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ABSTRACT

The present study aimed to describe the morphobiometric characteristics of indigenous guinea fowl (Numida
meleagris) populations in Benin. The current study was carried out on 1320 (529 males and 791 females) adult (at
least 24 weeks old) indigenous guinea fowls from three climatic zones (Sudanian, Sudano-Guinean, and Guinean) of
Benin. Each guinea fowl was subjected to a direct phenotypic description, biometric measurements, and photography.
The results showed that the plumage coloration of indigenous guinea fowl in Benin was significantly diverse, but the
most widespread plumage colors were pearl grey (30%), black (29.5%), and cinnamon (9.8%). The most common
beak colors were grey (64.9%) and yellow-orange (24.8%). The eyes were predominantly black-white (67.1%). Grey-
orange (33.7%), grey (32%), and black-orange (21%) colorations were more represented on the shanks with wattles
relatively dominated by red-white (59.4%) and white-red (30.5%). The average live weight of guinea fowl was 1.34
kg in males which was 4.38% heavier than females. All the biometric measurements were significantly higher in
males. The live weights of guinea fowl in the Sudanian zone (1.40 + 0.18 kg) were higher than those of guinea fowl
found in the Sudano-Guinean zone (1.27 + 0.24 kg) and Guinean zone (1.33 + 0.28 kg). Principal Component
Analysis indicated that three distinct groups of guinea fowl can be formed based on their biometric measurements
(live weight, chest circumference, body length, drumstick length, shank length, shank diameter, and wingspan). The
phenotypes’ diversity was relatively abundant (1-Hill: 0.69) in all climatic zones. The phenotypic biodiversity
observed in the populations of indigenous guinea fowl in Benin can guide farmers to select specific phenotypes to

meet consumer preferences.
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INTRODUCTION

Indigenous animal genetic resources represent an original
and unique heritage due to the fact that they have
developed particularly useful traits, in terms of production
performance and adaptation qualities (Naves et al., 2011).
In Benin, similar to other sub-Saharan countries, poultry
production has remained dependent on family poultry
farming. This form of poultry farming brings together 99%
of the domestic poultry population (Chrysostome et al.,
2013). This sub-sector contributes significantly to the food
security, fight against poverty, and well-being of the
people while requiring low levels of investment (Boko et
al., 2012; Avornyo et al., 2016; Kone et al., 2018; Traoré
et al, 2018; Kouassi et al., 2019). The optimal
management of guinea fowl production as a rural poultry

enterprise gives farmers huge advantages as well as
revenue generation through sales of live guinea fowl and
eggs (Agbolosu et al., 2015).

One of the problems that farmers face in animal
husbandry and particularly in guinea fowl breeding is the
lack of knowledge of the characteristics of indigenous
genetic resources. This problem constitutes a constraint for
the adequate use of their potential, which could lead to the
promotion of these indigenous genetic resources in the
context of ecological constraints. The characterization and
conservation of various genetic attributes of indigenous
species are crucial in order to maintain the genetic
biodiversity of these animals, improve the food security of
the rural population, and enhance economic empowerment
in developing countries (Oguntunji, 2013; Haoua et al.,
2015; Ould Ahmed and N'Daw, 2015). The strong
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distribution of guinea fowl is an indication of their
adaptability to local environmental conditions, such as
drought and high temperatures caused by climate
variability (Panyako et al., 2016). Strategies for the
management and enhancement of indigenous poultry
resources are necessary both for rural economic
development and for safeguarding biodiversity (Mahammi
et al., 2014; Elkana and Gwaza, 2019). However, from
these local populations of guinea fowl, some communities
have conserved due to their local knowledge, types of
birds with good production performance, such as varieties
of guinea fowl (Chrysostome, 1995; Houndonoughbo et al.,
2017).  However, the  determination of the
morphobiometric diversity of guinea fowl has not been
done systematically in all the different climatic zones of
Benin. The present study aimed to investigate the genetic
diversity of the indigenous guinea fowl population
available throughout the Beninese national territory. This
knowledge would contribute to combating poverty through
appropriate  management and improvement of present
poultry genetic resources.

MATERIALS AND METHODS

Ethical approval

All procedures were conducted in accordance with
the guide for the care and use of agricultural animals in
research, and approved by the department of animal
production of the Faculty of Agricultural Sciences,
University of Abomey-Calavi (Benin Republic).

Study areas

The study covered the Beninese national territory
divided into three climatic zones which were Sudanian
zone (9°45'-12°25'N), Sudano-Guinean zone (7°30'-
9°45'N), and the Guinean zone (6°25'-7°30'N, Figure 1).
From 1987 to 2016, the average rainfall in the Sudanian
zone was less than 1000 mm in a year, and the average
relative humidity during those years was 59%, and the
average temperature also during those years was 28.4°C.
The Sudano-Guinean zone has unimodal rainfall, from
May to October with 113 days of rain, and an average
annual rainfall of 900-1100 mm. The annual temperature
varies between 21.2°C and 33.5°C, and the relative
humidity ranges 31-98%. The
characterized by a bimodal rainfall with an annual average
rainfall of 1200 mm; the average temperature varies

Guinean zone is
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between 25°C and 31°C, and the relative humidity ranges
69-97%.

Sampling

The study was carried out on a total of 1320 adult
guinea fowls on which direct observations and body
measurements were taken. This sampling included 529
males and 791 females with the same number of 440
guinea fowls per climatic zone. In each climatic zone, the
study area was considered by taking into account the
localities where guinea fowl production was more
widespread. Then, in each locality considered, the main
villages involved in this activity were identified. This
identification of the study localities was carried out
through discussions with administrative authorities,
territorial agricultural development agents, guinea fowl
farmers, traders, and consumers.

The study area was large and the inclusion criteria
for the sample collection from livestock and animal
households entailed villages with a minimum distance of
10 km, a large number of guinea fowl farmers in the
villages, ownership of at least 10 guinea fowls by each
farmer. Accordingly, 16 villages on average per climatic
zone were used for data collection.

Data collection and calculated indices

Qualitative and quantitative data were collected. The
qualitative variables (plumage colors, colors of shanks,
wattles, eyes, and beaks) were used for the morphological
characterization of the guinea fowl. As for the biometric
characterization, it was performed through quantitative
variables which included linear body measurements (chest
circumference, body length, drumstick length, shank
length, shank diameter, wingspan, and live weight) of each
guinea fowl. The body weights were taken using an
electronic balance of 1 g precision, while the shank
diameters were measured using a Vernier caliper of 0.01
mm precision, and other body measurements were
performed using a tape measure. All the data were
collected by the same investigator using protocols
consistent with the guidelines of the Food and Agriculture
Organization of the United Nations (FAO, 2013) for
phenotypic characterization of animal genetic resources.
The schematic representation of biometric data collection
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following the recommendations of FAO (2013) is
presented in Figure 2. The phenotype diversity of guinea
fowl was determined by defining several indexes of
biological diversity.

Shannon diversity index (1949)

S
H:-> plog, p,

i=1
Where, H refers to the Shannon diversity index, i is a
phenotype of the study area, S denotes the phenotype
richness. p; is the proportion of a phenotype (i) in relation
to the total number of phenotype (S) in the study area
which was calculated by the following formula:

n.
p; :WI; where, n; is the number of individuals for

phenotype, and i and N indicate the total number of
individuals of all phenotype combined.

Simpson index (1949)

It measures the probability that two individuals
selected randomly from the sampled population belonging
to the same phenotype.

D: Z[ni(ni ~1)/N(N -1)],

Where, n; is the number of individuals for phenotype
i, and N refers to the total number of individuals of all
phenotypes combined.

Hill index (1973)

Hill Index is a proportional abundance measure that
combines Shannon and Simpson index. It provides a more
precise view of the observed diversity. It was calculated
by the following equation:

Hill : (VD)/e"
Where, 1/D is the inverse of Simpson index, and e"
signifies the exponential of Shannon index.

Statistical analysis

The data collected was encoded
designed on Excel 2013. Statistical analysis of the data
was performed using R software (R Core Team, 2019).
Descriptive statistics were used to determine the color
frequencies of the plumage, eyes, and beak, as well as the
colors of shanks and wattles. These frequencies were
specified by sex and by climatic zone. The biometric
measurements were subjected to a non-parametric Kruskal

in a database
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Wallis test due to the non-normality of the distribution.
The multiple comparisons procedure of the means was
performed with Student Newman Keuls test when results
were significant at a 5% level of probability. The
variability of live weights of guinea fowl by climatic zones
and sex was represented using boxplots. The Principal
Component Analysis (PCA) was used to split guinea fowl
with the same biometric characteristics through the
FactoMineR package. In order to define more the different
biometric groups of indigenous guinea fowl populations
from the PCA examination, an Ascending Hierarchical
Classification (AHC) was carried out with all the data
made up of seven (07) variables. Hill’s diversity index was
used to measure the proportional abundance of guinea
fowl phenotype by putting together the Shannon index
(more sensitive to the numbers of rare phenotypes) and
Simpson index (more sensitive to the numbers of abundant
phenotypes). Accordingly, Hill index thus seems to be the
most synthetic. The closer the index is to the value 1, the
lower the diversity is. However, in order to facilitate
interpretation, 1-Hill index was used, where the maximum
diversity is represented by the value 1, and the minimum
by the value 0.
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Figure 1. Materialization of the study areas.
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Figure 2. Body measurements; a: Live weight; b: Chest circumference; c: Shank length; d: Body length; e: Wingspan; f:

Shank diameter

RESULTS

Qualitative variables describing indigenous
guinea fowl populations

Descriptive appearance of guinea fowl plumage
colors

Based on the colors chart of Guinea Fowl
International Association (GFIA), a diversity of plumage
colors was observed in the three climatic zones of Benin.
A total of 12 phenotypes were identified, including pied
white, white, brown, cinnamon, buff, multicolored, pearl
grey, pied pearl grey, lavender, black, pastel, and royal
purple (Figure 3). From the analysis of the three climatic
zones, regardless of the sex of the guinea fowl, the results
showed that pearl gray (30%), black (29.5%), and
cinnamon (9.8%) plumages were the most represented
plumage colors (Table 1). The buff, multicolored, and
pastel plumages were not observed in the Guinean zone,
whereas they were found in the Sudanian and Sudano-
Guinean zones with pied white (3.6%), white (2.6%),
brown (2.7), pearl grey (6.8%), lavender (7.7%), and royal
purple (3.4%) plumages which were under-represented.

Descriptive appearance of other parts of guinea
fowl

Regarding the beak, the most common color was
grey (64.9%). It was accompanied successively by yellow-
orange (24.8%), white (6.6%), black (3.4%), and orange
(0.2%, Figure 4). As for the coloration of eyes, the major
color was black-white (67.1%). Other colors, such as
black-orange (12.3%), black-red (12%), and brown (8.5%)
were also observed through the eyes of guinea fowl
populations in all climatic zones. The wattles colorations
were mainly represented by red-white (59.4%) and white-
red (30.5%). White (6.4%), red (3.1%), and pink (0.7%)
were other wattle colorations that were infrequent in this
indigenous population of guinea fowl throughout Benin
republic. The colors of shanks were more marked by grey-
orange (33.7%), grey (32%), and black-orange (21%). The
poorly represented colors were orange (3.9%), orange-
grey (3.4%), orange-black (2.2%), grey-black (2%), black
(1.1%) and pink-grey (0.8%). The black shanks were only
observed in guinea fowl from the Sudanian and Sudano-
Guinean zones, regardless of sex.

Orounladji BM, Tozo SK, and Chrysostome CAAM (2021). Morphobiometric Characteristics and Biodiversity of Indigenous Guinea Fowl (Numida meleagris) in

Benin. J. World Poult. Res., 11 (1): 136-150. DOI: https://dx.doi.org/10.36380/jwpr.2021.18



Orounladji et al., 2021

Quantitative variables
guinea fowl populations

Morphobiometric measurements by climatic zones

The analysis of the variance of the biometric
measurements is presented in Table 2, showing that the
live weight, the drumstick length, the shank length, and
the shank diameter of guinea fowl varied significantly
from one climatic zone to another (p < 0.05). The live
weights of guinea fowl in Sudanian zone (1.40 + 0.18 kg)
were higher than those of guinea fowl found in the
Sudano-Guinean zone (1.27 + 0.24 kg) and Guinean zone
(1.33 £ 0.28 kg). The drumstick length was higher (p <
0.05) in Guinean zone (11.77 + 1.12 cm) than those of
Sudanian and Sudano-Guinean zones which werel10.48 +
0.94 cm and 10.19 + 0.58 cm, respectively. Guinea fowl
from Sudanian zone showed higher values for shank
length (6.23 + 0.54 ¢cm) and shank diameter (1.09 + 0.08
cm). The other biometric measurements (chest
circumference, body length, and wingspan) showed
similar values (p > 0.05) in all climatic zones.

Morphobiometric measurements by sex

All traits measured had significantly higher values
(p < 0.05) in males, compared to females (Table 3).
Therefore, gender induced significant values of live
weight, chest circumference, body length, drumstick
length, shank length, shank diameter, and wingspan. Males
had an average live weight of 1.37 kg, compared to 1.31
kg in females. In male guinea fowl, the values for chest
circumference (32.60 = 1.35 cm) and body length (41.71 +
1.29 cm) were respectively higher than those observed in
females (31.07 £ 2. 25 cm and 40.1 + 2.84 cm).

Morphobiometric measurements by phenotypes

All morphobiometric parameters were significantly
(p < 0.05) influenced by phenotypes (Table 4). According
to live weight, buff phenotypes (1.51 + 0.32 kg) were
heavier than all other phenotypes. The chest circumference
(33.09 £+ 0.09 cm) and body length (42.31 + 0.74 cm) of
buff phenotypes were also greater than those of pied pearl
grey phenotypes (30.36 + 2.29 cm and 39.38 + 3.29 cm)
and pastel phenotypes (29.33 + 2.75 cm and 37.81 + 3.12
cm). Pearl grey (11.04 + 1.15 cm), multicolored (11.04 +
1.16 cm), and lavender (11.17 + 1.06 cm) phenotypes had a
greater (p < 0.05) drumstick length than pied white (10.18
+ 0.71 cm) and pastel (9.45 + 0.78 cm) phenotypes. The
shank lengths of pastel (5.79 + 0.70 cm) phenotypes were
smaller (p < 0.05) than those of buff (6.31 + 0.66 cm),
multicolored (6.33 + 0.65 cm), pearl grey (6.22 + 0.59 cm),
and lavender (6.28 £ 0.42 cm) phenotypes. For the shank
diameter, brown (1.14 + 0.07 cm) and multicolored (1.13 +
0.05 cm) phenotypes showed higher values, compared to
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pastel phenotypes (1.04 + 0.08 cm). Pastel (39.12 + 7.59
cm) phenotypes had the smallest values of wingspan
compared to all other phenotypes described in the current
study.

Variability of live weight by climatic zone and sex

Great variability in weights was observed within the
guinea fowl populations of the Guinean zone (Figure 5).
The live weight was respectively within the ranges of
0.90-2.2 kg and 0.60-2 kg in the males and females in this
zone. The live weight of 50% of females in this area
ranged between 1.1 and 1.5 kg, while it ranged from 1.2 to
1.65 kg in males. The Sudanian zone showed less
variability. The live weights varied from 1.09 to 1.75 kg
and from 1.09 to 1.76 kg, respectively, in females and
males of the Sudanian zone. In 50% of males and females
in the Sudanian zone, the live weight varied from 1.40 to
1.60 kg and from 1.35 to 1.45 Kg, respectively. As for the
males and females of the Sudano-Guinean zone, their live
weights varied respectively from 0.90 to 1.8 kg and from
0.88 t0 1.67 kg.

Characterization of guinea fowl populations

The cumulative contribution to the total inertia of the
three axes which were retained for the interpretation of the
results of the Principal Component Analysis (PCA) was
70.40% (Table 5). The dendrogram (Figure 6) and the
representation of the PCA (Figure 7) were used to
differentiate three biometric groups in all climatic zones of
Benin. The analysis of the variance of the groups on the
graphs of the AHC and the PCA allowed identifying the
characteristics of each group (Table 6).

Group one contained 16.89% of the guinea fowl
sampled. They had significantly lowest values (p < 0.05)
of chest circumference (28.31 + 1.26 cm), body length
(36.13 + 2.27 cm), drumstick length (9.44 + 0.78 cm),
shank length (5.35 £ 0.54 cm), and shank diameter (1.01 £+
0.11 cm, Table 6). The second group had a proportion of
47.5%. This group was made up of relatively half of the
guinea fowl sampled. It was correlated with six biometric
parameters whose values were significantly higher (p <
0.05) than those of group 1. These parameters were such
as the chest circumference (32.19 + 1.60 cm), body length
(41.57 £ 1.22 cm), drumstick length (10.83 £+ 0.86 cm),
shank length (6.26 + 0.48 cm), shank diameter (1.12 +
0.05 cm), and wingspan (41.99 + 1.04 cm). The third
group contained 35.61% of the whole guinea fowl
measured which significantly (p < 0.05) had the highest
values of body weight (1.55 + 0.20 kg) and drumstick
length (11.44 £ 1.05 cm).
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Diversity of indigenous guinea fowl populations Sudano-Guinean (2.85) zones, and they were higher than

Of the total population considered, 12 phenotypes that of Guinean zone (2.5). The values of Simpson's index
were identified. These 12 phenotypes were found both in (0.20) and Hill’s index (0.69) were relatively high for the
the Sudanian zone and in the Sudano-Guinean zone, unlike whole population. The geographical distribution of each
the Guinean zone which had only 9 phenotypes (Table 7). phenotype is presented in Figure 8.

Shannon index was similar in Sudanian (2.88) and

Figure 3. Plumage colors; pearl grey?, black®, cinnamon®, lavender®, pied pearl grey®, pied white’, royal purple?, brown",
white', pastel’, buff* and multicolored"
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Table 1. Descriptive appearance of the plumage colors of guinea fowl in Benin.

Sudanian zone Sudano-guinean zone Guinean zone Whole population

Plumage colors Male Female Male Female Male Female Male Female Overall
(%) 151 289 208 232 170 270 529 791 1320
Pied white 13 4.2 5.3 17 53 37 4.2 33 3.6
White 2.0 1.0 6.2 3.0 1.2 2.2 34 2.0 2.6
Brown 2.6 24 4.3 4.3 0.6 19 2.6 2.8 2.7
Cinnamon 8.6 11.8 7.7 10.8 8.8 10.0 8.3 10.9 9.8
Buff 33 1.0 29 13 0.0 0.0 21 0.8 13
Mulicolored 4.6 17 14 0.0 0.0 0.0 1.9 0.6 11
Pearl grey 31.8 211 317 27.2 459 29.6 36.3 25.8 30.0
Pied pearl grey 4.6 8.0 5.8 7.8 4.1 8.5 49 8.1 6.8
Lavender 7.9 8.0 438 9.1 6.5 9.3 6.2 8.7 7.7
Black 25.8 339 24.0 315 27.6 304 25.7 320 295
Pastel 0.0 45 1.4 0.9 0.0 0.0 0.6 1.9 14
Royal purple 7.3 24 4.3 2.6 0.0 4.4 3.8 3.2 34

Table 2. Morphobiometric measurements of guinea fowl according to the climatic zones of Benin

Climatic zones

Variables

Sudanian zone Sudano-guinean zone Guinean zone
Size (n = 1320 guinea fowls) 440 440 440
Live weight (Kg) 1.40 £ 0.18° 1.27 +0.24° 1.33 £0.28"
Chest circumference (cm) 31.71+1.96 31.77+£2.08 31.57+2.18
Body length (cm) 40.82 +2.49 40.75+2.34 40.60 + 2.60
Drumstick length (cm) 10.48 +0.94° 10.19 + 0.58° 11,77 +1.12¢
Shank length (cm) 6.23 £ 0.54% 6.03 £0.70° 6.19 £ 0.54*
Shank diameter (cm) 1.09 +0.08* 1.10 +0.08* 1.08 +0.08"
Wingspan (cm) 4157 +2.37 41.35+2.37 4158 +2.41

&b Means with unlike superscripts in the same row differ significantly (p < 0.05)

Table 3. Morphobiometric measurements in guinea fowl populations of Benin by sex of the individuals

Variables Male = Female
Size (n = 1320 guinea fowls) 529 791
Live weight (Kg) 1.37 +0.25% 1.31+0.24°
Chest circumference (cm) 32.60 +1.35% 31.07 £2.25°
Body length (cm) 41.71 + 1.29° 40.10 +2.84°
Drumstick length (cm) 11.15+1.10° 10.59 +1.12°
Shank length (cm) 6.30 £+ 0.49° 6.10 +0.66"
Shank diameter (cm) 1.11+0.10° 1.08 +£0.10°
Wingspan (cm) 41.84 +1.07° 41.28 +2.94°

b Means with unlike superscripts in the same row differ significantly (p < 0.05).
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Table 4. Morphobiometric measurements of guinea fowl by phenotypes in Benin

Phenotypes Size (n = 1320 guinea Live weight Chest circumference Body length Drumstick length Shank length Shank diameter Wingspan
fowls) (Kg) (cm) (cm) (cm) (cm) (cm) (cm)

Pied white 48 1.25+0.27° 31.99 + 1.96% 40.72 + 2.83%° 10.18 +0.71° 6.07 + 0.54%® 1.11 +0.09% 41.48 +2.70°
White 34 1.29+0.21° 31.68 +1.74° 40.84 +3.08%° 10.48 +0.91® 6.11 +0.78%® 1.05 +£0.11% 40.52 +3.07°
Brown 36 1.28+0.21° 31.46 +2.02° 41.31 +1.92% 10.57 +0.78® 5.92 + 0.80% 1.14 +0.07° 41.12+1.81°
Cinnamon 130 1.30+0.23° 31.28 +2.28° 39.99 + 2,75 10.54 +1.08% 5.99 + 0.67%® 1.08 £ 0.08" 41.24 +2.23°
Buff 17 1.51+0.32° 33.09 + 0.09* 42.31+0.74° 10.58 +0.18% 6.31 +0.66° 1.05 +0.15" 41.81+0.67°
Multicolored 15 1.29+0.12° 32.06 + 1.47% 41.02 + 2.06% 11.04 +1.16° 6.33 +0.65° 1.13 £ 0.05° 41.45+1.10°
Pearl grey 396 1.33+0.25° 31.86 + 1.99% 41.09 +2.07% 11.04 +1.15°% 6.22 +0.59° 1.10 £ 0.06™* 41.62 +2.54°
Pied pearl grey 90 1.29+0.21° 30.36 + 2.29° 39.38 + 3.29° 1041 +1.21%® 5.92 +0.58% 1.07 +0.06" 41.43 + 2.40°
Lavender 102 1.30 +0.19° 32.44 +1.20% 41.68 +1.33% 11.17 + 1.06° 6.28 +0.42° 1.10 £ 0.05% 41.72 +1.14°
Black 389 1.38+0.26 31.72 +2.08" 40.60 + 2.49" 10.87 +1.18% 6.19 + 0.58% 1.09 £ 0.10%* 41.61+2.10°
Pastel 18 1.22+0.12° 29.33 +2.75¢ 37.81+3.12¢ 9.45+0.78° 5.79 +0.70° 1.04 +0.08° 39.12 + 7.59"
Royal purple 45 1.34+0.20° 32.09 +1.95% 41.08 +2.21% 10.66 +0.87® 6.20 +0.61% 1.09 + 0.06™ 41.86 +0.79°

abed Means with unlike superscripts in the same column differ significantly (p < 0.05).
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Table 5. Cumulative contribution to the total inertia of the factorial axis

Factorial axis

Inertia (%) Cumulative inertia (%)

1
2
3

43.61 43.61
14.03 57.64
12.76 70.40

Table 6. Variables describing the Principal Component Analysis groups of guinea fowl in Benin based on their

morphobiometric traits

Variables Group 1 Group 2 Group 3
Size (n : 1320 guinea fowls) 223 627 470
Live weight (Kg) 1.24 £0.20° 1.20 £ 0.16° 1.55 +0.20°
Chest circumference (cm) 28.31+1.26° 32.19 + 1.60° 32.62 £1.15%
Body length (cm) 36.13+2.27° 4157 +£1.22° 41,78 £0.87%
Drumstick length (cm) 9.44 £0.78° 10.83 + 0.86° 11.44 +1.05%
Shank length (cm) 5.35+0.54° 6.26 +0.48° 6.39 + 0.46%
Shank diameter (cm) 1.01+0.11° 1.12 +0.05°% 1.09 £0.07°
Wingspan (cm) 38.99 +4.67° 41.99 +1.04° 42.04 £ 0.80*

&b Means with unlike superscripts in the same row differ significantly (p < 0.05).

Table 7. Diversity index of indigenous guinea fowl populations of Benin by climatic zone

Diversity index Sudanian zone

Sudano-guinean zone Guinean zone Whole population

Number of guinea fowl 440 440 440 1320

Phenotypic richness 12 12 9 12

Shannon 2.88 2.85 25 2.78

Simpson 0.18 0.19 0.24 0.20

1-Hill 0.70 0.69 0.65 0.69
DISCUSSION basis of this color diversity. The multiple crossbreeding

The strong distribution of plumage colors within the
genetic resources of indigenous guinea fowl in Benin
probably indicates the existence of genetic variability. A
total of 12 plumage colors were identified with the
dominance of pearl grey and black colors in the present
study. Agbolosu et al. (2015) identified nine plumage
colors in Ghana, and eight were observed in Cameroon by
Meutchieye et al. (2017), while seven were observed in
Ghana (Brown et al., 2017) as well as in Benin
(Houndonoughbo et al., 2017). This higher number (12) of
phenotypes observed, compared to the results of
Chrysostome (1995) and Houndonougbo et al. (2017),
would be due to the large-scale of the study area
considered. The presence of major effect genes and the
interactions among several of them were plausibly at the

that have not been controlled for several decades, among
the birds with different plumage colors, give rise to other
combinations, probably those existing in low proportion
(Akouango et al., 2004). This multi-coloration of guinea
fowl plumage observed in the current study was similar to
the results of some authors (Chrysostome, 1995; Ogah,
2013; Fajemilehin, 2014; Agbolosu et al., 2015; Panyako
et al., 2016; Houndonougbo et al., 2017). The dominance
of pearl grey colors shows the color by which guinea fowl
is recognized from its origin. However, the colors that
were found in low proportions, notably buff, multicolored
and pastel plumages, in the total population in the present
study may indicate a relatively high level of gene dilution
across all-round crosses. The absence of buff,
multicolored, and pastel plumages in the Guinean zone
may be due to the interaction between genotype and
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environment (Santoni et al., 2000; Bahy et al., 2003). The
higher pearl grey color recorded in the current study was
in agreement with the observation reported earlier in
Ghana (Agbolosu et al., 2015; Brown et al., 2017), Nigeria
(Fajemilehin, 2014), Benin (Chrysostome, 1995;
Houndonougbo et al., 2017), and in Burkina-Faso (Bouda,
2017). Apart from the varieties of guinea fowl listed by
Houndonougbo et al. (2017), other plumage colors were
identified during this study, as documented by the Guinea
Fowl International Association color chart (GFIA, 2009).

The multiplicity of ornamental details, such as the
coloration of the beak, wattle, and shank, also indicates the
diversity of the genetic resources of indigenous guinea
fowl in the three climatic zones of Benin. Guinea fowl
with grey beaks and black-white eyes predominate among
the phenotypes. The diversity of eye color could be
attributed to genes of an animal influencing blood supply
and melanin levels, environmental effect in terms of
availability of carotenoids, as well as the interaction
among blood supply, melanin, and carotenoids (Ngeno et
al., 2014). The red-white color was the relatively
predominant coloration of the wattles. As color plays an
important role in the absorption and reflection of solar
radiation, the wattles' color also plays a role in
thermoregulation (Agbolosu et al., 2015). As for the
shank, their colorations were more marked by grey-
orange, grey, and black-orange.

As for body measurements, the average live weights
of guinea fowl obtained were comparable to those of
Bouda (2017) in Burkina Faso. On the other hand, they
were higher than the live weights reported in Ghana
(Agbolosu et al., 2015; Brown et al., 2017) and lower than
those obtained in Nigeria (Ogah, 2013). The body lengths
of guinea fowl observed in the current study were similar
to those reported in an intensive production system of
indigenous guinea fowl in Botswana (Tjetjoo et al., 2013)
and Ghana (Brown et al., 2017).

The significantly higher values obtained in males
agreed with the findings of Bouda (2017). These values
were also different from the measurements obtained by
Brown et al. (2017). These differences in the results
relating to the biometric variables reflecting sexual
dimorphism can be explained by the breeding conditions
of the birds (guinea fowl) studied. Moreover, intrinsic
factors, such as the genotype, age of the animal, and its
physiological state (in the female) could influence the
results. According to Keambou et al. (2007), the
dimorphism in favor of males suggests that a breeding
program for meat production would be more advantageous
with males than with females, primarily for traits of
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economic importance, such as weight, drumstick
development, and shank diameter. However, care should
be taken to maintain the reproductive capacity of these
animals.

Buff phenotypes were heavier than all other
phenotypes (pied white, white, pearl grey, pied pearl grey,
multicolored, brown, cinnamon, black, pastel, royal
purple, and lavender), and buff phenotypes would be the
most useful phenotype for improving growth performance.
These results could be explained by the small number of
observations on buff phenotypes, and most of them were
mature. These observations differ from the findings of
Duodu et al. (2018) who reported a higher live weight in
the pearl grey phenotype, compared to the lavender, white,
and black guinea fowl.

Live weight depends on the biotope and the
condition of the animals. It is, therefore, an important
attribute of farm animals, and thus, it forms the basis not
only for assessing growth and feed efficiency but also for
making economic decisions (Fajemilehin, 2014). It has
been reported by Nwosu et al. (1985) that live weight is
the best parameter for making management, health,
production, and marketing decisions. The differences in
body weight revealed in the present study indicated the
inherent genetic makeup of each phenotype of guinea fowl
depending on the climate variability of the areas. Variation
in body weight could be useful in determining overall
adaptive genetic diversity (Toro and Caballero, 2005).

Three groups were categorized on the basis of
quantitative variables. While the first and the second
groups respectively had low values and averages of the
biometric variables, the third group constituted the
category of guinea fowl to prioritize in a process of
genetic improvement of the species through its high
values. Thus, to promote indigenous guinea fowl in Benin,
studies on the production performance of the third group
can be used to produce labeled indigenous guinea fowl by
seeking to strengthen their diet with unconventional food
resources such as maggots, termites, etc.

The diversity of phenotypes within the three climatic
zones was relatively maximal in the analysis of the value
of Hill index which constitutes a compromise between the
Shannon and Simpson index. This indicates the strong
diversity of the guinea fowl in Benin. These results are
similar to the values obtained by Kerboub et al. (2017).
However, diversity was more abundant in Sudanian and
Sudano-Guinean zones than in the Guinean zone. This
difference is probably linked to the climatic conditions
which vary between these three climatic zones, but with
higher rainfall in the Guinean zone, and which are not too
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favorable to the proliferation of guinea fowl within this
zone. Some factors, such as physiological state, age of the
guinea fowl, climate and genetic variabilities,
measurements techniques, management practices, and the
interaction among all these factors could explain the
discrepancy in the morphobiometric parameters observed
by the authors in diverse areas of tropical Africa.

CONCLUSION

The current study showed great variability in the genetic
resources of indigenous guinea fowl in Benin both in its
phaneroptic and in their biometric characteristics. Within
the population of these guinea fowls, pearl grey plumage
color was more widespread, regardless of the climatic
zone. Guinea fowl with grey beaks and black-white eyes
predominated among the phenotypes. The red-white color
was the relatively predominant coloration of the wattles.
As for the shanks, their colorations were more marked by
grey-orange, grey, and black-orange. Sexual dimorphism
for weight growth, as for the other biometric variables
considered, was in favor of males. These quantitative
variables were used to distinguish three groups of guinea
fowl. The great biological diversity observed during the
present study can constitute a basis for the establishment
of hardy and more efficient phenotypes through genetic
improvement  programs integrating selection and
controlled breeding. At the same time, improved breeding
conditions would significantly increase the productivity of
the indigenous guinea fowl as a source of quality protein,
particularly in rural areas.
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