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Abstract The objectives of this study were to investigate the
relationships between body weight and morpho-structural
indices to predict body weight from their orthogonal body
shape characters using principal component analysis and to
morphologically classify the chicken genotypes using multi-
variate discriminant analysis. Data used were from 273 ran-
domly selected 12-weeks-old indigenous chickens of normal-
feathered (NF), frizzle-feathered (FF), naked-neck (NN) and
Anak Titan (AT) genotypes. Phenotypic correlation among
body weight and most biometric traits ranged from 0.227–
0.876, −0.7–0.901, 0.034–0.968 and −0.207–0.849 for NF,

NN and AT chickens, respectively. Factor analysis with vari-
max rotation of interrelated traits revealed three principal
components which accounted for 83.1%, 74.4%, 78.8% and
76.5% of the total variance in NF, FF, NN and AT chickens in
the order listed. Breast girth, keel length, thigh length, shank
length and wing length were found to be the most discrimi-
nating variables to separate the chicken genotypes. The lon-
gest distance (72.54) occurred between AT and NF genotypes
while the shortest distance (4.27) was recorded for FF and NN
genotypes. Classification results showed that 85.2% of AT
genotype was correctly classified into their source population.
However, 22.7% of NFwas misclassified as NN, while 33.3%
of NN was misclassified as NF chickens. These results sug-
gest that there is high rate of gene flow between these two
indigenous chicken genotypes. Information obtained from this
study may be considered useful in breed improvement pro-
grammes for selection, characterization, conservation and bet-
ter management of Nigerian indigenous chickens.
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Abbreviations
AT Anak Titan
BW Body weight
BG Breast girth
BL Body length
FF Frizzle feathered
KL Keel length
NF Normal feathered
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NN Naked neck
PC Principal component
SL Shank length
TL Thigh length
WL Wing length
WS Wing span

Introduction

Indigenous chickens constitute 80% of the 185 million
chickens found in Nigeria (FAOSTAT 2011). They contain
a highly conserved genetic reservoir, with high level of
heterozygosity, which may provide the biological material

for the development of genetic stocks with improved adapt-
ability and productivity. In addition, poultry industry has
played an impressive role in providing the teeming populace
with a vital source of animal protein and income (Okeno et
al. 2011; Osei-Amponsah et al. 2011), thus becoming a
veritable tool in reducing hunger and alleviating poverty.

With the increasing attention given to the characterization
of the African genetic resource (Yakubu et al. 2011; Osei-
Amponsah et al. 2012), the first phase of characterization
involves the identification of populations based on morpho-
logical descriptors. Morphometric measurements have been
used to evaluate the characteristics of various breeds of

Table 1 Means ± standard errors for body weight (grammes) and body measurements (centimetres) of Nigerian indigenous and exotic chickens as
affected by genotype and sex

Trait Genotype Sex

Normal feathered
(n0147)

Frizzle feathered
(n069)

Naked neck
(n030)

Anak Titan
(n027)

Male
(n081)

Female
(n0192)

Body weight 704.6 ± 18.9bc 624.1 ± 27.6c 763.5 ± 41.9b 1514.3 ± 44.1a 897.7 ± 6.57a 717.29 ± 23.75b

Wing length 18.9 ± 0.17b 17.8 ± 0.25c 17.8 ± 0.39c 21.5 ± 0.4a 19.49 ± 0.26a 18.42 ± 0.17b

Wing span 41.8 ± 0.357b 39.7 ± 0.52c 40.14 ± 0.79bc 47.7 ± 0.83a 43.44 ± 0.52a 40.96 ± 0.34b

Shank length 6.5 ± 0.081b 6.4 ± 0.12b 6.65 ± 0.18b 8.159 ± 0.19a 7.15 ± 0.12a 6.46 ± 0.08b

Tail length 11.23 ± 0.14b 10.59 ±0.20b 11.19 ± 0.3b 12.74 ± 0.32a 11.9 ± 0.69a 10.95 ± 0.12b

Body length 54.3 ± 0.46b 51.64 ± 0.67c 53.48 ± 1.0bc 63.08 ± 1.0a 56.69 ± 0.69a 53.47 ± 0.45b

Breast girth 23. ± 0.24b 22.1 0 ± 0.35b 23.15 ± 0.53b 30.39 ± 0.55a 25.04 ± 0.39a 22.88 ± 0.26b

Keel length 8.38 ± 0.1b 7.7 ± 0.14c 8.47 ± 0.21b 11.15 ± 0.22a 8.99 ± 0.16a 8.29 ± 0.1b

Means in the same row bearing different superscripts differ significantly (P<0.05)

n number of observation

Table 2 Phenotypic correlations
among body weight and linear
body traits of normal-feathered
(first upper diagonal), naked-
neck (first lower diagonal),
frizzle-feathered (second upper
diagonal) and Anak Titan chick-
ens (second lower diagonal)

BW body weight, WL wing
length, WS wing span, SL shank
length, TL thigh length, BL body
length, BG breast girth, KL keel
length

*P<0.05, **P<0.01

Trait BW WL WS SL TL BL BG KL

BW 0.798* 0.811* 0.804* 0.817* 0.862* 0.84* 0.255*

WL 0.76* 0.835* 0.664* 0.735* 0.864* 0.774* 0.227*

WS 0.803* 0.901* 0.738* 0.796* 0.876* 0.790* 0.305*

SL 0.652* 0.772* 0.686* 0.676* 0.792* 0.731* 0.27*

TL 0.813* 0.855* 0.854* 0.737* 0.822* 0.758* 0.333*

BL 0.811* 0.888* 0.89* 0.761* 0.903* 0.87* 0.294*

BG 0.845* 0.814* 0.858* 0.705* 0.845* 0.860* 0.313*

KL −0.05 −0.235 −0.116 −0.281** −0.163 −0.223 −0.70

BW 0.777* 0.81* 0.835* 0.862* 0.835* 0.914* 0.159

WL 0.758* 0.961* 0.838* 0.830* 0.954* 0.855* 0.084

WS 0.798* 0.849* 0.829* 0.85* 0.968* 0.904* 0.092

SL 0.684* 0.603* 0.72* 0.789* 0.849* 0.807* 0.156

TL 0.287 0.341 0.378 0.374 0.905* 0.903* 0.034

BL 0.740* 0.618* 0.828* 0.581* 0.255 0.901* 0.116

BG 0.688* 0.433** 0.585* 0.246 0.222 0.701* 0.132

KL 0.031 0.058 −0.102 0.017 0.017 −0.024 0.083
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animals, and could provide useful information on the suit-
ability of animals for selection. Body weight had always
been a trait of economic importance to livestock farmers.
The increasing need to estimate the weight of chickens in
order to study their growth pattern has led to the develop-
ment of regression equations which were designed to predict
the live weight of animals from linear body measurements
(Peters et al. 2007). Most of the studies on body weight and
morphometric indices have been mainly on univariate anal-
ysis of variance. A more reliable assessment of morphomet-
ric relationship among livestock breeds has been obtained
using multivariate statistical tools such as principal compo-
nent (PC) analysis (Yakubu et al. 2009), which reduces the
dimensionality of a dataset, by finding a new set of varia-
bles, smaller than the original set of variables. Discriminant
analysis can be defined as a body of procedures that max-
imizes discrepancies between the groups thereby distin-
guishing the groups which at first seem intermingled with
each other.

Multivariate analyses involving the use of principal com-
ponents has been reported for extensively managed chickens
in the Northern part of Nigeria (Yakubu et al. 2009), but that of
Nigerian indigenous and exotic chickens raised under inten-
sive system of management in South West Nigeria has not
been conducted. The present study therefore sought not only
to estimate body weight from body measurements of chickens
using orthogonal conformation traits derived from the PCs but
also to establish the morphometric differences among geno-
types using multifactorial discriminant analysis. The informa-
tion obtained will aid the management, conservation and
selection of birds towards improved productivity.

Materials and methods

Location of the study

The study was carried out at the Poultry Breeding Unit of the
Teaching and Research farm, University of Agriculture, Abeo-
kuta, Nigeria with latitude 7°10′N and longitude 3°2′E. Details
about data on annual rainfall and vegetation of the location of
the study have been described in Adeleke et al. (2011a).

Experimental animals

Two hundred and seventy three birds comprising 147
normal-feathered (NF) (39 males and 108 females), 69
frizzle-feathered (FF) (22 males and 47 females), 30
naked-neck (NN; 10 males and 20 females) Nigerian indig-
enous chickens and 27 Anak Titan (AT; exotic broiler;
comprising of 10 males and 17 females) were generated
from 15 sires and 80 dams through artificial insemination.
The birds were identified with the aid of wing tag and were

raised on a deep litter system in a well-ventilated building.
The chicks were fed ad libitum with chicks’ mash that

Table 3 Eigen values and share of total variance along with factor
loadings after rotation and communalities of the biometric traits of
chickens

PC 1 PC 2 PC 3 Communality

Normal feathered

Wing length 0.91 0.218 0.056 0.878

Wing span 0.85 0.355 0.150 0.873

Shank length 0.485 0.856 0.114 0.982

Thigh length 0.821 0.285 0.213 0.802

Body length 0.846 0.445 0.129 0.930

Breast girth 0.774 0.444 0.168 0.824

Keel length 0.146 0.092 0.983 0.996

Eigen values 5.039 0.886 0.359

Percentage of total
variance, %

71.99 12.66 5.13

Frizzle feathered

Wing length 0.864 0.356 −0.158 0.898

Wing span 0.939 0.207 −0.037 0.925

Shank length 0.526 0.832 −0.164 0.997

Thigh length 0.882 0.322 −0.077 0.887

Body length 0.896 0.324 −0.141 0.927

Breast girth 0.884 0.295 0.034 0.87

Keel length −0.063 −0.101 0.991 0.997

Eigen values 5.165 1.003 0.33

Percentage of total
variance, %

73.79 14.33 4.75

Naked neck

Wing length 0.61 0.753 0.021 0.937

Wing span 0.684 0.69 0.035 0.945

Shank length 0.446 0.836 0.105 0.907

Thigh length 0.372 0.425 −0.015 0.941

Body length 0.726 0.66 0.057 0.966

Breast girth 0.838 0.481 0.089 0.941

Keel length 0.028 0.055 0.998 0.999

Eigen values 5.401 0.997 0.24

Percentage of total
variance, %

77.16 14.24 3.43

Anak Titan

Wing length 0.715 0.46 −0.022 0.724

Wing span 0.857 0.405 −0.181 0.926

Shank length 0.52 0.565 −0.401 0.751

Thigh length 0.092 0.891 0.099 0.813

Body length 0.912 0.151 −0.071 0.859

Breast girth 0.837 −0.062 0.189 0.739

Keel length 0.035 0.047 0.949 0.903

Eigen values 3.695 1.125 0.894

Percentage of total
variance, %

52.79 16.08 12.77

Principal components: PC 1, PC 2, PC 3
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supplied 21.49% crude protein and 11.77 MJ/kg metaboliz-
able energy from 0 to 8 weeks of age, after which they were
fed on a grower’s ration that supplied 16.90% crude protein
and 11.35 MJ/kg metabolizable energy. Clean water was
given to the birds without restriction and the birds were sub-
jected to similar treatment throughout the period of the study.

Traits measured

Body weight (BW) (grammes) and seven linear body meas-
urements were measured on each chicken. The body meas-
urements (centimetres) were taken using a measuring tape
except for body weight that was taken using a measuring
scale in grammes. The parts measured were body length
(BL), measured as the distance between the tip of the beak
and the longest toe without the nail; wing length (WL),
taken as the distance between the tip of the phalanges and
the coracoids-humerus joint; wing span (WS), measured as
the distance between the left wing tip to the right wing tip
across the back of the chicken; shank length (SL), taken as
the distance from the hock joint to the tarsometatarsus; thigh
length (TL) measured as the distance between the hock joint
and the pelvic joint; breast girth (BG), measured as the
circumference of the breast around the deepest region of the
breast and keel length (KL), taken as the distance between the
anterior and posterior ends of the keel.

Statistical analyses

Effects of genotype and sex were analysed using General
Linear Model. Pearson’s coefficients of correlation (r)
among body weight and various body linear measurements
were estimated. Data were generated for principal compo-
nent factor analysis using the correlation matrix.

Principal component analysis

Everitt et al. (2001) described principal component analysis as a
method for transforming the variables in a multivariate data set
X1, X2, …, Xp, into new variables, Y1, Y2, …, Yp , which are
uncorrelated with each other and account for decreasing pro-
portions of the total variance of the original variables defined as:

Y1 ¼ a11x1 þ a12x2 þ :::::::::::::::::::::::::::::::::::::::::: þ a1pxp
Y2 ¼ a2x1 þ a22x2 þ ::::::::::::::::::::::::::::::::::::::::::þ a2pxp
Yp ¼ ap1x1 þ ap2x2þ :::::::::::::::::::::::::::::::::::::::::::þ appxp

with coefficients being chosen so that y1, y2,…, yp account for
decreasing proportions of the total variance of the original
variables x1, x2, …, xp. To enhance the interpretability of the
principal components, the varimax criterion of the orthogonal
rotation method was employed in the rotation of the factor
matrix. Prediction of the body weight from linear body meas-
urements using the stepwise multiple regression procedure
was carried out using the following model:

BW ¼ aþ BiXi þ ::::::::::::::::::::::::::þ BkXk

A second stepwise multiple regression procedure was
also used to obtain models for predicting body weight from
principal component factor scores according to the equation
below:

BW ¼ aþ BiPCi þ ::::::::::::::::::::::::þ BkPCk

Where, BW is the body weight, a is the regression inter-
cept, Bi is the ith partial regression coefficient of the ith
linear body measurement, Xi or the ith principal component.
To test the appropriateness of the factor analysis of the data,
anti-image correlations and Kaiser–Meyer–Olkin measures
of sampling adequacy were computed.

Table 4 Principal component factor score coefficients for the prediction of the body weight of Nigerian indigenous and exotic chickens

Trait Normal feathered Frizzle feathered Naked neck Anak Titan

PC1 PC2 PC3 PC1 PC2 PC3 PC1 PC2 PC3 PC1 PC2 PC3

WL 0.51 −0.50 −0.12 0.21 −0.03 −0.06 0.59 −0.35 −0.003 0.30 −0.06 −0.02

WS 0.30 −0.14 −0.02 0.40 −0.43 0.00 0.36 0.10 −0.22 0.34 −0.04 −0.07

SL − 0.53 1.35 −0.07 −0.48 1.49 1.13 0.16 −0.32 0.57 0.39 −0.28 0.07

TL 0.34 −0.27 0.06 0.25 −0.11 0.01 −0.10 0.47 −0.04 −0.18 0.002 1.02

BL 0.20 0.06 −0.06 0.26 −0.14 −0.06 0.26 0.14 −0.09 0.33 0.02 −0.25

BG 0.14 0.13 −0.001 0.28 −0.13 0.11 −0.27 0.68 −0.14 −0.14 0.57 −0.06

KL −0.14 −0.08 1.03 0.02 0.20 1.01 −0.25 −0.04 0.69 −0.23 0.60 0.09

WL wing length, WS wing span, SL shank length, TL thigh length, BL body length, BG breast girth, KL keel length

PC1, PC2, PC3 represent first, second and third principal components, respectively
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Discriminant analysis

Seven morphometric variables (i.e BL, WL, WS, SL, TL, BG
and KL) were stepwisely introduced as variables into the dis-
criminant analysis. The relative importance of the morphometric
variables in discriminating the four chicken populations was
assessed using the F-to-remove statistic. Collinearity among
the variables used in the discriminant model was evaluated using
tolerance statistic. The ability of this function to identify the
chicken genotypeswas indicated as the percentage of individuals
correctly classified from the sample that generated the function.

Accuracy of the classification was evaluated using split-sample
validation (cross-validation). Pairwise group comparison (pair-
wise distances) was also estimated across the four chicken
genotypes. All statistical analyses were done using SPSS (2001).

Results and discussion

Genotype had significant effect (P<0.05) on all the linear
body measurements with AT chickens having significantly
highest means compared to Nigerian indigenous chickens

Table 5 Stepwise multiple regression of body weight on original body measurements and on their principal component (PC) factor scores in
chickens

Variables Model S.E. R2

Normal-feathered chickens

Original body measurements as explanatory variables

Body length BW ¼ �1431:4þ 39:31BL 1.92 0.74

Body length and shank length BW ¼ �1330:8þ 27:54BLþ 82:78SL 2.90 0.78

Body length, shank length and thigh
length

BW ¼ �1256:58þ 16:65BLþ 77:43SLþ 49:04TL 3.49 0.81

Body length, shanklength, thigh length,
breast girth and wing length

BW ¼ �1255:76þ 1:58BLþ 73:35SLþ 41:59TLþ 22:38BGþ 21:90WL 4.597 0.84

Orthogonal traits as independent variables

PC 1 BW ¼ 704:6þ 168:47PC1 12.03 0.58

PC 1 and PC2 BW ¼ 704:6þ 168:47PC1þ 110:03PC2 7.85 0.82

PC 1, PC2 and PC3 BW ¼ 704:6þ 168:47PC1þ 110:03PC2þ 23:17PC3 7.64 0.83

Frizzle-feathered chickens

Original body measurements as explanatory variables

Breast girth BW ¼ �589:9þ 54:9BG 4.24 0.714

Breast girth and thigh length BW ¼ �644:8þ 35:88BGþ 44:94TL 7.49 0.75

Orthogonal traits as independent variables

PC 1 BW ¼ 624:1þ 158:35PC1 13.81 0.66

PC 1 and PC2 BW ¼ 624:1þ 158:35PC1þ 55:61PC2 12.11 0.74

Naked neck chickens

Original body measurements as explanatory variables

Breast girth BW ¼ �491:1þ 54:2BG 4.54 0.836

Breast girth and thigh length BW ¼ �494:48þ 40:87BGþ 46:88TL 7.162 0.863

Orthogonal traits as independent variables

PC 1 BW ¼ 763:47þ 168:12PC1 29.83 0.531

PC 1 and PC2 BW ¼ 763:47þ 168:12PC1þ 116:76PC2 20.44 0.788

Anak Titan chickens

Original body measurements as explanatory variables

Wing span BW ¼ �2891:04þ 92:39WS 13.39 0.64

Wing span and breast girth BW ¼ �2967:61þ 69:64WSþ 38:2BG 15.63 0.712

Wing span, breast girth and shank length BW ¼ �2347:42þ 30:44WSþ 49:92BGþ 109:44SL 20.65 0.78

Orthogonal traits as independent variables

PC 1 BW ¼ 1514:33þ 272:33PC1 37.16 0.68

PC 1 and PC2 BW ¼ 1514:33þ 272:33PC1þ 94:85PC2 32.62 0.765

PC 1, PC 2, PC 3 refers to the first, second and third Principal component, respectively

R2 coefficient of determination, S.E. standard error
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(Table 1). This observation not only attested to previous
reports that Nigerian indigenous chickens are light breeds
(Adeleke et al. 2011a), but suggests the suitability of Anak
Titan chickens for crossbreeding programmes which when
mated with indigenous stocks will ultimately improve the
growth and carcass traits potentials of Nigerian indigenous
chickens. The observable differences in body weight among
indigenous breeds were similar to that observed by Gunn
(2008) who reported better performance of NN birds in
comparison to others. Sex-associated (P<0.05) differen-
ces were observed in all the morpho-structural traits
examined, with higher values exhibited by male birds.
This result is consistent with the findings of earlier workers
(Martinho de Almeida and Zuber 2009; Osei-Amponsah et al.
2012). This dimorphism in favour of males might be attributed
to the usual between- sex differential hormonal effects on
growth.

The correlation coefficients (r) for body weight and zoo-
metric body measurements ranged from 0.227–0.876 for
NF, −0.7–0.901 for FF, 0.034–0.968 for NN and −0.207–
0.849 for AT chickens (Table 2). Across genotypes, the
highest correlation coefficients between BW and morpho-
logical traits were observed between BL and BW (r00.862),
BG and BW (r00.845), BG and BW (r00.914) and WS and
BG (r00.798) for NF, FF, NN and AT chickens, respectively.
Peters et al. (2007) suggested that breast girth could be used as
a reliable predictor of BW of most livestock species. High
positive correlations suggest that selection for a trait may lead
to a correlated response in the other trait.

High values of Kaiser–Meyer–Olkin measure of sam-
pling adequacy observed for the four genetic groups as well
as those of Communalities gave credence to the appropri-
ateness of the PC analysis (Table 3). There were variations
in the pattern of loadings of the body dimensions on each
PC. PC1 was characterized by WL, WS, TL, BL and BG in
both NF and FF birds. However, PC1 had its loadings for
BL and BG in NN birds and WL, WS, BL and BG in AT
chickens. SL (PC2) and KL (PC3) were the traits of interest
in NF and FF chickens while WL, WS and SL (PC2) and
KL (PC3) were loading traits in NN chickens. SL and TL
were more associated with PC 2 while KL was the sole
loading trait on PC3 of AT birds. In the present study, it
was noted that the first factor (PC1) accounted for the largest
variance for both indigenous and exotic chickens and this
had been the usual trend in studies that used principal
component factor analysis as reported by Mendes (2009)
in chickens and Shahin and Hassan (2000) in rabbits. The
relevance of PC as a multivariate statistical tool was
evidenced in the reduction of large number of explanatory
variables into components that gave a better description of
size and shape. Seven explanatory variables have been
reduced to three components. The three principal compo-
nents (PC 1, PC 2 and PC 3) obtained for each genotype

could be useful in evaluating animals for breeding and
selection purposes. Since correlation between principal
components is zero, the selection of animals for any princi-
pal component will not cause a correlated response in terms
of other principal components (Pinto et al. 2006). Across the
four genetic groups used in this study, PC3 was determined
only by KL. From the foregoing, it appears that, selection
based on KL would not bring about any correlated response
in morpho-structural traits.

The principal component factor score coefficients of NF,
FF, NN and AT birds are shown in Table 4. These factor
scores could be used instead of the original interdependent
linear type traits in predicting the BW of chickens (Mendes
2009).

The interdependent original morphometric indices and
their independent principal component factor scores were
used for the prediction of body weight (Table 5). This
revealed that in NF birds, BL alone accounted for 74% of
the variation in BW. This result is comparable with that
reported by Yakubu et al. (2009) on Nigerian indigenous
chickens managed under extensive system. However, the
best prediction equation (R200.84) for BW was obtained
when BL, SL, TL, BG and WL were included in the model.
In FF chickens, BG alone accounted for 71.4% of the
variation in BW. The high association between BW and
BG might be attributed to large deposits of bones and
muscles in breast region of the birds. The proportion of
the explained variance increased to 74.9% when thigh
length was included in the model. In NN birds, BG contrib-
uted 83.6% to the variation in BW. The proportion of the
explained variance was further increased to 86.3% when SL

Table 7 Pairwise distances for the four chicken genotypes

Genotype Normal
feathered

Frizzle
feathered

Naked
neck

Anak
Titan

Normal
feathered

– 6.61 4.93 72.54

Frizzle
feathered

– 4.27 71.41

Naked neck – 32.04

Anak Titan –

Table 6 Morphological characters selected by stepwise discriminant
analysis to separate indigenous and exotic chickens

Variable Wilk lambda P level F to remove Tolerance

Breast girth 0.455 0.0001 18.684 0.560

Keel length 0.379 0.0001 16.490 0.658

Thigh length 0.359 0.0001 4.876 0.615

Shank length 0.341 0.0001 5.767 0.660

Wing length 0.321 0.0001 5.198 0.590
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was included in the model. WS in AT birds contributed
63.7% to the variation in BW. The proportion of the
explained variance was further increased to 77.7% when
BG and SL were included in the model.

The use of PC1 as a single predictor in this present study,
explained 57.5%, 66%, 53.1% and 68% of the total vari-
ability in BW in NF, FF, NN and AT birds in the order listed.
However, a combination of PC1, PC2 and PC3 led to a
considerable improvement in the amount of variance
explained (R200.83) in NF birds while PC1 and PC2 led
to an improvement in the amount of variance explained
(R200.744; R200.788 and R200.765) in FF, NN and AT
birds, respectively. The use of principal component scores
(orthogonal traits) gave a better and more reliable assess-
ment of body weight since it was able to break multicolli-
nearity, a problem associated with the use of interdependent
original body dimensions (Yakubu et al. 2009).

The results from stepwise discriminant procedure high-
lighting Wilks lambda, F values, tolerance and probability
statistics of the variables are presented in Table 6. BG, KL,
TL, SL and WL were the most discriminating variables to
separate NF, FF, NN and AT chickens based on their signif-
icant F values. Some of the discriminating variables of the
present study are similar to those reported by Abdelqader et

al. (2008). Discriminant analysis was equally applied to
chicken performance by Rosario et al. (2008).

The results of all pairwise distances among the chicken
genotypes (Table 7) were significant (P<0.0001). The larg-
est distance (72.54) was observed between NF and AT
genotypes while the lowest (4.27) was observed between
FF and NN genotypes. The lowest distance between FF and
NN genotypes could be adduced to the high rate of inter-
mingling between these two genotypes. Efforts should
therefore be geared towards preventing the extinction of
the major genes inherent in indigenous chickens knowing
well that the NN and the FF chickens had evolved adaptive
genetic structures to withstand heat stress which is an im-
portant factor that determines the overall success of the local
chickens under tropical conditions. The high morphometric
differentiation between AT and NF genotypes when com-
pared with their FF and NN counterpart may indeed suggest
the possibility of obtaining higher heterotic gains with AT
and NF crosses while the cross between AT and other
indigenous ecotypes may not result in an appreciable heter-
osis. In any case, the comparative assessment of the growth
and carcass potentials of crossbreds obtained from crosses
involving AT and indigenous ecotypes would further clarify
these hypotheses. Figure 1 showed that AT was marked
distinct from the indigenous counterpart. In any case, this
result is expected being an exotic genotype. However, the
way the indigenous genotypes are distributed in the canon-
ical discriminant function lends more credence to the exis-
tence of genetic admixture among Nigeria’s local chickens
which was substantiated by the low level of morphometric
differentiation in their pairwise comparison.

Classification results presented in Table 8 showed that
most of the AT genotypes were classified into their source
population (85.2%) obviously highlighting its morphologi-
cal distinctness from the indigenous genotypes. However,
22.7% of the NF birds were misclassified as NN while
33.3% of NN were misclassified as NF. This result suggests
some kind of introgression between these two genotypes
which may constitute a threat to the future of indigenous
chickens (Ansari et al. 1997). The high rate of introgression
among Nigeria’s indigenous chicken could be adduced to
improper management. Genetic introgression among dis-
tinct genotypes could possibly lead to the erosion of
between-breed diversity thus resulting into more homoge-
nous populations which has negative implication for

Table 8 Percentage of individ-
uals classified into genetic
groups after cross-validation

Of the original grouped cases,
61.2% are correctly classified. Of
cross-validated grouped cases,
58.8% are correctly classified

Breed Normal feathered Frizzle feathered Naked neck Anak Titan Total

Normal feathered 55.3 21.2 22.7 0.8 100

Frizzle feathered 23.4 59.4 15.6 1.6 100

Naked neck 33.3 14.8 48.1 3.7 100

Anak Titan 0.0 0.0 14.8 85.2 100
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Fig. 1 Canonical discriminant function showing the relationship and
distribution among the chicken genotypes. AT was marked distinct
from the indigenous birds. Clustering of the indigenous genotypes
(NF, FF and NN) showed genetic admixture
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utilizing genetic variation in future improvement programmes.
This result conflicts with the report of Adeleke et al. (2011b).
They used blood protein to characterize the local chickens and
reported that FF chickens were closely more related to NF
than NN birds.

Conclusion

Multivariate analysis using principal components has been
shown to be useful in the prediction of body weight using
orthogonal conformation traits. BG, KL, TL, SL and WL
were found as the most discriminating variables in separat-
ing the indigenous and exotic genotypes. Low level of
morphometric differentiation among indigenous genotypes
revealed by low pairwise distances and proportion of indi-
viduals misclassified suggest high level of gene flow among
them. The present information provides a simple practical
methodological framework suited for management, charac-
terization and conservation of chicken genetic resources in a
resource poor developing economy. However, the morpho-
metric assessment using multivariate techniques should be
followed up with highly polymorphic DNA-based techni-
ques such as single nucleotide polymorphisms to properly
unravel the genetic distinctiveness or similarity among the
three local chicken genotypes.
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