans (2000) and Meadows (2003) reported that
a properly balanced horse will be higher at the wither than at the croup. When wither
height is higher than croup height, the hindquarters are positioned more under the
body, which enhances the athletic ability of the horse.

Data for the eleven body measurements and eight indices were analyzed
separately using the following animal model by utilizing the multiple-trait derivative
free restricted maximum likelihood (DFREML) programs (Meyer, 1998):

y=Xb+Za +e
where:
y is a vector of observations of the eleven body measurements or the eight indices;
b is a vector of fixed effects (sex, 2 levels, and age in months, 21 levels);
a is a vector of random additive direct genetic effects;
¢ is a vector of random residual effects; and
X and Z are known incidence matrices relating observations to the respective fixed
and random effects with Z augmented with columns of zeros for animals without
records.
The first and the second moments of the model were assumed to be:
E(y) = Xb, E(a) = E(e) = 0;

ai A® Jai 0
V = 5
ei 0 h®o;

A is the additive numerator relationship matrix for horses. The full pedigree of all
horses were available. J is a matrix of 1’s of order 11x11 or 8x8. I, is an identity

matrix of order equal the number of horses (n). Symbol ® means the direct product
of two matrices. Subscript i refers to the eleven measurements or the eight indices.

RESULTS AND DISCUSSIONS

Means, minimum, maximum, standard error and coefficient of variation for each
of the eleven body measurements and the eight conformation indices are presented in
tables 1 and 2, respectively. The results showed that there were high variation in the
data for chest width, croup width, neck girth, chest depth, chest girth and back line
length. However, there was low variation in the other measurements. The rib cage
index showed higher variation than other indices.
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Table 1. Descriptive statistics of the eleven studied measurements (cm, N = 280)

Measure Minimum Maximum Mean SE CV%
Age (months) 1 298 83.5 433 86.8
Neck girth 62 130 104.6 071 114
Chest girth 102 193 166.6 1.00 10.7
Cannon bone circumference

(fore leg) 14 22 19.3 0.07 6.9
Cannon bone circumference (hind leg) 14 22 183 0.07 6.4
Back line length 62 115 99.7 0.57 9.6
Body length 90 158 1399 0.74 89
Chest width 23 58 42.1 036 14.6
Croup width 26 57 478 034 122
Chest depth 39 74 649 043 11.1
Wither height 110 157 144.6 0.53 6.2
Croup height 111 157 145.0 0.50 5.8

Table 2. Descriptive statistics of the eight studied indices (in percent, N = 280)

Index Minimum Maximum Mean SE CV%
Format index 80.0 105.0 96.6 0.27 4.7
Compactness index 80.7 135.6 119.0 032 4.6
Rib cage index 50.0 90.2 649 036 95
Chest depth index 35.1 50.4 448 0.17 64
Chest girth index 81.3 132.9 1149 042 6.2
Boniness index 10.7 14.1 12.4 0.03 4.5
Body length index 120.0 161.3 140.8 034 4.1
Height index 95.3 104.9 99.8 0.08 1.4
Heritability

It is well known that the estimates of heritability vary according to the size of
data, model and method of analysis. In addition, the available reports in the literature
deal with different horse breeds. Therefore, it was impractical to compare the results
of the present work with that reported in the literature. However, this comparison
could be legitimate from the standpoint of showing trends of the estimates.

Tables 3 shows heritability estimates for the eleven studied body measurements.
These estimates ranged from low, less than 0.2 or medium, more than 0.2 to less than
0.3, to high, over 0.3. For body measurements, the lowest heritability was for the
chest depth, 0.14, while the highest estimate was for croup height, 0.55. Costa et
al.(1997) reported heritability of 0.52 in the Brasileira pony breed. In the
thoroughbred horse, Fedorski and Pikuta (1987) reported heritability of 0.28, 0.44
and 0.12 for wither height, chest girth and fore cannon circumference, respectively.
In the present study, these estimates were 0.18, 0.51 and 0.53 for the same
measurements, respectively. Miserani et al. (2002) investigating the pantaneiro horse,
and Sasstamoinen et al. (1991), investigating the Finn horse, reported higher
heritability estimates for all measurements than those recorded in the present work.
Molina et al. (1999) reported moderate to high (0.35 to 0.95) heritability estimates
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for body measurements in the Andalusian horse. In the Haflinger horse, Samore et al.
(1997) reported heritability estimates from 0.02 to 0.53 for body measurements.
These were somewhat higher than those reported by Koenen et al. (1995) in the
Dutch warm-blood riding horse. It can be noticed that the tendency in most cases is
towards medium to high heritability while individual values within breeds vary
greatly due to different selection criteria and management systems.

Table 3. Heritability estimates (diagonal and underlined), genetic correlations
(below diagonal), phenotypic correlations (above diagonal) among the eleven
body measurements

Neck Chest Fore Hind Back Body  Chest Croup Chest Wither Croup
girth  girth  cannon cannon line length  width width  depth height height

Measure cerc. cerc. length

Neck 035  0.69 0.48 0.53 0.30 0.26 0.33 0.49 0.62 0.54 0.39
girth

Chest 089  0.51 0.49 0.51 0.34 0.25 0.35 0.52 0.64 0.59 0.59
girth

Fore 082 0.73 0.53 0.86 0.37 0.29 0.48 0.54 0.24 0.49 0.61
cannon

cerc.

Hind 089  0.85 0.93 0.33 0.31 0.28 0.47 0.53 0.29 0.51 0.53

cannon
cerc.

Back 0.31 0.16 0.57 0.28 0.27 0.64 0.37 0.39 0.26 0.41 0.35
line

length

Body 022 0.06 0.65 0.32 0.77 0.29 0.33 0.33 0.18 0.29 0.25
length

Chest 0.66  0.72 0.67 0.64 0.12 0.44 0.28 0.53 0.08 0.36 0.42
width

Croup 087 095 0.88 0.94 0.32 0.26 0.67 0.22 0.35 0.61 0.54
width

Chest 096  0.87 0.67 0.82 0.19 -0.03 047 0.81 0.14 0.58 0.28
depth

Wither 089 0.77 0.77 0.81 0.53 0.20 0.31 0.82 091 0.18 0.51
height

Croup 0.69  0.83 0.84 0.77 0.45 0.50 0.81 0.89 0.54 0.59 0.55
height

Table 4. shows heritability estimates for the eight body conformation indices.
These estimates ranged from 0.09 to 0.29 for compactness and boniness, respectively.
Most of the heritability estimates of body conformation indices that were suggested
to be related to the athletic ability of a horse such as boniness, chest girth and height
indices were medium (0.29, 0.27 and 0.25, respectively).
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Table 4. Heritability estimates (diagonal and uderlined), genetic correlations
(below diagonal), phenotypic correlations (above diagonal) among the eight
conformation indices

Format ~ Compactness Rib Chest  Chest  Boniness Body  Height

Index cage depth girth length

Format 0.11 -0.15 0.14 0.35 0.37 0.18 0.51 -0.18
Compactness 0.63 0.09 0.29 0.15 0.66 0.07 -0.25 -0.07
Rib cage 0.34 0.43 0.15 -0.21 0.42 0.17 0.23 -0.12
Chest depth 0.61 0.52 -0.35 0.23 0.44 0.09 0.14 -0.03
Chest girth 0.89 0.92 0.43 0.62 0.27 0.22 0.18 -0.21
Boniness -0.21 -0.54 -022  -0.16  -043 0.29 -0.07 -0.10
Body length 0.41 0.07 0.40 0.17 0.24 -0.32 0.16 0.02
Height -0.28 -0.11 -0.23 0.29 -0.23 0.37 0.17 0.25

Genetic and phenotypic correlations

Table 3 presents estimates of genetic and phenotypic correlations between
different body measurements. For body measurements, genetic correlations were all
positive except the genetic correlation between chest depth and body length with a
value of -0.03. Other genetic correlations ranged from 0.12 to 0.96 between chest
width and back line length and between chest depth and neck girth, respectively.
Most of the genetic correlations between body measurements were found to be high.
In the Brazilian Pony breed, genetic correlation varied between 0.32 to 1.0 (Costa et
al., 1997), the lowest between back line length and chest width while the highest was
between neck width and body length. Molina et al. (1999) reported that the genetic
correlations between body measurements within the Andalusian horse were all
positive and ranged between 0.11 and 0.94. These high correlations may be due to
the same genes acting on these measurements but more likely are due to the low
coefficient of variation for these measures (table 1). All phenotypic correlations
among body measurements were positive with less magnitude than the genetic
correlation.

Genetic and phenotypic correlations between body conformation indices are
shown in table 4. Some correlations coefficients were positive while some others
were negative. The highest positive correlation (0.92) was between chest girt index
and compactness index while the lowest positive correlation (0.07) was between
body length index and compactness index. The lowest negative correlation (-0.43)
was between chest girth index and boniness index. Molina et al., reported that the
genetic correlations among body conformation scores within the Andalusian horse
were all positive and ranged between 0.12 and 0.91. Some phenotypic correlations
between indices were positive while some others were negative but with less
magnitude than the genetic correlations.

CONCLUSION

In Arabian horses, heritability estimates found in this investigation for body
measurements were moderate to high, varying from 0.22 to 0.55 for most
measurements except chest depth and wither height, meaning that these
measurements may respond to a mass selection of varying degrees. For body
conformation indices, estimates were low to medium. Most of the genetic
correlations among body measurements were positively high. For body conformation
indices, some genetic correlations estimates were positive while others were
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negative. Selection for certain body measures or conformation depends on the
objectives of selection.

REFERENCES

Alagic, D., J. Seles, I. Seles, M. Mestrovic, 2002. Body measures and indices of the
Holstein horses reared in Krizevci. Acta Agraria Kaposvariensis. 6(2):125-130.
Costa, M.D., J. A. G. Bergman, C. S. Pereira, C. G. Fonseca and A. S. C. Rezende,
1997. Estimation of genetic parameters of conformation traits in the Brasileira

pony breed. Arg. Bras. Med. Vet. Zoot., 49:251-259.

Evans, J. W. 2000. A Guide To Selection, Care And Enjoyment. W. H. Freeman and
company. New York, 3" ed. pp 62-80.

Fedorski, J and R. Pikuta 1987. Hritability of some body conformation traits in the
thorughtbred horse. Anim. Sci. Papers and Reports. 3:53-59.

Iriarte-Diaz, J., 2002. Differential scaling of locomotor performance in small and
large terrestrial mammals. J. Exp.Biology 205: 2897-2908.

Koenen, E. P. C., E. W. Brascamp and A. E. Van-Veldhuizen, 1995. Genetic
parameters of linear scored conformation traits and their relation to dressage and
show-jumping performance in the Dutch Warmblood riding horse population.
Livestock Prod. Sci. 43:85-94.

Lawrence, L.A., 2001. Horse conformation analysis. Washington State University.
Cooperative Extension .EB1613.pp1-7.

Loch, W., M. Bradley and W. H. Slemp, 2000. Fundamentals of conformation and
horse Judging. Available online at http://www.horses-arizona.com/pages/
articles/conformation.html.

Meadows, D.G., 2003. Evaluating conformation of horses. Agricultural Extension
Service .The University of Tennessee . TNH 6001. pp 6001.1-6001.7.

Miserani, M.G., C. McManus, S. A. Santos, J. A. Silva, A. S. Mariante, U. G. P.
Abreu, M. C. Mazza and J. R. B. Sereno, 2002. Variance analysis for biometric
measures of the Pantaneiro horses in Barazil. Arch. Zootec. 51: 113-120.

Meyer, K., 1998. DF-REML program, version 3-a. http://www.agbu.une.edu.au/
kmeyer/dfreml.html.

Molina, A., M. Valera, R. Dos Santos and A. Rodero, 1999. Genetic parameters of
morphfunctional traits in Andalusian horse. Livestock Prod. Sci. 60:295-303.

Parker, R., 2002. Equine Science . Thomson Delmar Learning 2™ ed. pp 188-206.

Saastamoinen, M. T., M. Suontama and M. Ojala. 1991. Heritability of conformation
traits and their relationships to racing performance in the Finnhorse trotter. Acta
Agric. Scand. 41: 137-145.

Samore, B., G. Pagnacco and F. Miglior, 1997. Genetic parameters and breeding
values for linear type traits in the Haflinger horse. Livestock Prod. Sci. 52:105-
111.

WAHO, 2004. World Arabian horse organization. Available online at
http://www.waho.org/Reports/Egypt.html.

Pietrzak, S and J. Wojciechowski, 1992. Comparative biometric characteristics of
Polish primitive horse (PPH) from the main breeding centres. Animal Science
Papers and Reports, Polish Academy of Science, Institute of Genetics and Animal
Breeding Jastrzebiec. 8: 71-84.




162 M. H. Sadek et al.

A ad) J o) (B Al 9T g avad) (il 4 pgdial g 450 ) g0 allaall s

Gila . daaa
S REN 11241 ool (Filda (68 o @ s uadi iuL) ;iﬁbﬂ/ “Q.K fg—f/j:n-” GLUY/M
HlA

Ak 60 il (Jual (e Jhas 280 2aad auall (S A 8 5 Liaa Lulia ] iy lla
Al 4 jall gall o) a3l Aaadd dali ¢ 5k 208 a5 el o W leel Cn ) 55 <ol 170

Goekaall s 5l Bl Y)Y O laay sl (Kl il i) saxie o saad) 23 el aadial
Al Jae oY1 antaall

<0.18 <0.14 <0.22 <0.28 <0.29 <0.27 <0.33 <0.53 <0.51 <0.35 S5l (Al 2l a8 S
i Jb Alall adaall dakie delel) ghadl dabie ¢ uall hse 85 dama aliad @lldg 055
il e oSl g i)l el g i)l anall Bee (JiSI) (i se aall e canadl sk ¢ ekl
0.25 <0.16 <0.29 <0.27 <0.23 <0.15 ¢0.09 ¢0.11 pusall 0355 Y 1) sl (A il oy il
e iy (Jshll ddlaill O uall e O uall Gee ognall Gadll eyl (JE) A
i Al

alae 6l 0.96 A1 0.12 C i g) 55 dm 5 Lmpan 150 ol Y1 el &l s il
Aol o Josl Bla )Y @leles . (<0.12) OIS @A) Jaall Jshay saall Bas o Sl Bl
Ll DAY Gandl 5 U sa Lgwamy (1S 5 Aans siall 5 Aumiiiall (g Lo in ) i sl (055

Ll 0.86 I 0.08 Amse lonen CulS pnall Gulie G (g elaall Lol Y CBlalae il 0
Ll Y () g L g Ly (S8 il (0 685 A1 (5 pedaall Lol ;Y i alae 0l 05

IS5 Aai je Aime Ay 50 i Cilaal (38a1) 50U Lgaladins) (e 43y o5 Aol 5 sl i (8 (5 (005
gl ghasll Galia g



