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Abstract: The biometric characterization of autochthonous Ethiopian chickens has not been fully
investigated in the study area. In this study, we aimed to conduct biometric trait characterization
and multivariate discriminant analysis of traditionally bred autochthonous chickens in Ethiopia and
assess the wide range of phenotypic diversity within these populations. A multi-stage sampling
procedure was used, and data on biometric traits and body weight were collected from adult chickens.
Principal component and correlation analyses were performed to explore the discriminating factors
and relationships among traits. All autochthonous chickens showed clear sexual dimorphism, with
the Agarfa chickens having the highest biometric traits and body weight. Across the study area,
the majority of biometric values showed variation between age group 1 (AG-1) and age group 3
(AG-3). All autochthonous chickens showed a strong correlation between wingspan and back length
(p ≤ 0.001). Roosters and hens also showed a strong correlation between the keel and neck length
(p ≤ 0.001). Principal component 1 (PC1) and principal component 2 (PC2) explained 56.44%, 55.09%,
and 47.86% of the total variation in the original variables for all autochthonous chickens, roosters,
and hens, respectively. Univariate and multivariate analyses revealed the existence of biometric
trait and body weight variations among autochthonous chickens from different districts. Therefore,
genetic profiling should be performed to better understand the genetic potential of autochthonous
Ethiopian chickens.

Keywords: autochthonous chicken; biometric traits; district; Ethiopia; multivariate analysis; tradi-
tional breeding

1. Introduction

Applying biometric trait characterization to livestock, including chickens, enables the
identification of distinct breed populations and the description of their characteristics and
production environments [1]. The term “autochthonous chicken” refers to native chickens
raised in an extensive system with the ability to scavenge freely in an open range. These
chickens lack a defined description, serve multiple purposes, and have undergone limited
improvements [2,3]. According to Horst [2], autochthonous chickens can be considered gene
reservoirs, specifically for genes associated with adaptation to tropical conditions. The high
phenotypic diversity observed among the autochthonous chickens in Ethiopia indicates
significant genetic variability [4]. Local communities selectively bred these chickens for
several generations, resulting in distinct phenotypic and genetic characteristics.

In Ethiopia, governmental and non-governmental organizations usually supply im-
proved chickens to replenish existing autochthonous chicken flocks [5]. However, limited
scientific research has quantified or evaluated the potential of traditional breeding methods
to maintain and enhance the unique quality of these chickens. Consequently, there is
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a need to identify, characterize, and document autochthonous chickens and ensure the
conservation of identified genotypes to prevent the loss of genetic material [6]. It is crucial
to have the knowledge and understanding of the unique characteristics of these chickens
to design and implement autochthonous-chicken-based development programs that can
ultimately benefit rural societies [7].

Hence, the first step toward identifying genotypes is to conduct the biometric trait
characterization of chickens in their original rearing areas [8]. These traits, influenced by
both genetic and non-genetic factors, are commonly used to describe livestock and poultry
types and functions. However, biometric traits play a crucial role in predicting body weight
and assessing the efficiency of animal carcasses, comprising a substantial economic selec-
tion criterion that significantly influences the ancestral lineage of autochthonous chicken
populations [9,10]. However, research that will assist in designing appropriate utilization
strategies for autochthonous chickens by providing a comprehensive understanding of
their biometric characteristics and diversity has not been conducted extensively in the study
region. Therefore, in this study, we aimed to conduct biometric trait characterization and
multivariate discriminant analysis of traditionally bred autochthonous chickens in Ethiopia,
assess the wide range of phenotypic diversity within these populations, and identify the
principal components of the biometric traits contributing to this variation.

2. Materials and Methods
2.1. Site Selection and Sampling Approaches

The study was conducted in the Agarfa and Goba districts of the Bale administrative
zone of the Oromia Regional State, which is located 430 km southeast of Addis Ababa (the
capital city of the Oromia regional state, the Federal Democratic Republic of Ethiopia). The
administrative zone has 11 districts and 2 urban self-administrative towns. Bale Zone has
an altitude of 300–4377 m above sea level, with longitudes 38◦40’–46◦3’ E and latitudes
4◦11’–8◦11’ N. Rainfall per annum ranges between 1100 and 1300 mm, while the mean day
and night temperatures range between 3.5 and 30 ◦C.

Multi-stage purposive sampling techniques were used to select the representative
districts and kebeles (the smallest administrative units within a district) in the zone. In
the first stage, two districts, Agarfa and Goba, were selected based on their potential for
autochthonous chicken production. In the second sampling stage, six kebeles were selected
from two districts based on the distribution of the autochthonous chicken population.
Accordingly, three kebeles from each district were proportionally selected. In the third
stage, 180 households with at least 4 adult chickens of both sexes and sufficient experience in
chicken rearing were randomly selected, proportional to the population size of the selected
kebeles. A total of 176 males and 544 females were sampled from the two districts. Most
rural communities in the country traditionally manage and rear all autochthonous chickens
included in this study for egg and meat production, as well as breeding for replacement
stocks. Roosters reach their ideal slaughter age at 24 weeks (6 months), and the same
applies to hens for egg production. Therefore, all adult chickens aged 28–112 weeks were
included in the biometric trait and body weight measurements and clustered into three
groups—age group 1 (AG-1), age group 2 (AG-2), and age group 3 (AG-3)—to compare the
effect of age on the traits. The chicken owners determined the age of their chickens using
a recall method. Additionally, proximity to all-weather roads and the negligible chance
of the presence of exotic/crossbred chickens (owing to the lack of an outreach program
in the near past) were considered. At least two neighboring households sharing the same
rooster were excluded from the study to avoid the risk of sampling chickens that shared
the same rooster.

2.2. Biometric Traits and Body Weight Measurement

Data on nine biometric traits, including body length (BL), keel length (KL), back length
(BkL), chest circumference (CC), shank length (SL), wingspan length (WL), neck length
(NL), shank circumference (SC), and body weight (BW), were measured following the
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descriptor list of FAO [1], as indicated in Table 1. All biometric traits were measured
in centimeters with calipers and a textile measuring tape. Body weight, however, was
recorded in kilograms using a portable spring balance (SALTER Model 235, Salter Brecknell,
West Midland, UK) with a weighing capacity of 10 kg and an accuracy of 50 g.

Table 1. Descriptions of biometric trait measurements and how the trait was measured.

Biometric Trait Traits Measurement Descriptions

Body length Extending from the tip of the beak to the tip of the tail (cloacae)
Back length From the insertion of the neck into the body to the base of the tail

Chest circumference The circumference around the deepest region of the breast
Keel length The length between vertices of the sternum leaning the bird on its back
Neck length The length between the nape and insertion of the neck into the body
Shank length The length between the hock joint to the spur of either leg

Shank circumference The circular measurement in the middle of the shank
Wingspan length The length between the tips of the right and left wings after a full stretch

2.3. Statistical Analysis

All data pertaining to biometric traits and body weight measurements were encoded
and documented in a Microsoft Excel spreadsheet and, subsequently, archived as a “CSV”
file. Data analyses, graphical data visualization, and presentations were performed using
SAS 2012 ver. 9.4, and R software ver. 4.3.1 [11].

2.3.1. Univariate Analysis

The GLM procedure was used to assess the effects of age, sex, district, and their
interactions on autochthonous chicken biometric traits and body weight measurements.
Age, sex, and district were independent variables. Means were compared using Duncan’s
multiple range test (p ≤ 0.05). The following model was used to illustrate the effects of age
group, sex, district, and their interactions on autochthonous chicken biometric traits and
body weight measurements:

Yijk = µ+ Ai + Sj + Dk + (SD)ij + εijk

where Yijk represents the observed value of individual phenotypes; µ is the vector of the
overall mean; Ai is the vector fixed effect of the age group (i = age group 1 (AG-1), age group
2 (AG-2), and age group 3 (AG-3)); Sj represents the vector fixed effect of sex (j = rooster and
hen); Dk denotes the vector fixed effect of district (k = Agarfa and Goba); SDij represents
the interaction effect of sex with district; and εijk accounts for the effect of the random error
term on the analysis.

2.3.2. Multivariate Analysis

The associations between biometric traits and body weight measurements, as repre-
sented by the Pearson correlation coefficient matrix, were assessed using multiple corre-
spondence analysis in R software. The results were analyzed and visualized using the
“FactoMineR”, “factoextra”, and “correlation” packages.

To discern variations and identify the most significant components contributing to
the overall variability in the dataset, biometric traits and body weight measurements
were subjected to a stepwise discriminant analysis procedure using principal component
analysis (PCA) in R software. Initially, all variables for the autochthonous chickens were
subjected to PCA to determine the most discriminant traits for the entire population.
Subsequently, the biometric traits and body weight measurements of the autochthonous
hens and roosters were analyzed separately using principal component analysis to identify
the most significant traits or combinations of traits contributing to the variances among the
studied populations.
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3. Results
3.1. Sexual Dimorphism and the District Effect

The investigation of biometric traits and body weight revealed a highly significant
difference in sexual dimorphism (p ≤ 0.05) (Table 2). Autochthonous roosters exhibited
higher values for most biometric traits and body weight measures than hens, except for the
keel length (KL), regardless of the district. Sex affected all biometric traits and body weight.

Table 2. Effects of sex and sex–district interaction on biometric traits and body weight measurements
in autochthonous hens and roosters (mean ± SD).

Effect All Sex District—Hen District—Rooster

Biometric Traits and
Body Weight Hen (n = 544) Rooster (n =

176) Agarfa (n = 316) Goba (n = 228) Agarfa (n = 104) Goba (n = 72)

Chest circumference 23.97 ± 1.2 b 25.19 ± 1.2 a 24.27 ± 0.9 a 23.55 ± 1.35 b 25.42 ± 1.1 a 24.85 ± 1.27 b

Back length 16.8 ± 1.0 b 17.71 ± 1.1 a 17.34 ± 0.7 a 16.05 ± 0.73 b 18.11 ± 1.0 a 17.13 ± 0.94 b

Wingspan length 42.14 ± 1.8 b 43.86 ± 2.0 a 42.83 ± 1.6 a 41.19 ± 1.77 b 44.29 ± 1.9 a 43.23 ± 1.98 b

Shank length 7.72 ± 1.1 b 8.54 ± 1.0 a 8.38 ± 0.8 a 6.8 ± 0.60 b 8.8 ± 0.90 a 8.17 ± 0.97 b

Shank circumference 3.84 ± 0.2 b 3.98 ± 0.2 a 3.85 ± 0.2 a 3.82 ± 0.14 a 4.02 ± 0.2 a 3.92 ± 0.14 b

Neck length 10.06 ± 1.0 b 11.3 ± 1.1 a 10.23 ± 1.0 a 9.82 ± 1.05 b 11.49 ± 1.2 a 11.02 ± 1.04 b

Keel length 9.34 ± 1.2 a 9.54 ± 1.3 a 9.73 ± 1.0 a 8.79 ± 1.17 b 9.89 ± 1.2 a 9.03 ± 1.18 b

Body length 35.63 ± 1.1 b 39.18 ± 1.2 a 35.88 ± 1.1 a 35.27 ± 1.11 b 39.54 ± 0.9 a 38.65 ± 1.38 b

Body weight 1.32 ± 0.2 b 1.52 ± 0.2 a 1.35 ± 0.2 a 1.29 ± 0.16 b 1.55 ± 0.2 a 1.47 ± 0.18 b

a,b Means with different superscript letters are significantly different for each biometric trait and body weight
between all sexes and districts’ hens and roosters (p ≤ 0.05). n = number of chickens sampled. Biometric traits
were measured in centimeters, and body weight was measured in kilograms (kg). The number in the bracket is
total number of chickens sampled for the respective categories.

The biometric traits and body weights of autochthonous hens from Agarfa and Goba
are presented in Table 2. A significant difference was observed between the autochthonous
hens from the two districts (p ≤ 0.05), except for the shank circumference. The results
indicated that the values of all biometric traits and body weight measurements were higher
in Agarfa autochthonous hens (p ≤ 0.05).

The biometric traits and body weights of the autochthonous roosters from the two
districts are presented in Table 2. Significant differences were observed in all traits (p ≤ 0.05).
The findings indicated that the values of all traits were higher among autochthonous
roosters in the Agarfa district than in the Goba district (p ≤ 0.05).

3.2. Age Group and District Effect

Table 3 shows the effects of age group and district on the biometric traits and body
hens. BkL, SC, BL, and BW did not differ significantly among the three age groups (p > 0.05),
whereas NL did differ significantly (p ≤ 0.05). CC and KL values differed significantly
between AG-1 and AG-3 and between AG-2 and AG-3 (p ≤ 0.05). WL was significantly
different between AG-1 and AG-3, and SL was significantly different between AG-1 and
AG-2 (p ≤ 0.05). Concerning the district effect, BkL, WL, NL, and KL differed significantly
among the three age groups in Agarfa (p ≤ 0.05). CC and BL differed significantly between
AG-1 and AG-2, and CC and SL differed significantly between AG-2 and AG-3 (p ≤ 0.05).
No significant differences in SC or BW were observed among the three age groups (p > 0.05).
Autochthonous hens in the Goba district showed significant differences in BkL and WL
between AG-1 and AG-2 as well as in WL, SL, NL, and BW between AG-1 and AG-3
(p ≤ 0.05). However, CC, SC, KL, and BL did not differ significantly across age groups for
Goba hens (p > 0.05).

Table 3 also illustrates the average values of the age groups and district effects on
biometric traits and body weight in autochthonous roosters. CC, BkL, WL, SL, NL, KL, and
BL differed significantly between AG-1 and AG-3, with AG-3 exhibiting the highest values
(p ≤ 0.05). CC also differed significantly between AG-2 and AG-3, with AG-3 showing
the highest values (p ≤ 0.05). BL showed a difference between AG-1 and AG-2, with
higher values in AG-2 (p ≤ 0.05). No differences were observed between SC and BW in the
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autochthonous roosters. In addition, no differences in biometric traits or body weight were
found across the age groups in the Agarfa district. In the Goba district, CC, BkL, WL, SL,
and BL were significantly different between AG-1 and AG-3, with higher values in AG-3
(p ≤ 0.05). The WL was higher in the AG-3 group than in the AG-2 group. The BW was
higher in the AG-2 group than in the AG-1 group.

Table 3. Effects of age group and district on biometric traits and body weight in autochthonous hens
and roosters (mean ± SD).

All Agarfa Goba

Group AG-1 AG-2 AG-3 AG-1 AG-2 AG-3 AG-1 AG-2 AG-3

Hen n = 166 n = 285 n = 93 n = 124 n = 147 n = 45 n = 42 n = 138 n = 48

CC 23.89 ± 1.01 b 23.92 ± 1.2 b 24.27 ± 1.39 a 24.07 ± 0.91 b 24.29 ± 0.84 b 24.77 ± 0.80 a 23.36 ± 1.13 a 23.53 ± 1.29 a 23.79 ± 1.65 a

BkL 16.79 ± 0.89 a 16.8 ± 0.9 a 16.81 ± 1.11 a 17.13 ± 0.67 a 17.41 ± 0.64 b 17.72 ± 0.69 c 15.81 ± 0.69 b 16.16 ± 0.75 a 15.95 ± 0.66 ab

WL 41.83 ± 1.78 b 42.24 ± 1.8 ab 42.41 ± 1.92 a 42.33 ± 1.55 c 43.01 ± 1.43 b 43.61 ± 1.54 a 40.34 ± 1.60 b 41.42 ± 1.84 a 41.29 ± 1.53 a

SL 7.99 ± 1.09 a 7.54 ± 1 b 7.76 ± 1.1 ab 8.45 ± 0.82 ab 8.25 ± 0.74 b 8.61 ± 0.81 a 6.65 ± 0.57 b 6.79 ± 0.58 ab 6.96 ± 0.66 a

SC 3.85 ± 0.16 a 3.84 ± 0.2 a 3.82 ± 0.14 a 3.85 ± 0.16 a 3.85 ± 0.17 a 3.82 ± 0.15 a 3.82 ± 0.15 a 3.83 ± 0.14 a 3.81 ± 0.14 a

NL 9.79 ± 0.87 c 10.06 ± 1 b 10.52 ± 1.14 a 9.87 ± 0.87 c 10.27 ± 0.89 b 11.09 ± 0.94 a 9.54 ± 0.82 b 9.84 ± 1.10 ab 9.99 ± 1.06 a

KL 9.17 ± 0.99 b 9.3 ± 1.1 b 9.72 ± 1.38 a 9.37 ± 0.87 c 9.77 ± 0.89 b 10.59 ± 0.94 a 8.59 ± 1.09 a 8.81 ± 1.17 a 8.91 ± 1.22 a

BL 35.6 ± 1.06 a 35.67 ± 1.1 a 35.55 ± 1.32 a 35.75 ± 1.02 b 35.92 ± 1.05 ab 36.12 ± 1.23 a 35.15 ± 1.06 a 35.4 ± 1.10 a 35.02 ± 1.17 a

BW 1.32 ± 0.18 a 1.32 ± 0.2 a 1.34 ± 0.15 a 1.34 ± 0.18 a 1.36 ± 0.18 a 1.34 ± 0.13 a 1.25 ± 0.19 b 1.28 ± 0.14 ab 1.34 ± 0.17 a

Rooster n = 41 n = 73 n = 62 n = 18 n = 45 n = 41 n = 23 n = 28 n = 21

CC 24.8 ± 1.17 b 25.06 ± 1.2 b 25.59 ± 1.2 a 25.43 ± 0.97 a 25.43 ± 0.97 a 25.70 ± 1.16 a 24.31 ± 1.09 b 24.31 ± 1.09 ab 25.38 ± 1.29 a

BkL 17.34 ± 1.12 b 17.7 ± 1 ab 17.95 ± 1.14 a 18.11 ± 0.75 a 18.11 ± 0.75 a 18.15 ± 1.26 a 16.74 ± 1.00 b 16.74 ± 1.00 ab 17.56 ± 0.75 a

WL 43.18 ± 2.05 b 43.76 ± 2 ab 44.42 ± 1.77 a 44.13 ± 1.54 a 44.13 ± 1.54 a 44.47 ± 1.97 a 42.43 ± 2.12 b 42.43 ± 2.12 b 44.33 ± 1.33 a

SL 8.1 ± 0.91 b 8.53 ± 0.9 a 8.85 ± 1.05 a 8.54 ± 0.63 a 8.54 ± 0.63 a 9.01 ± 1.12 a 7.76 ± 0.96 b 7.76 ± 0.96 ab 8.55 ± 0.85 a

SC 3.97 ± 0.19 a 3.99 ± 0.2 a 3.97 ± 0.16 a 4.08 ± 0.21 a 4.08 ± 0.21 a 4.00 ± 0.16 a 3.89 ± 0.13 a 3.89 ± 0.13 a 3.90 ± 0.14 a

NL 10.94 ± 1.07 b 11.25 ± 1.1 ab 11.6 ± 1.15 a 11.18 ± 1.25 a 11.18 ± 1.25 a 11.76 ± 1.20 a 10.75 ± 0.89 a 10.75 ± 0.89 a 11.28 ± 0.99 a

KL 9.29 ± 1.08 b 9.4 ± 1.3 ab 9.86 ± 1.3 a 9.58 ± 1.25 a 9.58 ± 1.25 a 10.16 ± 1.20 a 9.06 ± 0.89 a 9.06 ± 0.89 a 9.27 ± 1.31 a

BL 38.73 ± 1.43 b 39.18 ± 1.1 a 39.47 ± 1.1 a 39.39 ± 0.82 a 39.39 ± 0.82 a 39.68 ± 1.01 a 38.21 ± 1.60 b 38.21 ± 1.60 ab 39.05 ± 1.17 a

BW 1.47 ± 0.2 a 1.53 ± 0.2 a 1.53 ± 0.17 a 1.56 ± 0.13 a 1.56 ± 0.13 a 1.56 ± 0.17 a 1.41 ± 0.22 b 1.41 ± 0.22 b 1.48 ± 0.14 a

a–c Means with different superscript letters are significantly different between age groups among all hens, roosters,
and district categories for each trait (p ≤ 0.05). n = number of chickens sampled, SD: standard deviation, the
number displayed beneath each age group represents the total number of hens and roosters within each respective
group category; AG: age group; AG-1: between 28 and 56 weeks; AG-2: between 57 and 84 weeks; AG-3: between
85 and 112 weeks of age; BW: body weight; CC: chest circumference; BkL: back length; WL: wingspan length;
SL: shank length; SC: shank circumference; NL: neck length; KL: keel length; BL: body length. BW was measured
in kilograms, whereas other biometric traits were measured in cm.

3.3. Phenotypic Correlations

The phenotypic correlations between biometric traits and body weight for all au-
tochthonous chicken populations, regardless of sex, are presented in Figure 1A. The results
revealed that all phenotypic correlations between biometric traits and body weight were
positive and significant (p ≤ 0.001) in the entire population. The strongest correlation
was observed between wingspan length (WL) and back length (BkL) (p ≤ 0.001), with a
correlation coefficient of 0.73. Significant positive correlations were also observed between
the autochthonous chicken populations between keel length and neck length (0.69), shank
length and back length (0.59), and shank length and wingspan length (0.50) (p ≤ 0.001).
However, a relatively lower positive correlation was observed between the shank circumfer-
ence and wingspan length (0.13), as well as between body weight and shank circumference
(0.13), for the autochthonous chicken population (p ≤ 0.001).

Figure 1B presents the phenotypic correlation values between the biometric traits and
BW of the Ethiopian autochthonous roosters. The highest correlation value was observed
between KL and NL (0.84) and between WL and BkL (0.77), with a significance value of
p ≤ 0.001. Although no significant correlations were found between certain biometric traits
and body weight, no negative correlations were observed among these traits in Ethiopian
autochthonous roosters.

The phenotypic correlation between the biometric traits and body weight of au-
tochthonous Ethiopian hens is presented in Figure 1C. The presented values indicate
the correlation between traits with different significance levels and the degrees of cor-
relation. The strongest correlations were observed between NL and KL (0.70), BkL and
WL (0.65), and BkL and SL (0.57) (p ≤ 0.001). SC demonstrated the lowest correlation
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with most other traits and exhibited a negative correlation with some traits in Ethiopian
autochthonous hens.
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Figure 1. Correlation matrix plot with significance value. (A) Between all traits for all autochthonous
chickens (n = 720). (B) Between all traits for autochthonous roosters (n = 176). (C) Between all traits for
autochthonous hens (n = 544). The distribution of each variable is shown on the diagonal. On the top
of the diagonal, to the right, the value of the Pearson correlation coefficient along with the significance
level is represented as stars. On the bottom of the diagonal, to the left, bivariate scatterplots featured
with a fitted line are displayed. Each significance level is denoted by corresponding p-values of 0.001
(***), 0.01 (**), and 0.05 (*). Abbreviations: CC: chest circumference; BkL: back length; WL: wingspan
length; SL: shank length; SC: shank circumference; NL: neck length; KL: keel length; BL: body length;
BW: body weight.

3.4. Multivariate Discriminant Analysis

Table 4 presents the eigenvalues, total variance percentages, rotated component matri-
ces, and communalities of the biometric traits and weights of the autochthonous hens and
roosters. Communalities denote the amount of variance in each variable that is explained by
or attributed to the components, indicating the extent to which the components contribute
and capture the variability observed for each specific variable. Communality values ranged
from 0.412 to 0.668 for all variables, 0.134 to 0.680 for hens, and 0.222 to 0.814 for roosters.
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The eigenvalue results provide the amount of variance accounted for by each component,
with higher eigenvalues indicating a greater proportion of the total variance.

Table 4. Eigenvalues, percentage of total variance, rotated component matrix, and communalities of
biometric traits and body weight measurements of autochthonous hens and roosters.

All Chickens Hens Rooster

Variables PC1 PC2 Communalities PC1 PC2 Comm PC1 PC2 Communalities

Chest circumference 0.320 −0.278 0.492 0.288 0.018 0.262 0.280 −0.244 0.362
Back length 0.398 0.187 0.668 0.454 −0.164 0.680 0.370 0.488 0.814

Wingspan length 0.366 0.250 0.601 0.394 −0.246 0.559 0.362 0.449 0.743
Shank length 0.372 0.148 0.572 0.409 −0.134 0.549 0.390 0.017 0.551

Shank circumference 0.199 −0.505 0.440 0.047 0.691 0.557 0.232 −0.414 0.423
Neck length 0.378 0.164 0.597 0.375 0.379 0.608 0.391 −0.364 0.731
Keel length 0.317 0.458 0.633 0.425 0.293 0.669 0.398 −0.347 0.734
Body length 0.343 −0.422 0.665 0.203 −0.056 0.134 0.309 0.155 0.378
Body weight 0.257 −0.366 0.412 0.156 −0.430 0.289 0.205 0.228 0.222
Eigenvalues 3.971 1.109 - 3.621 1.337 - 3.156 1.151 -
% variance 44.120 12.320 - 35.070 12.790 - 40.230 14.860 -

PC1: principal component 1, PC2: principal component 2.

A scatter plot of the first and second principal component (PC) analyses of biometric
traits and body weights of all autochthonous chicken populations is shown in Figure 2A.
The results indicate that two principal components, denoted as the first principal component
(PC1) and the second principal component (PC2), had eigenvalues of 3.971 and 1.109,
respectively. Together, these two principal components contributed 56.44% of the total
variance in the nine original variables for biometric traits and body weight measurements
across all the autochthonous chicken populations studied. Among the nine traits, PC1
had high loadings for back length (0.398), neck length (0.378), shank length (0.372), and
wingspan length (0.366), whereas PC2 was positively correlated with keel length (0.458).

Figure 2B shows a scatter plot of the first and second principal component analyses
(PCA) of the biometric traits and body weights of autochthonous roosters. In the rooster
dataset, two PCs were extracted, with eigenvalues of 3.156 for PC1 and 1.151 for PC2, which
accounted for 55.09% of the total variance in the original variables. PC1 had high positive
loadings for the keel length (0.398), neck length (0.391), and shank length (0.390). PC2 had
the strongest positive correlation with wingspan length (0.449) and back length (0.488).

Figure 2C presents a scatter plot illustrating the results of the first and second principal
component analyses (PCA), along with their loadings for the biometric traits and body
weights of the autochthonous hens. The two principal components explained 47.86% of
the variance, with eigenvalues of 3.621 for PC1 and 1.337 for PC2. PC1 exhibited the
strongest correlation with the back length (0.454), keel length (0.425), and shank length
(0.409), whereas PC2 demonstrated a significant positive correlation with the shank circum-
ference (0.691).
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Figure 2. Scatter plot of the first and second principal component analyses of biometric traits and
body weights. (A) PCA of all autochthonous chicken populations; (B) PCA of autochthonous rooster
populations; (C) PCA of autochthonous hen populations.

4. Discussion

Mean and standard deviation analyses showed significant differences in biometric
traits and body weights between autochthonous hens and roosters, reflecting sexual dimor-
phism and sex–district interactions. Sex had a significant effect on biometric traits and body
weight, with autochthonous roosters having higher values than hens, with the exception
of keel length. Autochthonous roosters outperformed hens in this study, likely because of
the sexual dimorphism caused by higher male sex hormone levels, which leads to greater
muscle growth in males [12,13].
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Autochthonous roosters and hens had a mean body weight of 1.52 kg and 1.32 kg,
respectively, regardless of district. This can be explained by sexual dimorphism, as males
and females have different growth rates [12,13]. Agarfa hens (1.35 kg) and roosters (1.55 kg)
had higher body weights than Goba hens (1.29 kg) and roosters (1.47 kg). It is possible that
the higher body weights of Agarfa hens and roosters were due to genotype–environment
interactions and not just sexual dimorphism. The rooster values in this study were similar
to those reported by Getu et al. [14] and Negassa et al. [15] but lower than those reported
by Halima [16]. In contrast, Aklilu [17] reported higher values. However, Getu et al. [14]
and Negassa et al. [15] found similar body weights to hens in the present study, whereas
Alemu and Tadelle [18] reported lower values. Differences in body weight between studies
may be due to genetic and non-genetic factors, such as management practices, including
feeding, watering, and night sheltering.

The chest circumferences of autochthonous roosters (25.19 cm) and hens (23.97 cm)
differed significantly, which was likely due to sexual dimorphism. This follows Rensch’s
law of sexual size dimorphism [19]. The CC values showed a genotype-by-environment
interaction, with Agarfa autochthonous roosters and hens having higher values than those
from Goba. Chest circumference is economically important because of the position of
vital organs and more space leads to better muscle development [20]. The chest circumfer-
ences of the roosters observed in the present study aligned with the findings of Yisma [21].
Aklilu [17] reported that Horro and Jarso roosters from Ethiopia with higher chest circum-
ference had higher body weights than those with lower chest circumference. The hens’
chest circumference in the present study differed from that of Yisma [21] from the North
Shewa part of Ethiopia. Agarfa autochthonous roosters and hens had a higher CC than
Goba autochthonous roosters and hens. In addition, individuals with higher body weights
had higher CC in both autochthonous roosters and hens.

The body lengths of autochthonous roosters (39.18 cm) and hens (35.63 cm) were
significantly different, regardless of location, with roosters having higher values than hens.
This finding is in agreement with Rensch’s law [19], which states that sexual dimorphism
applies to body length. The results also showed that Agarfa hens (35.88 cm) and roosters
(39.54 cm) had significantly higher values than Goba hens (35.27 cm) and roosters (38.65 cm)
(p ≤ 0.05) of the same sex. Chickens with longer body lengths (BL) are expected to have
higher BW because the skeletal dimensions of such birds are expected to be larger [22].
The current findings regarding the body length of roosters were consistent with those of
Aklilu [17]. The body lengths of the roosters in the present study were greater than those
reported in the North Gonder Zone of Ethiopia [14]. However, the body lengths of the hens
were closely aligned with the findings of the same study. Overall, autochthonous roosters
and hens from Agarfa exhibited greater body lengths than those from Goba.

Regardless of location, autochthonous roosters and hens had significantly differ-
ent shank lengths (SL) and circumferences (SC) (p ≤ 0.05). Agarfa hens (8.38 cm) and
roosters (8.8 cm) had higher SL than Goba hens (6.8 cm) and roosters (8.17 cm). Agarfa au-
tochthonous roosters (4.02 cm) had a wider SC than Goba autochthonous roosters (3.97 cm).
Longer shanks and wider SCs are associated with higher body weights [23]. Getu et al. [14]
also reported similar SL and SC values in autochthonous roosters. The shank lengths of the
hens in this study were similar to those reported by Getu et al. [14] in northern Ethiopia.
Negassa et al. [15] reported lower values of these traits, whereas Melesse and Negesse [23]
reported higher values. In this study, autochthonous chickens of both sexes with wider SC
and longer SL had higher body weights than those with narrower SC and shorter SL.

The analysis of wingspan length indicates that, regardless of location, there were
significant differences between autochthonous hens (42.14 cm) and roosters (43.86 cm),
which aligns with the principles of sexual dimorphism. The results of the current study
indicate that autochthonous hens (42.83 cm) and roosters (44.29 cm) from Agarfa performed
better than autochthonous hens (41.19 cm) and roosters (43.23 cm) from Goba. The WL of
both sexes observed in this study was lower than that reported by Getu et al. [14] in the
North Gondar region of Ethiopia. However, the current findings demonstrate significantly
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higher values than those reported by Negassa et al. [15] in the Arsi Zone of Southeastern
Oromia, Ethiopia. In addition, Guni et al. [24] reported higher values in the southern
highlands of Tanzania. Chickens with longer wingspans usually have strong pectoral
muscles that are helpful during flight [25].

Keel length analysis revealed a significant difference between Agarfa hens (9.73 cm)
and roosters (9.89 cm) and between Goba hens (8.79 cm) and roosters (9.03 cm). Agarfa
roosters and hens had longer keel bones than Goba roosters, suggesting skeletal variations.
Keel length corresponds to the length of the sternum of birds [26]. Kokoszyński et al. [27]
found that keel length followed sexual dimorphism and was correlated with thoracic
length. The rooster keel length in the current study was similar to that reported by Ne-
gassa et al. [15], whereas Getu et al. [14] recorded shorter keel bone lengths in roosters
from northern Gondar, Ethiopia. The keel bone length of the hens in the present study was
greater than that reported by Aklilu et al. [4] in Horro and Jarso, Ethiopia.

In this study, we observed that some biometric traits differed with age. Both the
roosters and hens exhibited slight increases in CC, WL, NL, and KL with age. SC and BW
did not change significantly among the three age groups, contradicting the observation of
Brito et al. [28] regarding the difference in CC between the first and third groups. However,
the BW of roosters increased with age, which is consistent with a report by Brito et al. [28]
that there were significant differences in body weight among the three age groups of
roosters. An increase in the BW was accomplished by strengthening the rooster shank. In
hens, in addition to an increase in BW, more evident differences have been observed in
chest and wing enlargement. Chest circumference is a good indicator of meatiness in most
poultry species [29,30].

Phenotypic correlations between biometric traits and body weight measurements
of autochthonous Ethiopian chicken populations are shown in Figure 1A–C. The results
showed that the BW of roosters and hens correlated with most of the traits studied. The BW
of the hens was positively correlated with all traits except that it was negatively correlated
with SC. However, rooster BW was positively correlated with all traits studied across all
populations. Each trait was correlated with other traits. Among the traits studied in both
chicken populations, NL and KL and BL and WL were highly correlated, whereas the other
traits showed low to moderate correlations. The BW of roosters and hens, which correlated
with most of the traits studied, was in line with the findings of Adeniji and Ayorinde [31]
and Fayeye et al. [32]. However, in contrast to the findings of Paxton et al. [33], the SC
was negatively correlated among hens and weakly correlated among roosters. Significant
correlations between the chest circumference and all traits, irrespective of sex, except SC,
aligned with the findings of Semakula et al. [34]. Significant correlations were also observed
among all traits studied, including body length (BL), wing length (WL), shank length (SL),
neck length (NL), and keel length (KL), which is consistent with the findings of Vincent
et al. [35]. The presence of positive and significant correlations between biometric trait
measurements and body weight in all autochthonous chicken, hen, and rooster populations
suggests strong predictability among these variables. Similar observations were reported
by Ajayi et al. [36], Mendes [37], Putra and Ilham [38] and Udeh and Ogbu [39]. A positive
phenotypic correlation between most biometric traits and body weight indicates that body
weight can be estimated or predicted using biometric trait measurements [40–42].

Discriminant analysis was conducted to identify the biometric traits and body weight
measurements that were most significant in differentiating the autochthonous chicken, hen,
and rooster populations. The eigenvalues of the total variance, rotated component matrix,
and communalities of the traits under investigation indicated the extent to which each
principal component explained the total variance of the observed traits after the varimax
rotation of the component matrix. Principal components (PCs) with eigenvalues of 3.971
for PC1 and 1.109 for PC2 were calculated in all autochthonous chickens. Similarly, we
calculated PCs with eigenvalues of 3.621 for PC1 and 1.337 for PC2 for the hen samples. In
contrast, PCs with eigenvalues of 3.156 for PC1 and 1.151 for PC2 were calculated for the
roosters. For all autochthonous chickens, PC1 explained 44.12% of the total variance, and
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PC2 explained 12.32%. When combined, the first two PCs accounted for 56.44% of the total
variability of the measured traits. Although PC1 explained 40.23% of the variance and PC2
explained 14.86%, they accounted for a combined value of 55.09% of the total variability
observed in the measured rooster traits. Similarly, the first two PCs for hens accounted
for 35.07% (PC1) and 12.79% (PC2) of the total variance. When combined, the first two
PCs accounted for 47.86% of the total variability of the measured traits. All autochthonous
chicken and rooster groups showed higher values for the combined principal components
compared to the autochthonous hen group, indicating a greater amount of total variability
in the measured traits. Mendes [37] suggested that, in most cases, the first principal
component (PC1) effectively summarizes the data. According to Udeh and Ogbu [39], PC1
can be used to describe the generalized form of broiler chickens. The communality values
observed in this study varied across the chicken categories. For all chickens, the range was
0.412 (BW) to 0.668 (BkL). For hens, the range was 0.134 (BL) to 0.680 (BkL). For roosters,
the range was 0.222 (BW) to 0.814 (BkL). These values indicate that the dataset was suitable
for PCA in all groups. The higher communality values observed for back length (BkL) in
the three groups indicate the strength of the biometric trait measurements in explaining the
total variation. Mendes [37] provided a similar explanation for the higher communality
values observed in Ross broilers, and Yakubu et al. [43] for Arbor Acre broilers. However,
the lower communality values observed for the other traits in the three groups indicate a
weakness in the ability of the biometric trait measurements to explain the total variance.
Udeh and Ogbu [39] reported a similar finding, indicating that the lower communality
values observed for body measurements in Arbor Acre broilers suggests that these body
parameters have a weaker ability to explain the total variation in body measurements.

5. Conclusions

Univariate analyses of biometric traits and body weight indicated sexual dimorphism,
with roosters having higher biometric traits and body weights than hens. For biometric
traits and body weight, the analysis of the location effect indicated that for both sexes, roost-
ers and hens from the Agarfa district had higher values than their counterparts from the
Goba district. The majority of biometric and body weight measurements in autochthonous
chickens showed variability between the AG-1 and AG-3 categories across the study area.
The positive phenotypic correlations between most biometric traits and body weight mea-
surements indicated that BW can be estimated from biometric traits. Multivariate analysis
using PCs is useful for differentiating between the components of biometric traits and body
weight, which are the most discriminating variables for separating autochthonous chickens
from the two districts. BkL in all autochthonous chicken populations and hens and KL in
roosters were the most discriminating variables in differentiating autochthonous chickens
from the Agarfa and Goba districts. This study analyzed quantitative data from biometrics
and body weight to differentiate the total variation within the studied population. However,
molecular-based characterization should be considered for the appropriate differentiation,
conservation, and utilization of autochthonous Ethiopian chickens to properly unravel the
genetic distinctiveness among the autochthonous chicken genotypes.
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