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Abstract — Body measurements (body length, thigh circumference, shank length and chest width)
of 311 rabbits representing three breeds, New Zealand White (NZW), Red Baladi (RB) and Black
Baladi (BB) purebreds were subject to factor analysis. The objectives of this study were (a) to disclose
the main sources of shared variability among body shape characters, (b) deduce the factors that
describe these traits, (c) quantify the breed differences in size and shape and (d) predict live weight
at marketing age from orthogonal body shape characters. Body conformation ‘shape’ appeared to be
controlled by common and unique factors. The communalities ranged from 0.80 for chest width to 0.99
for thigh circumference and uniqueness (special factors) made the balance. Compared with local
breeds (RB and BB), NZW had higher communality (proportion of variance for a variable that is shared
in common by other variables) for chest width and lower communality for thigh circumference and
body length. Our findings indicated that most of the common variability in NZW body dimensions
could be accounted for by factors representing general size and chest width. Corresponding factors
in RB were general size and shank length and those in BB were general size and thigh circumference.
Independent body shape characters derived from factor analysis accounted for 83.4%, 87.9% and
90.8% of the variation in live body weight in New Zealand White, Red Baladi and Black Baladi, respec-
tively.

New Zealand White rabbits / Egyptian rabbits / body dimensions / multicollinearity / factor
analysis / shared variability

Résumé— Sources de variabilitt commune parmi les caractéristiques du format corporel a I'age

de vente chez les lapins New Zealand White et deux races locales égyptienbes.mensura-

tions (longueur du corps, tour de cuisse, longueur de patte et largeur de poitrine) de 311 lapins issus
de trois races différentes : New Zealand White (NZW), Red Baladi (RB) et Black Baladi (BB) ont été
soumises a une analyse factorielle. Les objectifs de cette étude étaient (a) d'identifier les sources
principales de variabilité commune parmi les caractéristiques du format corporel, (b) de déterminer
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les facteurs qui décrivent ces caractéristiques, (c) d’évaluer les différences en taille et en format
entre les races et (d) de prévoir le poids vif a I'age de vente a partir des caractéristiques orthogonales
du format corporel. La conformation corporelle semble controlée par des facteurs communs et des
facteurs spécifiques. Les parts de variance dues aux facteurs communs sont comprises entre 0,80
(largeur de poitrine) et 0,99 (tour de cuisse) et les facteurs uniques (facteurs spécifiques) font le
complément. Comparés aux races locales (RB et BB), les NZWs ont une part de variance plus éle-
vée (proportion de variance pour une variable qui est commune a d’autres variables) pour la largeur
de poitrine et une part de variance inférieure pour le tour de cuisse et la longueur du corps. Nos
résultats indiquent que la majeure partie de la variabilité commune des dimensions corporelles des
NZWs peut étre expliquée par des facteurs représentant d'une part la taille et d’autre part la largeur
de poitrine. Les facteurs correspondants chez les RBs étaient la taille générale et la longueur de
patte, et ceux chez les BBs la taille générale et le tour de cuisse. Les caractéristiques du format cor-
porel dérivées de I'analyse factorielle comptent pour 83,4 %, 87,9 % et 90,8 % dans la variation du
poids vif chez les races New Zealand White, Red Baladi et Black Baladi, respectivement.

lapin New Zealand White / races locales égyptiennes / dimensions corporelles / multicollinéarité /
analyse factorielle / variabilité commun

INTRODUCTION Interrelationships among body dimen-
sions (conformation) and body weight of
Body measurements have been used ianimals of different breeds of rabbits treated
large animals to contrast variation in size2S Multivariates (simultaneously analysed)
and shape [5, 21, 22] and to estimate boghave not b_een mvgstlgated to any extent.
weight [21, 22]. The correlation betweenOne objective of this study was to investi-
body dimensions may be different if thesedate the hypothesis that relations involving
dimensions are treated as bivariate rathd20dy dimensions and body weight may be
than multivariate. Since body measurementdifferent by using orthogonal conformation
are interrelated both genetica”y and phetralts'denved from faC'tO'r anaIYSIS rather
notypically [3, 5, 8, 9, 10, 12, 21, 22], thethan intercorrelated original traits. A sec-
analysis of these traits should consider intelond objective was to disclose the main
dependence among these traits. The preSOUrceS of Shareq Varlablllty, and to d.educe
ence of linear relationships among the prefactors that deSC!'Ibe bOdy Conformatlon of
dictors is termed multicollinearity. A number New Zealand White and Egyptian local (Red
of studies have used factor analysis to elimBaladi and Black Baladi) breeds of rabbits.
inate redundancies from sets of interrelate
variables and to extract and identify covari-
ant variable sets that are statistically unre2. MATERIALS AND METHODS
lated [13, 21, 22, 23, 25]. Multicollinear
data analysis with multiple regression anc2.1 Source of data
allied technigues may limit the use of suck
analysis in inference and prediction [6]. One-hundred and seventy-six (81 male,
Independent factor scores derived from fac95 female) New Zealand White, 93 (46, 47)
tor analysis have been used advantageousRed Baladi and 42 (19, 23) Black Baladi
as predictors of total carcass muscle, fat arpurebred rabbits were used in this study.
bone and other performance traits [16, 1EThese animals were born over a 2-year
19, 20, 21] and as a selection criterion foperiod and represented progeny of 9 and
genetic improvement of muscle weight dis-40 NZW sires and dams, 8 and 13 RB sires
tribution [17]. and dams and 8 and 20 BB sires and dams.
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The animals were from the Experimental.4. Statistical analysis
Station, Sakha, Kafr EI-Sheikh, Animal
Production Research Institute, Ministry of

; The data were subject to a factor analy-
Agriculture, Egypt.

sis procedure [15]. The main source of
shared variation among the interdependence
2.2. Management of animals of body measurementp)(was expressed

in terms of fewer mutually uncorrelated

The kits were weaned at six weeks ofommon factors F1, F2 gRwhereq < p)

age by removing their mothers from rear.than the Orlg_lnal measurements [7] The first
ing cages. They were then sexed, tattoogl@ctor contained the greatest portion of the
and housed in groups of three individual®riginal variation and in a morphometric
in commercial rabbit growing cages. Theapplication of factor analysis, it was desig-
dimension of each cage was 40 (width) nated as a general size factor. Subsequent
45 (depth)x 30 (height) cm. All rabbits factors were mutually orthogonal to those
received feed and water ad libitum fromPreceding and to one another and contained
weaning to 12 weeks, the diet containedess variation.
approximately 16.3% crude protein, 13.2%

; X Th | i foll :
crude fiber, 2.5% fat and a metabolisable e model used is as follows

energy of 2600 kclg=L. All animals were X=AF+U
maintained under similar management con- _ . .
ditions. where X =a px 1 is a vector observational

variables;\ = a p x g a matrix of factor

loading ‘factor — variate correlations, the
2.3. Traits considered degree of correlation of the variable with

factor’ (the pattern matrix); Fagx 1 a

The body weight in grams and dimen-vector of factors (non-observable) and

sions in millimeters were recorded for eachU = a px 1 a vector of the specific ‘unique’
animal at 12 weeks of age (market age). Thiactor.
following live animal measurements were . :
considered: body length, horizontal distance 1€ total variance of a variable was
from the front point of the withers to the €gqual to unity and can be written as the sum
pinbone; thigh circumference, circumfer-Of common variance ‘communalities’ and
ence at the knee-cap (patella); shank lengi#ique variance ‘uniqueness’. The commu-
‘tarsometatarsus’, from the bottom of thenality represented the portion of the vari-
foot pad to the hock; chest width ‘transvers&?‘ble variance accounted for by all common
diameter of the thorax’, the greatest width of2ctors and the uniqueness, represented the
chest just behind the shoulders. Lengths al rion .Of the Va“*’?‘b'e variance not .ascnb-
width were measured with steel calipers ané le to its correlation with other variables.
circumference was measured with measur- - A pyild up stepwise multiple regression

ing tape. To ensure accuracy, each megyas ysed to predict body weight from the
surement was made twice and the mean Wagthogonal factor scores derived from factor
used in subsequent analysis. The same p&fpalysis. Attaining the 5% level of signifi-
son took all measurements and weightinggance was the predetermined criterion for
throughout, thus eliminating error due tOgntering the independent variables. Their
personal differences. sequence of retention followed a descending
The data from males and females wererder for the amount of variance explained.
combined since there were no significaniThe program terminated when the last inde-
differences between the sexes in the abov@endent variable entering the equation had
mentioned traits (untabulated). an insignificant regression coefficient.
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3. RESULTS AND DISCUSSION It is evident that body dimensions are more
reliable indexes of body size than body

3.1. Original ‘non-independent’ variables  weight. The flesh dimensions (thigh cir-
cumference and chest width) were more

Table I presents the means, standard dewariable (CV ranged from 12.4% to 15.9%)
ations and coefficient of variability for live than the skeletal dimensions (body length
weight and dimensions at 12 weeks of agand shank length) (CV ranged from 8.5%
for various breed groups. In NZW, the averi0 10.3%). Variations in body weight and
age body weight at 12 weeks was 1171 gheasurements in Red Baladi rabbits were
The corresponding value reported byhigher than corresponding variations in
Mgheni et al. [11] was 1180 g and thateither Black Baladi or New Zealand White.
reported by Balat et al. [2] was 1131 g. The
relatively low body weight in the present 2 Their relationship with each other
study as compared to the respective traﬁ' 'and live bod weFi) ht
found in temperate regions may have been y weig
due to unfavourable environmental factors,

such as temperature and food supply. Correlation coefficients among the orig-

inal interdependence body shape characters
Body weight varied more (CV ranged for various breeds at 12 weeks are given in

from 21.1% to 27.6%) than any of the meaTable Il. The magnitude of the correlation

surements (CV ranged from 8.5% to 15.9%)among the variables was similar for local

Table I. Means, standard deviations (SD) and coefficients of variation (CV %) for live body weights
and measurements of various rabbit breeds.

New Zealand White Red Baladi Black Baladi

Mean SD CV% Mean SD CV% Mean SD CV%

Body weight 11713 2634 225 1065.0 2943 276 11186 2358 21.1
Body length 2798 244 87 2735 282 103 2801 275 938
Thigh circumference 1116 144 129 1056 16.8 159 106.9 16.7 15.6
Shank length 105.2 89 85 104.6 9.0 86 105.4 92 87
Chest width 1341 166 124 1271 193 152 1305 188 144

Table Il. Coefficients of correlation between live body weights and body measurements of various
breeds of rabbits.

New Zealand White Red Baladi Black Baladi

BW BL TC SL BW BL TC SL BW BL TC SL

Body weight (BW)

Body length (BL) 0.811 0.863 0.862

Thigh circumference (TC) 0.840 0.692 0.887 0.806 0.843 0.652

Shank length (SL) 0.754 0.749 0.655 0.724 0.771 0.641 0.843 0.894 0.647

Chest width (CW) 0.752 0.621 0.713 0.581 0.870 0.783 0.887 0.656 0.832 0.778 0.649 0.764

All correlation coefficients were highly significar® € 0.01).
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(RB and BB) and NZW breeds. Body mea-91.6% of the variability of the original
surements were highly intercorrelated 4 variables, leaving 13 to 7.4% to the 4 ‘spe-
Blasco et al[3], Niedzwiadek [12] and cial’ factors (Tab. IIl). The first factor (FI)
Lukefahr and Ozimba [10] reported similar(‘general size’) was characterised by high
findings. Body weight was positively cor- positive loadings (factor — variate correla-
related with various dimensions, whereasions) on all body dimensions other than
thigh circumference (r = 0.846 for NZW and chest width in NZW, shank length in RB
r = 0.887 for RB) was found to have theand thigh circumference in BB (Tab. Il and
highest correlation with live body weight. Fig. 1). The coefficient associated with thigh
In Black Baladi, the highest correlation circumference dominated the first factor in
(0.894) was found between thigh circum-Red Baladi and is by itself a rather good
ference and body length. The correlation ostimator of general size. The correlation
body weight with body length and chestpetween this factor and thigh circumference
width in NZW was 0.811 and 0.752, respecin RB was higher than that in either NZW or
tively; corresponding values reported bygg \hile the correlation between first fac-
Ayyat et al. [1] were 0.620 and 0.369. Luke+,r ang hody length in BB was higher than
fahr and Ozimba [10] found a correlation Ofie ¢orresponding correlation in either NZW
0.57 between body weight and body lengthy, rp. This factor explained 25%, 79% and
In local breeds, the lowest correlation149 of the total phenotypic variance in thigh
(r=0.641 for RB and r = 0.647 for BB) was circumference and explained 69%, 47% and
found between thigh circumference andg194 of the total phenotypic variance body
Shan.k Iength, while in NZW, the lowest Cor'|ength in NZW, RB and BB, respective|y_
relation (0.581) was found between chesthe first factor ‘general size’ accounted for

width and shank length (Tab. II). 75% of the variance in NZW, for 80% in
BB and for 81% in the Red Baladi. Ricard

3.3. Varimax rotated ‘independent’ and Rouvier [14] used a principal compo-
factors. ‘Their interpretation’ nent analysis in examining the covariance

structure of nine linear body shape charac-
Two common factors have been identiters. The population consisted of 150 Cor-
fied, which contributed for from 87.0% to nish cockerels of 59 days of age. They found

Table lll. Explained variation associated with rotated factor analysis along with communalities for
each variables. Correlation between factor score coefficients and original variables in various rabbit

breeds.

New Zealand White Red Baladi Black Baladi

Common factors Common factors Common factors

1 2 communality 1 2 communality 1 2 communality
Body length 0.828 0.412 0.855 0.684 0.641 0.878 0.898 0.335 0.918
Thigh circumference 0.502 0.756 0.824 0.891 0.346 0.914 0.369 0.927 0.995
Shank length 0.890 0.311 0.889 0.343 0.925 0.974 0.896 0.328 0.910
Chest width 0.294 0.909 0.913 0.874 0.364 0.897 0.795 0.416 0.807
% of total variance 752 11.8 81.2 104 80.0 10.7
Description General Chest General Shank General Thigh

size  width size  length size circumference
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Figure 1. Correlations
between factor score coef-
ficients and original shape
characters in the three
breed of rabbits.

that the first principal component ‘generalilar in the three breeds. This factor accounted
size’ accounted for 59% of the variationfor a further 11.8% of the variance in NZW,
among body shape characters. This comp@-0.4% in RB and 10.7% in Black Baladi.
nent was best represented by trunk lengthn NZW this factor had high loadings for
shank length and leg length. In large anichest width and thigh circumference, while
mals, Shahin et al. [21] used factor analysith RB, it had high loadings for shank length
to deduce the factors that control body shapgnd body length. In BB, it had a high load-
characters. Four-hundred and sixty thregg for thigh circumference. It is worth men-
young growing Egyptian buffalo bulls were tioning that, in NZW, the correlation of chest
involved. The first ‘general size’ factor wasidih and the second factor was approxi-
characterised by high positive loadings on alnately 2.9 times the magnitude of the cor-
body shape characters; the variables assgsiation with shank length. While in Red Bal-
ciated with body length had the highest loadagi, the correlation of shank length and the
ing, followed by heart girth and abdominalgecond factor was approximately 2.7 times
girth. This factor accounted for 75% of theyhe magnitude of the correlation with thigh
variation in the 13 original body shape chargjrcumference. In Black Baladi, the corre-

acters. lation of thigh circumference and the sec-
The subsequent factor which was mutuend factor was approximately 2.8 times the
ally orthogonal to the first, presented patimagnitude of the correlation with shank
terns of variation independent of generalength. This factor could be called a chest
size (multicollinearity was no longer pre- width factor in NZW, a shank length factor
sent). The second factor (FII) was not simin Red Baladi and a thigh circumference
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factor in Black Baladi. It is of interest to to 0.91 for chest width, while in BB, the
note that 83% of the variation in chest widthcommunalities ranged from 0.81 for chest
in NZW, 86% of the variation in shank width to 0.99 for thigh circumference. For
length in RB and 86% of the variation inRB, the lowest (0.88) and highest (0.97)
thigh circumference in Black Baladi are communalities were found for body length
accounted for by the second factor. It is noaind shank length, respectively.

known whether the difference between local |, NZW thigh circumference (flesh
and NZW breeds is related to the way thgjimension) had the lowest communality
weight is distributed over the body, to bodyyith greatest uniqueness. About 82% of the
conformation, to special breed characterisyariation in thigh circumference was brought
tics peculiar to local breeds or to other facy ot by common factors, whereas 18% of
tors. Tanner and Burt [24] re-analysed theis yariation was contributed by a unique
rabbit measurements of Wright [26] by fac-tactor, specific for this trait. It is worth not-
tor analysis to identify general vs. localing that in Black Baladi, thigh circumfer-
growth factors controlling size in different gnce had the highest communality with
rabbit populations. They found a basic facnalest uniqueness. In Red Baladi, shank

tor ‘general size’ and found that factors forength (skeletal dimension) had the highest
head and limbs controlled these traits. Theﬁommunality with the smallest uniqueness

found that the contribution of limb factor of its own. About 97% of the variation in

to total variance varied with breed; it wasghank length was brought about by com-
3.6%, 18.1% and 6.7% for F1 Black-Tanm o factors, whereas 3% of the variation

Polishx Polish, F1 Polisk Flemish Giant 55 contributed by a unique factor specific
and F2 Polisk Flemish Giant, respectively. tq, shank length.

~ Inbrief, most of the common variability |t js interesting to note that, the commu-
in body shape characters in New Zealan@ality for body length and thigh circumfer-
White could be accounted for by factors repence in Black Baladi was higher than that in
resenting general size and chest width. ColRed Baladi, which in turn was higher than
responding factors in Red Baladi were genthat in New Zealand White (Fig. 2). The
eral size and shank length and in Blackanking of breeds for chest width commu-
Baladi, general size and thigh circumfer-najity was as follows: NZW ranked first fol-
ence. lowed by RB and then BB (Fig. 2). Tanner
and Burt [24] found that the communalities
- in mature Ayrshire cows ranged from 0.37
3.4. Shared variability for width of chest to 0.89 for chest circum-
. . ference. Shahin et al. [21] working with
Table Il lists the communalities for var- Egyptian buffalo bulls found that the com-
ious variables. The variance of a variablenunalities for skeletal dimensions (heights at
was partitioned into a common portionyjithers and hips) were much higher than for
‘communality’ shared with some or all of flesh dimensions (rump width).
the other variables and a ‘uniqueness’ por-
tion, unique to that particular variable and
not shared with any other variable. The3.5. The use of non-independent body
results indicated that 81% to 99% of the ~ measurements and their independent
variation in conformation traits were brought factor score to predict live body
about by common factors, whereas 1t0 19%  weight
of their variation were contributed by unique
factors specific for each trait. The commu- In large animals (cattle, buffalo) heart
nalities for conformation traits in NZW girth is frequently used as a measure of body
ranged from 0.82 for thigh circumferencesize. In poultry, shank length is commonly
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Figure 2. Values of communalities for original shape characters in New Zealand White, Red Baladi
and Black Baladi.

used as a measure of body size and in the The interdependent conformation char-
pigeon, keel length is a good means of meacters in one analysis and their independent
suring body size. In the present study witlrotated factors in a second analysis were
rabbits, other body dimensions such as thighsed as independent variables in a multiple
circumference and body length can be us@egression equation to predict live body
ful as measures (estimators) of body sizeweight. The parameter estimates, standard
The usefulness of live body measurementgrrors, R and residual standard deviation
as predictors of carcass composition angre given in Table IV.

carcass merit have been investigated by

Bochno et al. [4], Lukefahr and Ozimba [10]  The results for regression analysis for
and El-Mahdy [8]. predicting live body weight from the
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4 interdependent body measurements Similarly, for Red Baladi, the results
showed that in NZW, thigh circumferenceshowed that thigh circumference alone
alone accounted for 71.5% of the variability inaccounted for 78.7% of the variation in live
live body weight and the residual standardveight and the residual standard deviation
deviation of the estimate was 141 g (Tab. IV)was 136 g. The proportion of variance
The proportion of explained varianceexplained increased from 85% to 88% and
increased from 81.3% to 83.2% when bodyhe residual standard deviation of the esti-
length and chest width were added and thmate decreased from 115 to 105 g when
residual standard deviation of the estimatéody length, chest width and shank length
was then 109 g. were added (Tab. IV).

Table IV. Stepwise multiple regression of live body weight (g) on original body measurements and
on their orthogonal traits in various rabbit breeds.

Independent Residual
variables Regression standard
Step (predictors) Intercept  coefficient SE R deviation
New Zealand White
(i) Original body measurements as independent variables
1 Thigh circumference -555.70 15.48 0.74 0.715 140.95
2 Thigh circumference —1250.05 9.98 0.83 0.813 114.47
Body length 4.67 0.49
3 Thigh circumference -1307.52 7.95 0.91 0.832 108.76
Body length 4.14 0.48
Chest width 3.24 0.73
4 Thigh circumference —-1437.83 7.34 0.91 0.832 105.82
Body length 3.21 0.55
Chest width 3.01 0.71
Shank length 4.63 1.42
(i) Their orthogonal traits as independent variables
1 FC2 1171.31 170.52 15.22 0.419 201.31
2 FC2 1171.31 170.52 8.17 0.834 108.03
FC1 169.59 8.17
Red Baladi
(i) Original body measurements as independent variables
1 Thigh circumference -580.36 15.57 0.85 0.787 136.49
2 Thigh circumference -1156.58 9.59 1.21 0.850 115.24
Body length 4.42 0.72
3 Thigh circumference -1142.15 6.47 1.32 0.876 105.34
Body length 3.37 0.70
Chest width 4.73 1.09
4 Thigh circumference -1253.04 6.52 1.31 0.879 104.61
Body length 2.75 0.81
Chest width 4.53 1.09

Shank length 2.89 1.93
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Table IV. (Continued).

Independent Residual
variables Regression standard
Step (predictors) Intercept  coefficient SE R deviation

(ii) Their orthogonal traits as independent variables

1 FC2 1065.00 235.76 18.47 0.642 177.12
2 FC2 1065.00 235.76 10.81 0.879 103.64
FC1 143.25 10.81
Black Baladi
(i) Original body measurements as independent variables
1 Body length —952.29 7.39 0.69 0.744 120.93
2 Body length —905.76 4.66 0.63 0.881 83.58
Thigh circumference 6.91 1.04
3 Body length —869.72 3.30 0.72 0.904 75.82
Thigh circumference 6.02 0.98
Chest width 3.22 1.05
(ii) Their orthogonal traits as independent variables
1 FC1 1118.57 170.02 25.84 0.520 165.48
2 FC1 1118.57 170.02 11.49 0.908 73.54
FC2 146.88 11.49

Each variable added for each equation added an anf®ar.05) of explained variance.

For Black Baladi, body length seems table estimates of regression coefficients, ren-
be the major trait in determining live weight.dering the estimation of unique effects of
The results of regression analysis for prethese predictors impossible.

dicting live weight from body dimensions  Tne results of a stepwise multiple regres-
showed that body length alone accountedion of Jive body weight on independent
for 74.4% of the variation in live body body shape characters (Tab. V) showed
weight and the residual standard deviatiognat the first and second independent con-
was 121 g. Rwas progressively improved tormation traits derived from factor analysis
to 0.90 and the residual standard deviatiogccounted for 83.4%, 87.9% and 90.8% of
reduced to 76 g when thigh circumferencene variation in live body weight in NZW,
and chest width were added (Tab. IV).  RB and BB, respectively. The final regres-
These results indicate that live bodysion equation for estimating live weight
weight can be predicted with a fair degree ofrom independent factor scores for each of
accuracy from thigh circumference and bodyhe three breeds is:
length; as much as 83%, 85% and 88% ofz\v: Live body weight (g) =

the variation in live body weight in NZW, 1171.31 + 169.59 FCI| + 170.52 FClI
RB and BB, respectively was accounted fokB: Live body weight (g) =

by these traits. However, the use of inter:

dependent explanatory variables should be ~ 1065.00 +235.76 FCI + 143.22 FCII
treated with caution, since multicollinear-BB: Live body weight (g) =

ity was shown to be associated with unsta- 1118.57 + 170.02 FCI + 146.88 FCII.
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In conclusion, the factor analysis tech-[11]
nique explores the interdependence in the
original 4 body shape characters by
analysing them simultaneously rather tham2]
individually. The use of orthogonal body
shape characters derived from factor analy-
sis was more appropriate than the use of theg)
original interrelated traits for predicting live
body weight. Multicollinearity of two or
more independent variables makes the esti-
mation of the unique effects of such vari-[14]
ables impossible and thus, could lead to false
inference.

[15]
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