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Abstract: This study characterized the morpho-biometric features of indigenous chickens across six districts of West Arsi
and East Shoa zones of Oromia Region State, Ethiopia, using multivariate techniques. Data were collected from 621 mature
chickens (134 males, 487 females). Univariate analysis revealed significant district-level variation in morphometric traits
(p < 0.001), with Lume chickens exhibiting the highest values, and Siraro and Shashemene the lowest. Shank length and
body weight had the highest model explanatory power (R?: 0.58-0.64). Qualitative traits displayed distinct patterns, with
red and brown plumage predominating in males and females, respectively, while rose and single combs, white-red earlobes,
white skin, plain head shapes, and yellow shanks were the most prevalent. Multiple correspondence analysis highlighted
associations between qualitative traits and districts, with the first two dimensions explaining 70.23% of the variance. Quadratic
discriminant analysis classified chickens into their districts of origin with 41.80-91.30% accuracy, which was highest for Bora
and Lume. Stepwise discriminant analysis identified seven traits (females) and four (males) as key discriminators, while
canonical discriminant analysis revealed that the first two functions explained 98% of the variance in both female and male
chickens, with strong between-district differentiation. Biplots confirmed that East Shoa chickens (larger in size) clustered
separately from West Arsi populations. These findings underscore the phenotypic diversity of Ethiopian indigenous chickens,
which is likely shaped by genetic, environmental and cultural factors. This diversity offers opportunities for targeted breeding
and conservation programmes. Future studies should integrate genetic analyses to elucidate admixture and enhance breeding
strategies.

Keywords: East Shoa zone, Morphometric traits, Multivariate analysis, Phenotypic diversity, West Arsi zone

Citation: Negash, FE and Abdulkadir, U. (2026) “Multivariate analysis of morpho-biometric diversity in indigenous chickens
from two zones of Oromia Regional State, Ethiopia”, Genetic Resources, 7(13), pp. 12-28. doi: 10.46265/genresj.PUGG4952.

© Copyright 2025 the Authors.

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Introduction

Poultry production serves as a critical component
of Ethiopia's livestock system, playing a pivotal role in
enhancing food security, generating income, and improving
livelihoods for smallholder farmers. According to recent
statistics (FAO, 2024), the country's poultry population stands
at approximately 55 million chickens, with indigenous breeds
being predominant. Despite their low productivity compared
with commercial breeds, indigenous chickens are well-adapted
to local environmental challenges. They thrive under low-
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input management systems, enduring poor feed resources,
harsh climatic conditions and prevalent disease pressures.
These adaptations derive from hereditary traits that produce
varied responses to environmental stimuli, closely tied to
anatomical-physiological features developed through natural
selection (Ngeno et al, 2014). This evolutionary process has
resulted in a wide genetic diversity within indigenous chicken
populations.

The phenotypic diversity observed in Ethiopian indigenous
chicken populations (Dana et al, 2010; Melesse and Negesse,
2011; Moreda et al, 2014; Negassa et al, 2014; Getachew et
al, 2016; Tareke et al, 2018; Bekele et al, 2021; Mustefa et
al, 2021; Mekonnen et al, 2023; Muluneh et al, 2023; Belay
et al, 2024; Chebo et al, 2024; Markos et al, 2024; Begna et
al, 2025) reflects their adaptation to various agroecological
conditions. The remarkable diversity in indigenous
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chicken genetic resources likely stems from heterogeneous
agroecological zones, diverse climatic conditions and distinct
poultry-keeping practices shaped by varying production
objectives (Dessie et al, 2011; Lawal and Hanotte, 2021).
These chickens have developed both distinctive phenotypes
and unique genetic profiles through generations of targeted
breeding by local communities and natural selection
(Mekonnen et al, 2023). Moreover, the observed diversity has
been attributed to ethnic and cultural influences, historical
migration patterns, and the country's strategic location in the
Horn of Africa, serving as a crossroads between Asia and the
Western world (Hassen et al, 2007).

This diversity serves as a vital foundation for breeding
programmes aimed at improving productivity while
preserving adaptive traits. It also plays a crucial role in
the food security and livelihoods of marginalized farmers
(Cabarles et al, 2012). However, these valuable genetic
resources face mounting threats from shifting production
systems, uncontrolled crossbreeding, environmental
degradation and natural disasters (Besbes, 2009). Such
pressures risk permanent genetic erosion, particularly in
areas where exotic chicken breeds are being introduced.
Since the loss of indigenous genetic resources is irreversible,
urgent conservation measures are needed to safeguard these
populations and their unique traits (Liyanage et al, 2015).
The characterization of indigenous chickens — including
their production environments and management systems —
should serve as a fundamental requirement for developing
sustainable conservation and utilization strategies as well as
genetic improvement programmes for these genetic resources
(Yussif et al, 2023; Liswaniso et al, 2024).

Both quantitative and qualitative morphological traits
provide valuable tools for assessing genetic diversity
in indigenous chickens (Getachew et al, 2016). This
characterization yields critical information about current
utilization potential while documenting population status and
evaluating extinction risk (Tixier-Boichard et al, 2008; FAO,
2012). While numerous phenotypic characterization studies
have been conducted across Ethiopia, a notable gap remains
in multivariate analyses of chicken populations. This study
specifically addresses this gap by employing multivariate
statistical techniques to examine the morphological and
biometric traits of indigenous chickens in selected districts of
the West Arsi and East Shewa zones of the Oromia Regional
State. This research aims to identify distinct phenotypic
variations that will inform strategic breeding approaches
and promote sustainable utilization of Ethiopia's valuable
indigenous chicken genetic resources.

Materials and methods
Study area

This study was conducted in three districts, each from
the East Shoa (i.e. Adama, Bora and Lume) and West Arsi
(i.e. Dodola, Shashemene and Siraro) zones of Oromia
Regional State, located in central and south-central Ethiopia.
The districts were purposively chosen because of their
socioeconomic importance in poultry production and high
populations of indigenous chickens. Data were collected from
randomly selected smallholder farmers who reared exclusively
indigenous, non-descript chicken types — traditional breeds
naturally adapted to local conditions.

Data generation

Morphometric measurements and qualitative morphological
features were collected from 621 mature indigenous chickens
(134 males and 487 females) aged eight months or older, an
age threshold defined by Dana et al (2010). The number of
male chickens from Adama, Lume, Bora, Dodola, Shashemene
and Siraro were 25, 22, 23, 21, 21 and 22, respectively, while
the corresponding numbers of female chickens were 79,
83, 79, 81, 81 and 84. Age was determined through farmer
recall, and this threshold was selected because indigenous
chickens are known to mature slowly (Melesse and Negesse,
2011). Sampling mature animals was also necessary due to
the age-dependent expression and environmentally sensitive
nature of most quantitative traits (FAO, 2012). Body weight
was measured using a hanging spring balance, while linear
measurements were taken with a textile measuring tape.

All the measurements followed standardized protocols
(FAO, 2012):

* Body length (BL): Distance from the beak tip (rostrum
maxillae) to the tail base (cauda; excluding tail feathers)

* Chest circumference (CC): Girth at the deepest point of
the breast

e Shank length (SL): Tarsometatarsus length, measured
from the flexed hock joint to the spur base

* Shank circumference (SC): Circumference at the midpoint
of the shank

* Wing span (WS): Distance between the tips of both fully
extended wings

e Wattles length (WL): Linear measurement from the
wattle’s origin to its distal tip

e Comb length (CL): Distance from the comb’s anterior
insertion (near the beak) to the posterior tip of the largest
lobe.

Qualitative traits, including feather distribution and
morphology, body plumage colour, shank colour, shank
feather (absent/present), skin colour, earlobe colour, earlobe
presence, comb type, head shape and spur presence, were
also evaluated on the basis of standardized descriptors used
in previous studies (Dana et al, 2010; Melesse and Negesse,
2011).

Statistical analysis

The data were analyzed using various procedures in JMP
Pro 17.0.0 (SAS Institute Inc., 2022). First, separate one-
way ANOVAs were conducted for male and female chickens
to examine differences in morphometric variables among
chickens from the six districts. Significantly different means
were compared using Tukey's HSD test at p < 0.05. The
statistical model used was:

Yij =+ Ai + e

Where Y; is the individual morphometric or morphological
measurement; p is the overall mean; A, is the fixed effect of
the district (i = 1 to 6); and e; is the random error.

Second, contingency analysis incorporating frequency
distributions (percentages) and Pearson's chi-square (y2)
tests were performed to assess qualitative morphological
variables. The x2 test was employed to assess the degree of



14 Negash and Abdulkadirb

Genetic Resources (2026), 7(13), 12-28

variation in these traits across the six districts. Third, multiple
correspondence analysis (MCA) was used to visualize
associations among categorical morphological traits and
identify variation patterns.

Finally, discriminant analysis techniques - including
quadratic discriminant analysis (QDA), stepwise discriminant
analysis (SDA) and canonical discriminant analysis (CDA)
— were applied (JMP Statistical Discovery LLC, 2022) to
discriminate chickens from the six districts on the basis
of morphometric variables. The original eight traits were
analyzed using QDA separately for males and females, with
classification accuracy determined as the percentage of
individuals correctly assigned to their respective districts. The
SDA was then applied to these eight traits to select the most
discriminative ones. The selected traits were subsequently
analyzed using CDA to evaluate morphometric differentiation
among district populations. CDA drives set new variables,
called canonical functions (CAN), from linear combinations of
the original variables (Conte et al, 2018). These functions are
designed to maximize the discrimination among the classes
specified by the categorical grouping variable (i.e. district).

Results

Univariate analysis

Table 1 presents descriptive statistics for morphometric
variables of indigenous chickens sampled across six districts,
including univariate test results. All traits showed highly
significant variation (p < 0.001) among districts for both
sexes. The difference was also observed between male
and female birds. Chickens from Lume district consistently
exhibited the highest values for most traits, while those from
Siraro and Shashemene districts showed the lowest values.

Notably, Lume chickens recorded the highest mean body
weights (1854.55g for males and 1435.37g for females),
whereas Siraro and Shashemene chickens had the lowest
weights. SL and BW demonstrated the highest Rz and F values
in both sexes. The greatest coefficients of variation (CV) were
observed for WL and BW, ranging from 8.56% to 33.72% in
males and from 6.28% to 45.52% in females.

Tables 2, 3 and 4 present descriptive statistics for
qualitative traits. The body plumage colour distribution varied
significantly across districts for both sexes (Table 2; p <
0.0001). Among males, red plumage predominated (52.99%),
particularly in Siraro district (90.91%), while white and multi-
coloured plumage were uncommon. Females showed different
patterns, with brown plumage being most common (50.72%)
and Kokima colouration being prevalent in Siraro (41.67%),
following brown colour. District-level variation in comb type
was more pronounced in females (p < 0.0001; Table 3), with
the single comb being the most common (44.03%). Rose and
pea combs were more common in specific districts.

Most qualitative traits exhibited significant district-specific
patterns, except for feather distribution and shank feather
presence (Table 4). The majority of chickens had normal
feathers (94.52%), though silky feathers were present
in Shashemene and Siraro. Yellow shanks predominated
(51.69%), especially in Siraro, while white skin was most
common overall (62.80%). However, yellow skin prevailed
in Shashemene and Siraro. Nearly all chickens had earlobes
(97.58%), with white and red or red-spotted white being
dominant (36.07%), particularly in Adama, Lume and Bora.
Plain heads were most common (66.51%), except in Adama,
where snake-like heads predominated (42.31%). While most
chickens lacked spurs (55.39%), the majority in Shashemene
district possessed spurs.

Table 1. Descriptive statistics and univariate test results for morphometric traits of chickens sampled across six districts (n = 621; 134
males and 487 females). The levels (mean values) not connected by the same letter in a row are significantly different at p < 0.05. Standard
deviations (SD) indicate the average variability across all districts. CV, coefficients of variation; BW, body weight; BL, body length; CC, chest
circumference; SL, shank length; SC, shank circumference; WS, wingspan; CL, comb length; WL, wattle length; AD, Adama; LM, Lume; BR,
Bora; DD, Dodola; SH, Shashemene; SR, Siraro.

Variable Sex District SD CV% R? Fvalue pvalue
AD LM BR DD SH SR
BW, g Male 1412.00° 1854.55* 1256.22"¢ 1090.48« 971.43¢ 977.27¢ 402.21 31.74 0.58 35.21 < 0.0001
Female 1206.33" 1435.37¢ 1085.90¢ 841.98¢ 720.99¢ 715.48¢ 34293 34.34 0.61 148.61 < 0.0001
BL, cm Male 38.52° 40.86* 36.57° 36.62° 36.81°  36.64° 2.79 7.40  0.32 12.14 < 0.0001
Female 35.79° 36.102 34.75° 33.16¢ 33.26¢ 32.90¢ 2.32 6.76  0.31 43.57 < 0.0001
CC,cm  Male 27.80 29.55° 25.70¢ 28.86®  27.33>  27.09 2.63 9.50 0.22 7.40 < 0.0001
Female 25.44¢ 26.40® 24.49¢ 26.56° 26.23%c 2567 2.08 8.05 0.11 12.25 < 0.0001
SL, cm Male 9.98° 10.892 10.09° 8.33¢ 8.40¢ 8.25¢ 1.31 1395 0.62 42.40 < 0.0001
Female 8.28° 8.822 8.220 6.88¢ 6.86° 6.88¢ 1.01 13.23 0.64 171.23 < 0.0001
SC, cm Male 4.64* 4.98* 4.50° 3.98° 3.92b 3.84° 0.72 16.63 0.34 13.21 < 0.0001
Female 3.94b 4.16° 3.77° 3.43¢ 3.30¢ 3.16¢ 0.57 15.68 0.40 63.38 <0.0001
WS, cm  Male 41.36° 45.77* 40.39° 42.43° 41.95>  41.86" 3.62 8.56  0.22 7.11 <0.0001
Female 38.07° 39.13° 38.09° 37.50b¢ 36.95¢ 36.82¢ 2.37 6.28 0.11 12.06 <0.0001
CL, cm Male 6.10° 7.68? 6.30° 6.17° 5.67° 5.61° 1.67 26.67 0.18 5.14 0.0002
Female 3.33b 3.952 2.95¢ 3.09% 2.99bd 2.63¢ 091 2883 0.21 25.16 <0.0001
WL,cm  Male 3.60b 4.66° 3.37% 3.93® 3.10% 2.84¢ 1.21 33.72 0.24 7.99 <0.0001
Female 1.54b 1.85% 1.39%¢ 1.16« 1.09¢ 0.93¢ 0.61 45.52 0.26 33.79 <0.0001
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Table 2. Frequency distribution (percent) of body plumage colour and chi-square test results by sex (n = 621; 134 males and 487 females).
Local plumage colour names are as follows: Gebsima, wheaten stripes on black; Teterima, black or red speckles on white; Kokima, white or
grey stripes on brown/red; Wesera, mixed white and red; Zigrima, black-and-white spotted (Dana et al, 2010; Melesse and Negesse, 2011).
AD, Adama; LM, Lume; BR, Bora; DD, Dodola; SH, Shashemene; SR, Siraro.

Colour District Total mean Chi-square p value
AD LM BR DD SH SR
Male 69.64 < 0.0001
White 16.00 36.36 13.04 14.29 0.00 0.00 13.43
Red 32.00 22.73 43.48 61.93 71.43 90.91 52.99
Gebsima 24.00 9.09 17.39 4.76 14.29 0.00 11.94
Brown 20.00 13.64 0.00 0.00 0.00 4.55 6.72
Kokima 0.00 0.00 0.00 4.76 0.00 0.00 0.75
Wesera 8.00 4.55 21.74 14.29 14.29 4.55 11.19
Multicolour 0.00 13.64 4.35 0.00 0.00 0.00 2.99
Female 152.33 < 0.0001
White 12.66 15.66 17.72 9.88 2.47 0.00 9.65
Black 13.92 7.23 10.13  16.05 0.00 1.19 8.01
Red 2.53 6.02 12.66 1.23 0.00 0.00 3.71
Gebsima 2.53 3.61 1.27 1.23 0.00 0.00 1.44
Teterima 5.06 0.00 3.80 2.47 2.47 0.00 2.26
Brown 51.90 42.17 44.30 39.51 70.37 55.95 50.72
Kokima 10.13 16.87 7.59  29.63 23.46 41.67 21.77
Wesera 0.00 6.02 2.53 0.00 0.00 0.00 1.44
Zigrima 1.27 241 0.00 0.00 0.00 0.00 0.62
Multicolour 0.00 0.00 0.00 0.00 1.23 1.19 0.41

Table 3. Frequency distribution (percent) of comb type and chi-square test results by sex (n = 621; 134 males and 487 females). AD,
Adama; LM, Lume; BR, Bora; DD, Dodola; SH, Shashemene; SR, Siraro.

Comb type District Total mean Chi-square p value
AD LM BR DD SH SR
Male 15.80 0.7292
Single 44.00 45.45 43.48 23.81 33.33 31.82 37.31
Rose 48.00 50.00 39.13  66.67 47.62  63.64 52.24
Pea 4.00 0.00 0.00 4.76 4.76 0.00 2.24
Strawberry 4.00 4.55 13.04 4.76 14.29 4.55 7.46
Cushion 0.00 0.00 4.35 0.00 0.00 0.00 0.75
Female 68.53 < 0.0001
Single 31.65 48.19 42.31 49.39 51.85 40.48 44.03
Rose 30.38 33.73 37.18 23.46 29.63 44.05 33.13
Pea 21.52 241 5.13 2222 14.81 14.29 13.77
Walnut 0.00 6.02 2.56 0.00 0.00 0.00 1.44
Strawberry 15.19 8.43 10.26 4.94 3.70 1.19 7.20

Cushion 1.27 1.20 2.56 0.00 0.00 0.00 0.82
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Table 4. Frequency distributions (percent) and chi-square test results for qualitative morphological traits (n = 621; 134 males and 487
females). AD, Adama; LM, Lume; BR, Bora; DD, Dodola; SH, Shashemene; SR, Siraro; Ebab-ras, snake-like head; Gutya, crest head.

Trait District Total mean Chi-square p value
AD LM BR DD SH SR
Feather morphology 42.38 < 0.0001
Normal 100.00 99.05 100.00 95.10 85.29 87.74 94.52
Silky 0.00 0.95 0.00 4.90 14.71 12.26 5.48
Feather distribution 10.84 0.0546
Normal 100.00 97.14 100.00 100.00 100.00 99.06 99.36
Naked neck 0.00 2.86 0.00 0.00 0.00 0.94 0.64
Shank colour 127.87 < 0.0001
White 50.96 45.71 39.22 13.73 20.59 9.43 29.95
Black 8.65 0.95 3.92 2.94 1.96 1.89 3.38
Yellow 26.92 41.90 37.25 56.86 69.61 77.36 51.69
Green 1.92 0.00 0.98 0.00 0.00 0.00 0.48
Grey /grey-blue 11.54 11.43 18.63 26.47 7.84 11.32 14.49
Shank feather 8.06 0.1529
Absent 96.15 96.19 98.04 98.04 100.00 100.00 98.07
Present 3.85 3.81 1.96 1.96 0.00 0.00 1.93
Skin colour 246.07 < 0.0001
White 82.69 82.86 85.29 50.98 30.39 44.34 62.80
Yellow 12.50 1.90 0.98 47.06 66.67 55.66 30.76
Blue-black 0.00 0.00 0.00 1.96 2.94 0.00 0.81
Grey 4.81 15.24 13.73 0.00 0.00 0.00 5.64
Earlobe presence 14.01 0.0155
Absent 0.96 0.00 0.00 5.88 4.90 2.85 2.42
Present 99.04 100.00 100.00 94.12 95.10 97.17 97.58
Earlobe colour 301.28 < 0.0001
White 10.58 5.71 28.43 41.18 25.49 13.21 20.61
Red 22.12 37.14 18.63 38.24 23.53 28.30 28.02
Yellow 0.00 0.00 0.00 5.88 27.45 39.62 12.24
White and red 66.35 56.19 51.96 13.73 14.71 13.21 36.07
Yellow and red 0.00 0.00 0.00 0.98 8.82 5.66 2.58
Black 0.96 0.95 0.98 0.00 0.00 0.00 0.48
Head shape 66.06 < 0.0001
Ebab-ras 42.31 24.76 24.51 23.53 14.71 4.72 22.38
Gutya 15.38 4.76 16.67 9.80 13.73 6.60 11.11
Plain/flat 42.31 70.48 58.82 66.67 71.57 88.68 66.51
Spur presence 32.42 < 0.0001
Absent 55.77 60.95 60.78 59.80 30.39 64.15 55.39
Present 44.23 39.05 39.22 40.20 69.61 35.85 44.61
Multivariate analysis
strongly associated with plain head and brown plumage.
The two-dimensional biplot (Figure 1) illustrates Traits such as silky feathers, yellow-red earlobe, red plumage
the distribution and associations of qualitative and yellow skin were positioned far from the origin of the
morphological traits across districts. Chickens first dimension (Dim 1). Similarly, traits such as Zigirima

from Shashemene and Siraro districts clustered closely
with yellow skin, while those from Adama, Lume and Bora
grouped near grey skin, white plumage, strawberry combs,
white-red combs and white shanks. Dodola chickens were

plumage, cushion comb, Wesera plumage, green shank, silky
feather, shank feather, Gebsima plumage, red plumage, naked
neck and walnut comb, among others, were distantly located
from the origin of Dim 2.
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Figure 1. Biplot from correspondence analysis displaying associations between qualitative traits of chickens and their sampling districts.

Table 5 presents the Benzécri-adjusted inertia
decomposition, revealing that the first two dimensions
collectively explained 70.23% of the total variance (Dim 1:
47.19%; Dim 2: 23.04%). Partial contributions to inertia
(Supplemental Table 1) indicate that Dim 1 was primarily
defined by silky feathers, red plumage, yellow skin/shank,
spur presence, and red earlobes, while Dim 2 was driven
by yellow skin/earlobes, red plumage, red-spotted white
earlobes, white skin and pea combs.

Table 5. Benzécri-adjusted inertia decomposition of qualitative
morphological traits (n = 621; 134 males and 487 females).

Dimension Inertia Adjusted Percent Cumulative

inertia percent
1 0.2025 0.0151 47.19 47.19
2 0.1689 0.0074 23.04 70.23
3 0.1513 0.0044 13.76 84.03
4 0.1298 0.0018 5.74 89.76
5 0.1227 0.0012 3.83 93.60
6 0.1150 0.0007 2.20 95.79
7 0.1111 0.0005 1.55 97.34
8 0.1074 0.0003 1.02 98.36
9 0.1040 0.0002 0.65 99.01
10 0.1018 0.0001 0.45 99.46
11 0.0998 0.0001 0.30 99.76
12 0.0967 0.0000 0.13 99.89
13 0.0954 0.0000 0.08 99.96
14 0.0938 0.0000 0.03 100.00
15 0.0920 0.0000 0.00 100.00

In this study, QDA was employed instead of linear
discriminant analysis (LDA) due to the presence of unequal
covariance matrices across the different chicken populations.
The analysis successfully classified chickens into their
respective districts of origin (Table 6). Chickens from
Bora (88.31% of females and 91.30% of males) and Lume
(67.10% of females and 90.90% of males) showed the highest
classification accuracy, whereas Adama females and Dodola
males had the lowest. Misclassification patterns revealed that
36.71% of female and 24.00% of male chickens from Adama
were misassigned to Bora, while 19.00% of females and 16%
of males were misassigned to Lume. Similarly, 24.39% of
females and 9.09% of males from Lume were misclassified to
Bora. Additionally, 22.10% of female and 23.80% of
male chickens from Dodola were erroneously grouped
into Shashemene, with a similar proportion of both sexes
misassigned to Siraro. Furthermore, a substantial proportion
of female and male chickens from Shashemene and Siraro
were reciprocally misclassified into each other’s districts.

The SDA identified seven morphometric traits (SL, BW, CC,
CL, WS, SC and BL) for females and only four traits (SL, CC,
BW and WS) for males as the most discriminative variables
(Table 7). The analysis revealed that BW, CC and SL in
females and SL in males exhibited the highest discriminatory
power (indicated by their higher F and Wilks’ Lambda values;
p < 0.0001), while BL in females and WS in males were less
effective for group discrimination (reflected by their lower F
values).
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Table 6. Classification results showing the number (and percentage) of correctly assigned male and female chickens (n = 621; 134 males

and 487 females). AD, Adama; LM, Lume; BR, Bora; DD, Dodola; SH, Shashemene; SR, Siraro.

District AD LM BR DD SH SR Total

Female
AD 33 (41.80) 15 (19.00) 29 (36.71) 0 (0.00) 2 (2.53) 0 (0.00) 79 (100.00)
LM 6 (7.32) 55 (67.10) 20 (24.39) 1(1.22) 0 (0.00) 0 (0.00) 82 (100.00)
BR 2 (2.60) 6 (7.79) 68 (88.31) 0 (0.00) 0 (0.00) 1 (1.30) 77 (100.00)
DD 1 (1.30) 0 (0.00) 2 (2.60) 41 (53.20) 17 (22.10) 16 (20.80) 77 (100.00)
SH 2 (2.53) 0 (0.00) 1(1.27) 7 (8.86) 48 (60.80) 21 (26.60) 79 (100.00)
SR 1(1.25) 0 (0.00) 4 (5.00) 4 (5.00) 24 (30.00) 47 (58.80) 80 (100.00)

Male
AD 13 (52.00) 4 (16.00) 6 (24.00) 0 (0.00) 2 (8.00) 0 (0.00) 25 (100.00)
LM 0 (0.00) 20 (90.90) 2(9.09) 0 (0.00) 0 (0.00) 0 (0.00) 22 (100.00)
BR 1 (4.35) 0 (0.00) 21 (91.30) 1 (4.35) 0 (0.00) 0 (0.00) 23 (100.00)
DD 0 (0.00) 1 (4.76) 0 (0.00) 10 (47.60) 5 (23.80) 5 (23.80) 21 (100.00)
SH 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 16 (84.20) 3 (15.80) 19 (100.00)
SR 0 (0.00) 0 (0.00) 0 (0.00) 3(13.60) 3(13.60) 16 (72.70) 22 (100.00)

Table 7. Stepwise selection summary of the most discriminative morphometric traits for female and male chickens (n = 621; 134 males
and 487 females). BW, body weight; BL, body length; CC, chest circumference; SL, shank length; SC, shank circumference; WS, wingspan;

CL, comb length.

Step Entered F value p value Wilks’ Lambda
Female

1 SL 19.73 < 0.0001 0.36
2 BW 33.47 < 0.0001 0.28
3 CC 23.33 < 0.0001 0.20
4 CL 4.14 0.0011 0.16
5 WS 6.88 < 0.0001 0.19
6 SC 4.40 0.0006 0.17
7 BL 3.27 0.0065 0.18
Male

1 SL 14.45 < 0.0001 0.38
2 CC 5.28 0.0002 0.26
3 BW 7.02 < 0.0001 0.19
4 WS 5.09 0.0003 0.15

The CDA extracted five and four canonical discriminant
functions (CAN) in females and males, respectively (Table
8). The first two functions explained approximately 98% of
the variance in both sexes. CAN1 accounted for the majority
of the variance (91.77% for females, 81.58% for males),
while CAN2 explained 6.09% and 16.55% for females and
males, respectively. CAN1 exhibited greater correlations
(0.8857 and 0.8596 for females and males, respectively)
with the groups. For both sexes, CAN1 had a lower Wilks’
Lambda of 0.16.

Figure 2 shows the relationships between the
morphometric traits selected through SDA and the two
most discriminating functions across the six districts. For
female chickens, CAN1 effectively discriminated between

chickens from Adama, Lume and Bora populations, while
CAN2 discriminated among Lume, Dodola and Shashemene
populations. For male chickens, CAN1 differentiated
chickens from Adama, Lume and Bora, whereas CAN2
distinguished between Lume and Dodola populations. In
females, CAN1 was strongly correlated with SL, BW, SC
and BL, while CAN2 was predominantly associated with CC
and CL, as evidenced by higher loadings (Table 9). Male
chickens exhibited different patterns, with CAN1 being most
strongly linked to SL and BW, while CAN2 was correlated
with CC, WS and BW. In the biplot, districts from East Shoa
were positioned on the right (high CAN1) for both sexes,
with Lume exhibiting the highest CAN1 value, while districts
from West Arsi clustered on the left (low CAN1).
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Table 8. Summary of canonical discriminant functions for male and female chickens (n = 621; 134 males and 487 females). CAN, canonical

function.
CAN Eigenvalue Percent (%) Cumulative % Canonical corr. Wilks’ Lambda F value p value
Female
CAN1 3.6409 91.77 91.77 0.8857 0.1597 30.39 <0.0001
CAN2 0.2417 6.09 97.86 0.4412 0.7412 6.04 <0.0001
CAN3 0.0551 1.39 99.25 0.2285 0.9203 2.61 0.0007
CAN4 0.0198 0.50 99.75 0.1393 0.9710 1.72 0.0895
CANS 0.0098 0.25 100.00 0.0988 0.9902 1.53 0.2060
Male
CAN1 2.8296 81.58 81.58 0.8596 0.1558 15.37 <0.0001
CAN2 0.5742 16.55 98.13 0.6039 0.5965 5.90 <0.0001
CAN3 0.0593 1.71 99.84 0.2366 0.9390 1.33 0.2428
CAN4 0.0054 0.16 100.00 0.0733 0.9946 0.34 0.7122

Figure 2. Biplot of canonical discriminant functions and structure loadings for female (upper) and male (lower) chickens. BW, body weight;
BL, body length; CC, chest circumference; SL, shank length; SC, shank circumference; WS, wingspan; CL, comb length; AD, Adama; LM,
Lume; BR, Bora; DD, Dodola; SH, Shashemene; SR, Siraro.
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Table 9. Standardized canonical coefficients and canonical
structures for female and male chickens from six districts (n = 621;
134 males and 487 females). CAN, canonical function.

Trait Standardized canonical Canonical structure
coefficient

CAN 1 CAN2 CAN 1 CAN2
Female
SL 0.5636 -0.3135 0.9031 0.0122
BW 0.7737 0.2445 0.8587 0.3827
CC -0.5539 0.6804 -0.1274 0.7539
CL —-0.0323 0.5191 0.3837 0.6564
WS -0.4422 -0.0626 0.3564 0.2370
SC 0.1965 0.3021 0.6971 0.2761
BL 0.2330 -0.3188 0.6172 0.1335
Male
SL 0.8242 -0.5826 0.9177 0.1345
CC -0.5370 0.4198 0.0742 0.7846
BW 0.6652 0.5986 0.7964 0.6023
WS -0.3777 0.5410 0.1688 0.7123

Analysis of interclass distances (Table 10) based on the
differences between class means on discriminant functions
for CAN1, which accounted for the majority of the variance in
both sexes, revealed clear geographical differentiation. Lume
district chickens were significantly different from those in all
three districts in the West Arsi zone (Shashemene, Siraro and
Dodola, in that order). CAN1 also effectively discriminated
between Adama and the three districts in West Arsi, as well
as between Bora and those same districts. Notably, districts
within the same geographical zone clustered more closely
together.

Table 10. The distance between mean vectors of each class for
male (above diagonal) and female (below diagonal) chickens (n
= 621; 134 males and 487 females). AD, Adama; LM, Lume; BR,
Bora; DD, Dodola; SH, Shashemene; SR, Siraro.

District AD LM BR DD SH SR
Male
AD 1.13 030 283 2.72 2.74
LM 0.92 082 396 385 3.86
BR 039 132 314 303 304
DD Female .40 432 301 011 0.10
SH 362 454 322 022 0.02
SR 353 445 314 013  0.09
Discussion

Univariate analysis

In animal breeding, metrics such as body weight, length,
and wither height serve as valuable proxies for economic
performance due to their strong correlation with production
output (FAO, 2012). The highly significant differences in
morphometric traits among districts observed in this study
align with previous findings in Ethiopia (Getachew et al,
2016; Assefa and Melesse, 2018; Tareke et al, 2018; Melesse

et al, 2021; Mekonnen et al, 2023; Belay et al, 2024; Chebo
et al, 2024) and other countries (Habimana et al, 2021;
Liswaniso et al, 2024; Yaemkong et al, 2024). Variations in
specific measurements across studies are likely attributable
to differing management systems, as noted by Melesse et al
(2021). These authors further emphasized that phenotypic
variations may arise from genotypic and environmental
factors and their interactions, which are crucial for long-term
genetic adaptation to specific production environments.

Live BW is an economically important trait in animal
production. In this study, chickens from the Lume district
were the heaviest, followed by those from Adama. These
values exceed those reported from other parts of Ethiopia
(Hassen et al, 2007; Getu et al, 2014; Nigussie et al, 2015;
Bekele et al, 2021) and other countries (Daikwo et al, 2011;
Rotimi et al, 2016) but are lower than reports from elsewhere
(Maharani et al, 2021; Moto and Rubanza, 2023). The BW
of male (1854.55) and female (1435.37) chickens from
Lume were higher than those found by Aklilu et al (2013)
and Tamirat et al (2023). Such geographic variations are
likely associated with differences in production environment,
management practices, genetic background and the age at
measurement.

Similarly, chickens from Lume and Adama were longer-
bodied. The BL of male chickens from Adama was similar to
that of males from other districts. Chickens from these two
districts were longer than those reported from other parts
of Ethiopia (Getu et al, 2014; Nigussie et al, 2015; Tamirat
et al, 2023; Markos et al, 2024) and Nigeria (Daikwo et al,
2011), but shorter than chickens in other Ethiopian studies
(Balcha et al, 2022) and other countries (Rotimi et al, 2016;
Habimana et al, 2021; Moto and Rubanza, 2023). CC was
highest in male chickens from Lume and in female chickens
from Dodola. These values were higher than those in several
previous reports (Nigussie et al, 2015; Balcha et al, 2022;
Bayou et al, 2022; Mekonnen et al, 2023; Belay et al, 2024),
though higher values have been documented in other
Ethiopian studies (Aklilu et al, 2013; Tadese et al, 2024) and
other country (Moto and Rubanza, 2023).

Higher values for shank traits (SL and SC) were recorded
in chickens from Lume, followed by Adama and Bora. The SL
values in these districts exceeded those from previous studies
(Daikwo et al, 2011; Getu et al, 2014; Nigussie et al, 2015;
Habimana et al, 2021; Maharani et al, 2021; Mekonnen et
al, 2023), though longer shanks have also been reported
(AKlilu et al, 2013; Markos et al, 2024). Long shanks are an
adaptation for heat dissipation in tropical climates (Aklilu et
al, 2013), which may explain their prevalence in the districts
within Ethiopia's Central Rift Valley region. Udeh et al (2011)
reported a relationship between SL and semen traits that
varies by breed. They found SL to be a significant predictor
of sperm motility in exotic cocks and the proportion of live
sperm in local cocks. Long shanks in indigenous chickens,
which are suitable for fast running, may also facilitate
predator avoidance (Besbes, 2009; Ngeno et al, 2014).

Lume chickens exhibited greater WS, with values in other
districts being closely related. Chickens from other parts of
Ethiopia (Nigussie et al, 2015; Bekele et al, 2021; Bayou
et al, 2022) and Rwanda (Habimana et al, 2021) exhibited
greater WS, while lower values have been reported (Markos
et al, 2024; Tadese et al, 2024). Udeh et al (2011) found a
strong correlation between wing length and the proportion of
live sperm in local cocks (r = 0.59), indicating its utility as a
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predictor for this trait.

Chickens from Lume had longer combs than those from
other districts, exceeding lengths reported previously
(Nigussie et al, 2015; Bekele et al, 2021; Belay et al, 2024;
Markos et al, 2024; Tadese et al, 2024). The relationship
between comb size and semen quality is complex and varies
by breed. While inverse correlations have been observed in
some studies (Udeh et al, 2011; Navara et al, 2012), Udeh et
al (2011) also found CL to be a significant positive predictor of
sperm concentration in exotic cocks. A relationship between
comb size and BW has also been reported (Suyatno et al,
2023). Chickens from Lume had longer wattles than those
in other districts, with values higher than those in previous
reports (Nigussie et al, 2015; Bekele et al, 2021; Habimana
et al, 2021; Maharani et al, 2021; Belay et al, 2024; Tadese et
al, 2024). However, longer wattles have been found in other
Ethiopian regions (Markos et al, 2024).

This study clearly demonstrates that chickens from Lume
district consistently exhibited the highest values for key
morphometric traits, including BW, identifying them as a
high-priority population for selective breeding. Notably,
Lume is a district where small-scale exotic chicken farming
is common. Smallholder farmers often keep these breeds
under the assumption that they are high-yielding and can
improve indigenous stock through crossbreeding. Although
farmers who owned exotic chickens were purposely excluded
from this study, their uncontrolled distribution likely leads
to introgression with indigenous populations. Therefore, the
superior morphometric values in Lume may be associated with
crossbreeding rather than representing the pure potential of
the indigenous gene pool.

Significant sexual dimorphism was observed in all
morphometric measurements, with males being larger than
females, consistent with global studies (Liyanage et al, 2015;
Mekonnen et al, 2023; Yaemkong et al, 2024; Begna et al,
2025). This dimorphism likely results from a combination
of factors, including hormonally mediated superior muscle
development in males (Semakula et al, 2011), evolutionary
selective pressures such as intra-sexual competition or
divergent parental care (Owens and Hartley, 1998), and
different growth rates. This difference must be considered
when designing breeding programmes for meat improvement
(Habimana et al, 2021).

These morphometric traits, being polygenic, exhibit
continuous variation (FAO, 2012). The highly significant
(p < 0.001) differences for all traits confirm their strong
discriminatory power. SL and BW demonstrated the highest
F-values, revealing them as the most distinct traits and making
them excellent for differentiating the groups. Conversely, WS
and CC showed the weakest differentiation, making them poor
for distinguishing among these populations. Furthermore, SL
(R2 = 0.64 in females, 0.62 in males) and BW (R2 = 0.61 in
females, 0.58 in males) had the greatest model explanatory
power, meaning that district-level differences account for most
of their variation. This aligns with Getachew et al (2016),
who reported high explanatory power for BW. The observed
CV across districts (7.40-33.72% in males; 6.28-45.52%
in females) indicates substantial phenotypic heterogeneity,
with WL and BW contributing the most, consistent with prior
findings (Getachew et al, 2016).

Qualitative morphological traits such as plumage
colour, comb type and skin pigmentation are markers of
genetic diversity and adaptive features. They also hold

economic value by influencing market preferences, product
differentiation and breed valuation (Dana et al, 2010).
Studying this variation provides evolutionary insights and
reflects the socioeconomic context of subsistence farmers
(Desta et al, 2013; Yussif et al, 2023). While these traits have
less direct impact on production than quantitative traits, their
adaptive significance makes them relevant for conservation
(FAO, 2012).

This study revealed significant geographic variation in
qualitative traits, confirmed by y2 tests. This indicates that the
distribution of these traits is not the same across the districts.
Higher y2 values for traits like earlobe colour, skin colour,
feather colour and shank colour indicate their distribution
is non-random across districts. This distinct geographic
patterning, supported by MCA, suggests the existence of
locally adapted populations, providing a phenotypic basis for
targeted conservation and breeding strategies.

Avian colouration is influenced by complex interactions
between pigments (melanins, carotenoids, psittacofulvins)
and structural colours (Price-Waldman and Stoddard, 2021).
Indigenous chickens show greater plumage diversity than
standardized breeds (Tixier-Boichard et al, 2008). As also
noted by various authors (Besbes, 2009; Bibi et al, 2021;
Lawal and Hanotte, 2021; Chebo et al, 2023), indigenous
chickens in this study are invariably coloured birds that
display various plumage colours across the districts. This
variation results from feather development mechanisms,
genetics, and human selection (Cabarles et al, 2012).

The prevalence of red plumage in males and brown
plumage in females is also common in different Ethiopian
(Dana et al, 2010; Bekele et al, 2021; Begna et al, 2025) and
Philippine (Cabarles et al, 2012) indigenous chickens. This
pattern, inherited from the red junglefowl and reinforced
by natural selection, provides camouflage (Besbes, 2009;
Cabarles et al, 2012). However, a discrete choice experiment
in rural Ethiopia found a farmer preference for white plumage
over red (Terfa et al, 2019).

Regardless of sex differences, brown plumage is dominant
in Nigeria (Daikwo et al, 2011), Ethiopia (Moreda et al,
2014), and Zambia (Liswaniso et al, 2024), while red is most
common in other Ethiopian studies (Melesse and Negesse,
2011; Nigussie et al, 2015; Balcha et al, 2022). In the Borena
zone of Ethiopia, the majority of both male and female
chickens have white plumage, followed by red and brown
plumage (Wario et al, 2021), whereas most chickens from
North Wollo are white, followed by black and red (Achenef
et al, 2023). Black plumage, rare or absent here, is dominant
in Algeria (Moula et al, 2012), Nigeria (Egahi et al, 2010;
Ige et al, 2012), Thailand (Buranawit et al, 2016) and Sri
Lanka (Liyanage et al, 2015). Multicoloured plumage is most
common in Kenya (Otecko et al, 2019), Tanzania (Moto
and Rubanza, 2023) and Indonesia (Maharani et al, 2021),
while a greyish mixture is predominant in Pakistan (Bibi et
al, 2021).

Most chickens in this study had normal feather morphology
and distribution, consistent with reports from Ethiopia
(Melesse and Negesse, 2011; Nigussie et al, 2015; Assefa
and Melesse, 2018; Mustefa et al, 2021; Wario et al, 2021;
Balcha et al, 2022; Bayou et al, 2022; Achenef et al, 2023;
Chebo et al, 2023; Muluneh et al, 2023; Tamirat et al, 2023;
Tadese et al, 2024), Rwanda (Habimana et al, 2021), Ghana
(Birteeb and Boakye, 2020) and Uganda (Yussif et al, 2023).
While Dana et al (2010) reported nearly equal proportions
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of normal (58%) and silky (42%) feather types, most studies
(Ige et al, 2012; Rotimi et al, 2016; Begna et al, 2025) confirm
normal feathering is predominant.

The very low proportions or complete absence of silky,
naked neck, and frizzle feather phenotypes in the current
study suggest that farmers actively avoid selecting for these
traits, potentially due to cultural stigma, as in Nigeria (Ige et
al, 2012; Rotimi et al, 2016). Despite this, these genotypes
are valuable for disease resistance (Ngeno et al, 2014),
thermotolerance, improved feed-to-meat conversion and
growth performance (Duguma, 2006; Dana et al, 2010;
Melesse and Negesse, 2011). Naked-neck chickens are also
known for their improved immune competence, better meat
quality (e.g. lower cholesterol, higher dressing percentage),
and easier processing due to less feather plucking (Desta,
2021). About 10 to 12% of naked-neck chickens have been
reported in southwestern Ethiopia (Assefa and Melesse,
2018; Bayou et al, 2022).

In Ethiopia, farmers have historically culled single-combed
chickens, reducing their frequency (Desta et al, 2013;
Muluneh et al, 2023). In this study, single combs were most
common in females and rose combs in males, consistent with
Negassa et al (2014). This contrasts with Chebo et al (2023),
who found single combs most common in males, with females
having rose and single combs. Despite a reported fertility
reduction in roosters homozygous for the rose comb allele
(McLean and Froman, 1996), their high prevalence here may
be driven by cultural and market preferences (Chebo et al,
2023). The high prevalence of single combs may also relate
to heat dissipation (Moreda et al, 2014; Rotimi et al, 2016).
Selection practices should consider the association of comb
types with production and fertility (Chebo et al, 2023).

A single comb was the predominant type in both sexes of
indigenous chickens in Ethiopia (Mustefa et al, 2021; Wario
et al, 2021; Begna et al, 2025), Uganda (Yussif et al, 2023),
Zambia (Liswaniso et al, 2024), the Philippines (Cabarles et al,
2012; Picardal et al, 2015), Sri Lanka (Liyanage et al, 2015),
Bangladesh (Sarker et al, 2014) and Indonesia (Maharani
et al, 2021). Regardless of sex differences, this comb type
has been recorded in the majority of indigenous chickens in
Nigeria (Egahi et al, 2010; Daikwo et al, 2011; Ige et al, 2012;
Rotimi et al, 2016), Rwanda (Habimana et al, 2021), Ghana
(Birteeb and Boakye, 2020), Kenya (Otecko et al, 2019),
Tanzania (Moto and Rubanza, 2023), FEthiopia (Melesse
and Negesse, 2011; Moreda et al, 2014; Assefa and Melesse,
2018; Alebachew et al, 2019; Bekele et al, 2021; Balcha et al,
2022; Bayou et al, 2022; Achenef et al, 2023; Tamirat et al,
2023), Thailand (Buranawit et al, 2016) and Pakistan (Bibi
et al, 2021). However, pea combs occur in relatively high
proportions in some Ethiopian studies, typically followed by
single and rose combs (Hassen et al, 2007; Dana et al, 2010;
Getachew et al, 2016). It is also the second most prevalent
type, following rose combs (Nigussie et al, 2015).

A high proportion of yellow shanks was recorded,
consistent with findings in Ethiopia (Hassen et al, 2007,
Dana et al, 2010; Melesse and Negesse, 2011; Desta et al,
2013; Negassa et al, 2014; Nigussie et al, 2015; Assefa and
Melesse, 2018; Bekele et al, 2021; Mustefa et al, 2021; Balcha
et al, 2022; Bayou et al, 2022; Chebo et al, 2023; Muluneh
et al, 2023; Tamirat et al, 2023), Uganda (Yussif et al, 2023),
Nigeria (Daikwo et al, 2011), the Philippines (Cabarles et al,
2012), Sri Lanka (Liyanage et al, 2015), Rwanda (Habimana
et al, 2021), Tanzania (Moto and Rubanza, 2023), Pakistan

(Bibi et al, 2021) and Indonesia (Maharani et al, 2021). This
prevalence is likely associated with farmer preferences for
this phenotype (Desta et al, 2013). However, white shanks
are more common in Zambia (Liswaniso et al, 2024), Ghana
(Birteeb and Boakye, 2020), Nigeria (Rotimi et al, 2016) and
Ethiopia (Wario et al, 2021). Both white and yellow shanks
are predominantly found in Bangladesh (Sarker et al, 2014)
and Ethiopia (Achenef et al, 2023), which likely suggests
adaptations to heat dissipation in tropical climates (Moreda
et al, 2014). Black shanks are predominant in Nigeria (Egahi
etal, 2010) and Thailand (Buranawit et al, 2016). In domestic
chickens, shank colour variation is caused by a combination
of genes affecting carotenoid and melanin pigmentations,
polygenic modifiers and environmental factors (Chebo et al,
2023).

Nearly all chickens from the six districts had featherless
shanks, consistent with other Ethiopian (Hassen et al, 2007;
Moreda et al, 2014; Bekele et al, 2021; Chebo et al, 2023;
Muluneh et al, 2023) and Nigerian (Egahi et al, 2010)
reports. However, equal proportions of chickens in Ethiopia
have shanks with and without feathers (Begna et al, 2025).
While feathered shanks are often considered an adaptation
to colder climates (Ngeno et al, 2014), their absence in the
cooler highland district of Dodola suggests other influencing
factors.

Skin colour variation results from hybridization,
inheritance, mutations in pigmentation genes (Cabarles et al,
2012), and dietary carotenoids (Dana et al, 2010). Consistent
with the present findings, white skin is dominant in several
Ethiopian regions (Nigussie et al, 2015; Alebachew et al,
2019; Balcha et al, 2022; Achenef et al, 2023; Muluneh et
al, 2023; Begna et al, 2025) and other countries, including
Zambia (Liswaniso et al, 2024), Ghana (Birteeb and
Boakye, 2020), and the Philippines (Cabarles et al, 2012;
Picardal et al, 2015), often followed by yellow. Yellow skin
is predominant in some Ethiopian studies (Negassa et al,
2014; Assefa and Melesse, 2018; Tamirat et al, 2023) and is
common in commercial stocks (Eriksson et al, 2008). White
and yellow skin colours are also common in Pakistan (Bibi
et al, 2021). Red was identified as the second most common
skin colour after white in Ethiopia (Wario et al, 2021). As
birds cannot synthesize carotenoids (Price-Waldman and
Stoddard, 2021), differences in skin colour across indigenous
chicken populations are likely driven by variations in local
scavenging feed resources.

The current findings align with those of previous studies
from Ethiopia (Moreda et al, 2014; Nigussie et al, 2015;
Getachew et al, 2016; Alebachew et al, 2019; Chebo et al,
2023; Muluneh et al, 2023) and the Philippines (Picardal et
al, 2015), where white-red was the most prevalent colour,
followed by red and white. However, Danaetal (2010) reported
a different pattern, with red being the most common colour,
followed by white. A more distinct exception was reported by
Bekele et al (2021), who identified yellow as the predominant
colour, followed by red and white-red. Furthermore, a
majority of Thai native chickens were reported to have black
earlobes (Buranawit et al, 2016). Red earlobes have been
identified as the dominant type in indigenous chickens from
multiple countries, including Ethiopia (Melesse and Negesse,
2011; Desta et al, 2013; Negassa et al, 2014; Assefa and
Melesse, 2018; Mustefa et al, 2021; Balcha et al, 2022; Bayou
et al, 2022; Achenef et al, 2023; Tamirat et al, 2023; Tadese
et al, 2024; Begna et al, 2025), Rwanda (Habimana et al,
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2021), Zambia (Liswaniso et al, 2024), Indonesia (Maharani
et al, 2021), and Pakistan (Bibi et al, 2021). Conversely, white
earlobes were reported as the dominant phenotype in studies
from Ethiopia (Duguma, 2006), Ghana (Birteeb and Boakye,
2020), and Nigeria (Egahi et al, 2010; Ige et al, 2012).

Consistent with observations in indigenous chickens from
various Ethiopian regions (Dana et al, 2010; Moreda et al,
2014; Alebachew et al, 2019; Bekele et al, 2021; Mustefa et
al, 2021; Wario et al, 2021; Balcha et al, 2022; Bayou et al,
2022; Tamirat et al, 2023; Begna et al, 2025), Nigeria (Egahi
et al, 2010; Rotimi et al, 2016) and Ghana (Birteeb and
Boakye, 2020), the plain head type was predominant among
chickens in the present study. In contrast, snake-like heads
are more common than other head shapes in chickens from
certain Ethiopian regions (Negassa et al, 2014; Achenef et
al, 2023). While spurs were absent in most chickens in this
study, regardless of sex, Mustefa et al (2021) reported that
spurs were present in most males but absent in most females,
suggesting sex-dependent expression of this trait.

As noted by Desta et al (2013), the significant variation
across locations reflects the combined influence of ecological
factors (climate, geography) and traditional breeding
history. This broad diversity signifies a substantial gene pool
for genetic improvement through selective breeding and
provides a foundation for designing effective conservation
strategies for sustainable utilization of indigenous chicken
genetic resources (Tixier-Boichard et al, 2008; Dessie et al,
2011).

Multivariate analysis

While univariate analysis offers simplicity by examining
individual variables in isolation, multivariate analysis provides
more comprehensive and biologically meaningful insights by
evaluating multiple interrelated variables simultaneously.
MCA is an exploratory technique specifically designed to
analyze relationships among categorical variables (FAO,
2012). This approach generates a low-dimensional graphical
map of variable categories, revealing clustering patterns
and associations that pairwise tests (e.g. chi-square) cannot
detect (Abdi and Valentin, 2007; Sourial et al, 2010; Fithian
and Josse, 2017).

The resulting biplot (Figure 1) clearly demonstrates
these relationships, showing strong associations between
morphological variables and their geographic origins, a
pattern also observed in other studies (Nigussie et al, 2015;
Chebo et al, 2023). For instance, the clustering of yellow
skin near the Shashemene and Siraro districts indicates a
strong association, reflecting the high observed frequency of
this trait in both locations (Table 4). The proximity of other
qualitative traits to their respective sampling districts suggests
meaningful biological-geographic relationships. In MCA,
dimensions represent the largest deviations from variable
independence (Sourial et al, 2010). Consequently, traits
positioned farther from the origin, such as silky feathers (Dim
1) and Zigirima plumage colour (Dim 2), contribute most
significantly to the observed patterns. A variable's distance
from the origin corresponds to its power to differentiate
populations (Chebo et al, 2023).

A recognized limitation of MCA is its tendency to
underestimate the total explained variance (inertia), often
requiring adjustments (Benzécri or Greenacre corrections)
for accurate interpretation (Abdi and Valentin, 2007; Sourial

et al, 2010; Camiz and Gomes, 2016; Khangar and Kamalja,
2017). Compared to Greenacre's conservative approach,
the Benzécri method applies a more robust eigenvalue
reweighting (Veflen et al, 2017). Given that the principal
inertias of a Burt matrix produce numerous small eigenvalues,
this study utilized Benzécri-adjusted inertias for more reliable
variance estimation.

The first two dimensions in this study explained a greater
proportion of the total variance than some previous reports.
For instance, Chebo et al (2023) reported that the first two
dimensions collectively explained 20.21%, 15.73%, 30.59%
and 32.00% of the variance for different trait groups. Similarly,
Nigussie et al (2015) and Belay et al (2024) reported 29.85%
and 14.48%, respectively. In contrast, a study on Guinea
fowl reported a higher value of 89.69% (Traoré et al, 2018),
compared to the 70.23% obtained here.

Partial contributions to inertia quantify how much each
category contributes to the variance explained by each
dimension. Higher values indicate a more significant role in
defining that axis. For example, in this study (Supplemental
Table 1), the distinction between silky and non-silky feathers
was the primary contributor to Dimension 1, while the
presence or absence of yellow earlobes was more influential
in Dimension 2. These contributions help identify the key
traits driving population variation.

The MCA revealed significant geographic patterning,
distinctly separating chickens from the East Shoa zone
(Adama, Lume, Bora) and the West Arsi zone (Shashemene,
Siraro), characterized by traits like grey skin and white
plumage versus yellow skin, respectively. Despite its utility,
MCA has been used in only a limited number of studies to
characterize indigenous chickens in Ethiopia (Nigussie et al,
2015; Chebo et al, 2023; Muluneh et al, 2023; Belay et al,
2024), and none prior to this study in the present research
area. The findings in this study can help to address this
limitation. These findings can support the establishment
of location-specific conservation programmes to maintain
unique traits as distinct genetic resources.

Discriminant analysis is another multivariate technique
that uses quantitative predictors (morphometric variables) to
differentiate among categorical groups (districts). The QDA
employed here classified chickens into their districts of origin
with accuracies ranging from 41.80% to 88.31% for females
and 47.60% to 91.30% for males. These correct classification
rates are consistent with some previous studies (Picardal et
al, 2015; Tareke et al, 2018; Mustefa et al, 2021; Muluneh
et al, 2023; Chebo et al, 2024). However, it is lower than
others that reported accuracies exceeding 80%, sometimes
reaching 100% (AKklilu et al, 2013; Daikwo et al, 2015;
Getachew et al, 2016; Yakubu and Ari, 2018; Melesse et al,
2021; Markos et al, 2024). Similarly, Kefelegn et al (2016)
correctly classified 74% to 92% of chickens (both sexes) into
their respective sampling locations, while Wario et al (2021)
achieved 75% to 78% accuracy for females and 93% to 96%
accuracy for males.

The higher correct classification rates for Bora and Lume
suggest greater phenotypic homogeneity within chickens of
these districts, but distinctness from other populations. In
contrast, lower classification rates in the remaining districts
indicate higher internal diversity. The overall classification
success demonstrates homogeneity within populations
relative to the variation between them (Melesse et al, 2021).
Such distinctness among different geographic populations
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suggests location-specific conservation and breeding
strategies. The misclassification observed in Adama, Dodola,
Shashemene and Siraro may be attributed to overlapping
morphometric traits or insufficiently distinct discriminant
features, a phenomenon also noted in previous findings
(Tareke et al, 2018; Muluneh et al, 2023).

SDA identified seven key discriminating traits for females
and four for males. The number of traits selected varies
across studies, suggesting that morphometric differentiation
is context-dependent and influenced by genetic background,
environment and management practices (Ajayi et al, 2012;
Daikwo et al, 2015; Getachew et al, 2016; Kefelegn et al,
2016; Tareke et al, 2018; Mustefa et al, 2021; Wario et al,
2021; Bekele et al, 2022; Muluneh et al, 2023; Tadese et al,
2024). This highlights the importance of population-specific
trait selection for characterization and conservation. Some of
the discriminating variables identified here, such as SL and
BW, align with previous findings (Ajayi et al, 2012; AKklilu et
al, 2013; Bekele et al, 2022).

CDA constructs CAN functions that maximize separation
among groups. While the number of significant functions
varies across studies, typically either the first function or
the first two functions explain most of the variance. In this
study, the first two CAN explained 98% of the variance in
both sexes, with CAN1 alone accounting for 91.77% of the
variance in females and 81.58% of the variance in males. This
high explanatory power is consistent with those of Chebo et
al (2024), who reported that the first two functions captured
95.6% of the between-population variability. Similarly, other
studies (Getachew et al, 2016; Kefelegn et al, 2016; Mustefa
et al, 2021; Belay et al, 2024) reported that CAN1 alone
explained 80 to 100% of the variance in both sexes.

However, some studies reported a lower variance explained
by the first two functions. For instance, Tareke et al (2018) and
Melesse et al (2021) reported that these functions accounted
for 71.5% and 88% of the variance, respectively, regardless of
sex. Muluneh et al (2023) reported 82% (females) and 68%
(males), while Markos et al (2024) reported 63.58% (females)
and 70.06% (males) for CAN1 alone. Similarly, Bekele et al
(2022) noted that CAN1 explained 62% (females) and 89%
(males) of the variance. The high canonical correlations
observed in CAN1 (Table 8) for females (88.57%) and males
(85.97%) indicate strong differentiation between chickens
from different districts, which is consistent with previous
findings (Melesse et al, 2021). However, other studies
reported lower canonical correlations, where Mustefa et al
(2021) and Muluneh et al (2023) reported values ranging
from 50% to 80%, while Tareke et al (2018) and Bekele et al
(2022) reported even lower values (30-50%).

Wilks' Lambda tests the significance of discriminant
functions, with smaller values indicating greater
discriminatory power (Toalombo Vargas et al, 2019). The
lower Wilks’ Lambda value of 0.16 for CAN1 in both sexes
(Table 8) demonstrates strong group separation, indicating
that 84% of the variability in morphometric traits arises
from between-district differences rather than within-district
variation. This finding aligns with other studies reporting low
Wilks' Lambda values (Getachew et al, 2016; Melesse et al,
2021; Muluneh et al, 2023) and suggests greater between-
population differentiation than studies reporting higher
values (Bekele et al, 2022; Chebo et al, 2024).

The biplot based on CAN1 and CAN2 revealed distinct
morphological differentiation (Figure 2). For both sexes,

CAN1 was strongly loaded with size-related traits (BW, SL,
BL), consistent with Melesse et al (2021). A clear geographic
pattern emerged: East Shoa districts (particularly Lume)
clustered with high CAN1 scores, reflecting larger body size,
while West Arsi districts (Siraro, Shashemene) grouped
with low CAN1 scores, indicating smaller dimensions. Bora
district appeared distinct, supported by its high classification
accuracy (Table 6). The shorter distances between districts
within the same zone likely reflect shared ancestry due to
non-selection, extensive gene flow resulting from continuous
inbreeding, and migration over generations under traditional
production systems, as noted by other authors (Ajayi et
al, 2012; Daikwo et al, 2015). In contrast, the greater
separation between distant groups, likely attributable to
high morphometric variation and systematic sampling, offers
opportunities for the conservation and genetic improvement
of indigenous chickens through selective breeding strategies
(Tareke et al, 2018).

Conclusion

This study demonstrated significant morphometric and
qualitative morphological diversity among indigenous
chicken populations across the studied districts. Techniques
such as MCA and discriminant analysis effectively captured
phenotypic  distinctions, revealing clear geographic
patterning. The identification of key morphometric traits,
particularly shank length and body weight, as powerful
discriminators and predictors makes them reliable, easy-to-
measure indicators for breed characterization. Farmers and
breeders can use these traits as simple, effective selection
criteria for improving body conformation and market weight.
These findings also underscore the need to conserve these
indigenous genetic resources and utilize district-specific traits
in selective breeding programmes. Future research should
incorporate molecular tools to evaluate genetic admixture
and validate these phenotypic observations. This work
establishes a foundational basis for the sustainable use and
improvement of indigenous chicken diversity in Ethiopia,
contributing to enhanced food security and rural livelihoods.

Supplemental data
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