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ABSTRACT

The study aimed at describing objectively the bependence among the biometric traits and to ptelolacly
weight from their orthogonal body shape charactesig principal component factor analysis. Bodygheiand ten
biometric variables namely body length, height #&her, thigh circumference, shoulder to tail dragar length,
heart girth, tail length, length of front and baldg and nose to shoulder were measured on eight wieel104 K
progeny Hyla rabbits of two genetic groups (NZWXNgWvebred and NZWXCAL crossbred rabbits). General
linear model and principal component analysis prhae of statistical analysis system (S.A.S 9.0) wsed to
compute the variations between the two breeds. Ra&e correlations between bodyweight and biometaés
were positive and highly associated (r = 0.60-009®2-0.94; P<0.01) for Hyla purebred and crossbrabbits. In
the factor solution of the principal component as#, with varimax rotation of the transformatidmo factors
were identified for the first genetic group anddérfactors for the second genetic group (ratioafance = 83.97
and 89.88% for NZWXCAL crossbred and NZWXNZW patkkabbits respectively). The first factor in eacse
accounted for the greatest percentage of the tealation, and was termed general size. The sule®giactors
(indices of body shape) presented patterns of tiaridndependent of general size. The principal gonent based
regression models, which are preferable for sehgctanimals for optimal balance, accounted for 88%stlee
variation in the body weight for both Hyla purebradd crossbred rabbits respectively.
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INTRODUCTION
Rabbits can be considered as one of the severakspguite suitable for meat production. They draracterized by

quality protein (20 - 21%) with high biological we amino acids, meat low in calories and fat, ficalcy, short
gestation length, initial capital outlay is minimgreat genetic flexibility, lipids are highly unsaated (60% of the
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total fatty acids), valuable animal model for biatival research, low sodium and cholesterol level &nis
considered a delicacy for health food products [1].

Breed characterization of livestock is the firspagach to a sustainable use of its animal genetiource [2]. The
first knowledge of the characterization of localngtic resources falls on the knowledge of the variaof
morphological traits [3]. Morphometric measuremehts/e been found useful in contrasting size angbestcd
animals [4]. However, correlations between linbady measurements are modeled as bivariates réther
multivariates. This is because of the interrelagésgdnor lack of orthogonality (collinearity) of tliedependent
variables which increase the noise of the varialllesaddress this instability, multivariate anasysf data sets such
as the use of principal component factor technlip@mmes imperative.

Principal components are a weighted linear comlmnadf correlated variables, explaining a maximaloant of
variance of the variables [5].This aids in datauibn, and breaks multicollinearity which may leada wrong
inference. In spite of the rich genetic resourceeban imported Hyla rabbits, there is dearth obrimfation on its
characterization using multivariate analysis. Tfares the present study aimed at describing objelgtibody shape
of imported Hyla rabbits using principal componfattor analysis.

Hypothesis
H, = Relationships involving body measurements and/beeight may be different when orthogonal confotiorat
traits derived from the factor analysis are usetkiad of the inter-correlated original traits.

H, = Relationships involving body measurements andybagight may not be different when orthogonal
conformation traits derived from the factor anayaie used instead of the inter-correlated orighnadtis.

MATERIALSAND METHODS

L ocation of Study and Animals
The study was carried out at the Rabbitry of Natioanimal Production Research Institute (NAPRI) KghiZaria,
Kaduna State. The rabbitry lies betweeA1II 42 N and 733’ 14 E at an altitude of 691m above sea level [6].

Experimental Animals
One hundred and four (104) Hyla frogeny were used comprising of 54 purebred anct&sbred rabbits.

M easured Traits

Body weight and ten (10) biometric traits were nuead on each animal. The anatomical reference poiete as
described by standard zoometric procedure of Geewd [7] and Teguiat al. [8]. The parts measured were body
length (BL), diagonal distance from the point oé tthoulder to the pin bone (Tuber ischi), and hegaith (HG),
measured as circumference of the thoracic cavist joehind the fore limbs; thigh circumference (TC):
circumference at the knee-cap (patella); Tail Ian@iL): measured from the base of the tail to ipe(toccygeal
vertebrae). Head to shoulder (HS): Is the distdnoe nose to the point of the shoulder. Shouldetaibdrop
(STT): This is the distance from the point of thewslder to the tip (coccygeal vertebrae). Lengtlirofit and back
leg (LFL and LBL): This is the length of front aféck legs measured in centimeter and ear length (E&tance
from the base of the ear to its tip. The height sneaments were obtained using a graduated measiithg All
measurements were taken by the same person to lzetwigen-individual variations.

Statistical M ethodology

Least squares means and standard errors of bodjhtvand biometric variables were estimated. Genlarahr
model (GLM) was used to analyze genetic group difiees. Pearson’s correlation coefficients (r) badight and
various biometric traits were also estimated. Fitbm correlation matrix, data for the principal campnt factor
analysis were generated. According to Evetital. [9], principal component analysis is a method fansforming
the variables in a multivariate data set», ---, Xp, into new variables, yy,,---, yp which are uncorrelated with
each other and account for decreasing proportibtiteedotal variance of the original variables defi as:

Y1 = a1 X+ 8o Xp + --mmmmmmme e +apXp
Y2 = & X + @ Xp F -moemmmmmmmoeeees * 3pXp
Yp = @1 X1+ G2 Xp + -mmmmmmmmmemoees * X%
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with the coefficients being chosen so thatyy, ------ , Yp account for decreasing proportions of the totaiavece of
the original variables, x %o, ------ » %. During the evaluation, factors were rotated wigimax rotation of Kaiser.
The aim of the Varimax rotation is to maximize than of variances ofi,-équadratic weight. The stepwise variable
selection multiple regression procedure was usedhtain models for predicting body weight from body
measurements (a) and from established principapooents (b).

BW=a+Bx;+-----—--- Bk X K -=--=m--m-- (a)
BW=a + BPG + -------- BkPCK ---------- (b)

where; BW is the body weight, a is the regressiuertept, Bis the i" partial regression coefficient of the i-th
linear body measurement,; %r the i-th principal component. Anti-image coaténs, Kaiser—Meyer Olkin
measures of sampling adequacy and Barlett’'s TeSpbkricity were computed to test the validity loé tfactor
analysis of the data sets. The appropriateneskeofactor analysis was further tested using commlitres and
ratio of cases to variables. Components are eglacinti some stopping criteria is encountered ofil o
components are formed. The weights used to crdaeptincipal components are the eigenvectors of the
characteristics equation:

(R-24l)a=0

Where R is the correlation matrix, theare the eigenvalues, the variances of the compen€he eigenvalues are
obtained by solving (Rx;l)a = 0 fori; Cumulative proportion variance was employed in aeteing the number of
principal components to extract. The overall raligbof the factor solution was tested using Chvaoh’s Alpha.
The factor programme of SAS 9.0 statistical package used for the principal component analysis.

RESULTSAND DISCUSSION

Phenotypic Correations

Pearson’s coefficients of correlation of body weighd body measurements of the two genetic grorgsteown in
Table 1. Highly significant (P < 0.01) associatetisted among body weight and biometrical traitse Toefficients
ranged from 0.60-0.90 and 0.62-0.94 for purebred enossbred rabbits respectively. Among the bodypsh
characters, the highest correlation was found betvedoulder to tail drop and body length (r = Ca8@ 0.94)) for
purebred and crossbred rabbits. The estimatesradlation in the present study are comparable asehreported by
earlier workers [10]. The strong relationship erigtoetween body weight and body measurements masgéful as
selection criterion, since positive correlations trdits suggest that the traits are under the sgame action
(Pleiotropy). The positive correlations between BWd morphological traits obtained in the presemdsindicate
that an increase in any one body measurement wesldt in a corresponding increase in live bodyghti The
strong relationship existing between body weighd Bndy measurements suggests that the combinatidmese
morphological traits could be used to estimate Vilght in rabbits fairly well in the situation wteescales are not
available. This, therefore, provides a basis fer genetic manipulation and improvement of rabbitthe tropical
conditions of Nigeria.

Principal Component Matrix

The principal component matrix for New Zealand Wlpurebred and New Zeal and White X California sbosd

rabbits are presented in Tables 2 and 3. The dietemts of the correlation matrix were 1.77E0.06susr6.45E0.07
for purebred and crossbred rabbits. The anti—intageslations computed showed that partial corretetiwere low,
indicating that true factors existed in the datdaoth breeds. This was supported by Kaiser-MeyékinGneasure
of sampling adequacy studied from the diagonalasfi@l correlation, revealing the proportion of treiance in the
body measurements caused by the underlying fathis.was found to be sufficiently high for all therphometric
traits in both breeds (0.951 and 0.950) respegtivithe overall significance of correlation matrixasvtested with
Barlett's Test of sphericity for body dimensionstloé purebred versus crossbred rabbits (Chi squdf€3.19; P <
0.001) and crossbred (chi square = 2848.29; P &1 ®Which provided enough support for the validifythe factor
analysis of the data set. The communalities, whéghiesent the proportion of the variance in thgioal variables
that is accounted for by the factor solution, rahfm 0.73 — 0.94 for purebred and ranged fron80-80.94

crossbred Hyla rabbits. These further lend credeacdne appropriateness of the factor analysiserAfarimax
rotation, two factors were extracted for purebrabbits which accounted for 83.97% of the total arace, while
three factors were extracted for crossbred rahbiteh accounted for 89.88% of the total varianche Tactor
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pattern coefficients were used to assess thewvelatintributions of the various body measurementetermining
the numerical value of the corresponding factomfpal component). In the purebreds, BL, HG and SiWere
highly associated with the first PC (this explairni70% of generalized variance of Hyla purebrady could be
termed “body factor” while PC2 was primary deteradnby LFL and LBL, which accounted for 5.27% of the
variation and could be regarded as length fact@d Rad its highest loadings on BL, HG and STT (8% also
could be termed as generalized or body factor. R@2 solely related to LFL (5.22%) and PC3 hadithest
loadings for LBL (3.18%), both could be termed asnf leg and back leg factor, respectively. Thengipal
components obtained in the present study couldsed with other economic indices in evaluating aalaifity of
rabbits for management purposes. Similar findirmgehearlier been reported [11].

Table 1: Phenotypic Correlations of Bodyweight and Linear Body M easurements of HY LA Rabbits

Traits BW HW BL HG TL TC LFL LBL STT EL NTS

BW 0.80 090 086 0.77 0.74 062 0.69 091 0.84870.
HW 0.86 080 068 066 065 060 061 0.78 0.76730.
BL 0.8¢ 0.8¢ 0.87 0.8/ 0.81 0.7z 0.71 0.9€ 0.8¢ 0.8¢
HG 0.88 0.76 0.85 0.76 0.71 0.62 0.64 0.89 0.80810.
TL 079 0.76 085 0.82 079 069 074 085 0.87780.
TC 0.77 0.7¢ 0.8¢ 0.7¢ 0.87 0.6¢ 0.6¢ 0.7¢ 0.8 0.7¢
LFL 0.63 0.67 0.72 062 072 071 0.67 0.69 0.78680
LBL 071 070 0.73 066 0.73 0.68 0.71 0.70 0.77.690
STT 0.9z 0.84 094 0.8¢ 0.8¢ 0.8 0.6¢ 0.7¢ 0.87 0.8t
EL 084 083 089 082 088 088 079 0.79 0.89 86 0.

NTS 087 079 086 083 081 079 066 0.71 0.86870.
*= significant, ns = not significant.
BW-Body weight, EL-Ear length, HS- Head size, H®a#t girth, TL — Tail length, STT- Shoulder to tdibp, LFL-Length of front leg, LBL-
Length of back leg, TC- Thigh circumference, BLdBtength and HW- Height at wither, NTS- Nose toustter, LBMs- Linear body
measurement. Upper matrix= Breed 1, Lower matrixed®l 2Significant at P < 0.01 for all correlatiomefficients, Breed 1= Hyla purebred,
Breed 2= Hyla crossbred.

Table2: Eigenvalues and share of total variance along with factor loadings and communalities of the body measurements of breed 1 and
breed 2 of Hyla rabbits

Traits PC1 PC2 PC3 Communality
Breed 1

HW 0.779 0.348 0.729
BL 0.833 0.497 0.941
HG 0.84t  0.36¢ 0.84¢
TL 0.638 0.640 0.817
TC 0.593 0.652 0.777
LFL 0.346 0.829 0.807
LBL 0.384 0.802 0.791
STT 0.852 0.462 0.939
EL 0.683 0.668 0.912
NTS 0.761 0.509 0.837
Eigen value 7.870 0.527

% of total variance  78.70  5.27

Breed 2

HW 0.706 0.252 0.512 0.829
BL 0.810 0.372 0.357 0.921
HG 0.859 0.248 0.269 0.872
TL 0.734 0505 0.280 0.873
TC 0.75C 0.54: 0.18C 0.89(
LFL 0.324 0.833 0.374 0.939
LBL 0.372 0.402 0.801 0.942
STT 0.837 0.341 0.34t 0.93¢
EL 0.702 0.522 0.405 0.929
NTS 0.782 0.274 0.413 0.857
Eigen valu 8.147 0.52: 0.31¢

% of total variance  81.48 5.22 3.18
BW-Body weight, EL-Ear length, HS- Head size, H®a#t girth, TL — Tail length, STT- Shoulder to tdibp, LFL-Length of front leg, LBL-
Length of back leg, TC- Thigh circumference, BLd\Bength and , NTS- Nose to shoulder, HW- Heigltither, Breed 1=Hyla purebred and
Breed 2= Hyla crossbred rabbits? Rcoefficient of determination
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Table 3: Stepwise Multiple Regression of Body Weight on Original Body M easurements and on their Principal Components Factor
Scoresof Breed 1 and 2 Rabbits

Traits M odels R?

Breed 1

Original body measurements as

explanatory variables

STT BW=-789.63 + 63.32STT 0.84

STT and NT: BW=-1086.24 + 44.56STT + 74.48N 0.8¢

STT, NTS and HW BW=-1086.79 + 37.37STT + 63.71NT3.59HW 0.88

STT, NTS, HW and HG BW=-1186.43 + 27.04STT + 58/I8 + 38.00HW + 0.88
19.41HC

STT, NTS, HW, HG and LFL BW=-1122.81 + 29.50ST93:16NTS + 40.06HW + 0.89
18.97HG — 19.63LFL
Orthogonal traits as independ:

Variables

PC1 BW=972.06 + 477.64PC1 0.72

PC1 and PC2 BW=971.88 + 477.45PC1 + 226.45PC2 0.88

Breed 2

Original body measurements as

explanatory variables

STT BW=-887.75 + 67.21STT 0.85

STT and NTS BW=-1177.49 + 48.36STT + 74.48NTS 0.87

STT, NTS and HW BW=-1172.04 + 38.57STT + 59.10NT&3.36HW 0.89

STT, NTS, HW and TL BW=-1231.29 + 48.84STT + 6% + 49.91HW -  0.90
47.77TL

STT, NTS, HW, TL and HG BW=-1333.49 + 37.96STT3&NTS + 51.75HW - 0.91

52.16TL + 24.05HG

STT, NTS, HW, TL,HGand TC BW=-1300.26 + 39.40SH57.22NTS + 54.14HW - 0.91
38.67TL + 24.87HG — 32.77TC

Orthogonal traits as independ:

Variables

PC1 BW=975.58 + 467.01PC1 0.66
PC1 and PC BW=975.58 + 467.01PC1 + 247.37F 0.8¢
PC1, PC3 and PC2 BW=975.58 + 467.01PC1 + 247.3#P0%.32PC2  0.88

BW-Body weight, EL-Ear length, HS- Head size, H®a#t girth, TL — Tail length, STT- Shoulder to tdibp, LFL-Length of front leg, LBL-
Length of back leg, TC- Thigh circumference, BLdB&ength and , NTS- Nose to shoulder, HW- Heightvither, LBMs- Linear body
measurement, PC= principal component S.E= standardr; R?= coefficient of determination, Breed 1=Hyla puretirand Breed 2= Hyla
crossbred rabbits

CONCLUSION

In conclusion, the coefficient of determinationimsttes (R obtained for both breeds indicated that principal
component analysis is a robust techniques and efticent in predicting bodyweight compared to thaditional
regression analysis.
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