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Abstract

:

This review analyzes the processes of phenotypic and morpho-biometric characterization of West African local chicken. Data were collected on a set of 44 articles, and other reference documents were used to analyze and discuss the data collected. Existing studies on the phenotypic and molecular characterization of local chicken populations in West Africa indicate the presence of a wide variety of plumage colors and conformations, and intra-population genetic diversity. However, none of these studies have been able to identify the existence of a differentiated subpopulation that can be assimilated into a distinct race. The conclusions of this studies are not sufficient to ensure the non-existence of “race” in West Africa because many of these studies focus only on the phenotypic aspect, while molecular characterization makes it possible to identify differentiated populations with certainty. Additionally, the populations studied are often small in size, though remaining within the FAO recommendation standards. The spatial distribution used to compare the subpopulations was based on agroecological zones with strong interconnections to and shared with West African human populations, to the detriment of socio-cultural realities. In order to be more effective and conclusive, characterization work could consider the spatial distance of subpopulations in a comparison and the levels of exchange between the human communities from which these chicken subpopulations originate.
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1. Introduction


The Food and Agriculture Organization of the United Nations (FAO) is the main instigator of interest in the characterization of animal genetic resources used or potentially useful for food and agriculture. This interest began in 1990, when a program on the sustainable use of animal genetic resources began at the global level. Its materialization took place in 1993 with the launch of the Global Strategy for the Management of Livestock Genetic Resources [1]. The objective of this global strategy was to strengthen the contribution of domestic animals and their products to food security and rural development and to prevent the erosion of animal genetic resources. The preparation of national reports on the status and evolution of animal genetic resources since 2001 has highlighted the significant contribution of livestock to food security and development in countries and to the erosion of genetic diversity in animal populations [2]. These findings led to the design and adoption of the Global Plan of Action for Animal Genetic Resources and to the accompanying Interlaken Declaration, of which the genetic characterization of farm animals is one of the priority elements [3].



Poultry meat is the most produced and the most consumed source of meat products in the world. It also remains the main meat produced for the next ten years (2019–2029) since it will constitute half of the additional productional of meat for this decade [4]. The global importance of this type of meat is due to its nutritional quality; the absence of religious prohibitions; and its ease of production especially, in developing countries [5,6]. The recent increase in poultry productivity is due to the combination of improved farming conditions and genetic selection, and because of its short production cycle, genetic progress is faster to implement [7].



This high selection pressure has led not only to the production of efficient and specialized poultry lines but also high inbreeding. Due to their high production levels, these inbred lines are used by producers all over the world, and this contributes significantly to the process of biodiversity loss already underway [8]. The spread of these low-gene-diversity lineages is also associated with the risk of extinction or erosion of the gene pool of less economically attractive and ancient African breeds [9]. However, the Secretariat of the Convention on Biological Diversity considers maintaining the genetic diversity of these ancient breeds to provide a possibility of resilience in the face of changing environmental conditions, especially in a current context of climate change [10]. In response to this imperative, a phenotypic characterization process of local chickens was initiated in Africa. This process has been accompanied by FAO through the establishment of guidelines and data sheets detailing the methodologies to be followed [11]. The objective of this review is to make a critical analysis of the processes of genetic characterization for local chicken populations in West Africa by referring to FAO guidelines.




2. Literature Search Methodology


Our project has been registered on OSF (Open Science Framework). The DOI and the permanent archive link to access it are as follows:




	
DOI: 10.17605/OSF.IO/RHYNV



	
Archive link: https://archive.org/details/osf-registrations-rhynv-v1 (accessed on 24 July 2022).








2.1. Study Scope and Research Question


In preparing this review, the following definitions and explanations were considered:



Phenotypic characteristics: external descriptions (color and shapes) and biometric measurements of domestic animals in their natural living environment [11].



Local chickens: traditional populations of chickens, usually found in developing countries, in extensive production systems with low breeding intensities [11].



West Africa: a set of 16 countries (Benin, Burkina Faso, Côte d’Ivoire, Cabo Verde, Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone, and Togo) with predominantly rural populations and agricultural economies, and a low level of intensification of the livestock sector [12].



The research question in this review is as follows: Does the phenotypic characterization of West African local chickens follow a uniform methodology in accordance with FAO guidelines?




2.2. Identification of Relevant Literature


The literature search was structured according to the methodology of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [13]. Searches were conducted first in the free Google Scholar and PubMed databases. They covered only documents written in English and French in the years from 2001 to 2021. After reading and sorting the documents, only scientific articles dealing with the phenotypic characterization of local chickens in rural areas in West African countries were selected. At the same time, personalized and specific searches were conducted to obtain reference documents on the subject and some scientific articles from non-indexed journals. Specifically, the syntaxes used were as follows:



Google Scholar (anywhere in the article): (“Local chickens” OR “Native chickens” OR “indigenous chickens”) AND (characterization OR Description) AND (Phenotypic OR “Morpho biometric”) AND “Africa” -review -synthesis.



PubMed (in all fields): ((Local chickens) OR (Native chickens) OR (indigenous chickens)) AND ((Characterization) OR (Description)) AND ((Phenotypic) OR (Morphometric)).




2.3. Limitations of the Review


This synthesis has some limitations that must be considered in the assessment of the analyses produced. The data analyzed come from studies published only in English and French, while two of the countries in the African region concerned (Cabo Verde and Guinea Bissau) have Portuguese as their official language. Additionally, of the sixteen countries that make up West Africa, only ten had studies that could be used in this review at the time of data collection. West Africa is made up of countries belonging to different agroecological zones (forests, savannahs, Sahel, and deserts) a quantitative synthesis (meta-analysis) would have made it possible to identify the effect of these environmental conditions on the phenotype and biometric measurements of chickens. Unfortunately for the available studies, many do not describe the agroecological conditions of the study environment in sufficient detail.





3. Results


3.1. Eligible Studies


The literature search methodology initially resulted in a total of 653 references. After the removal of duplicates, 457 results were examined, of which 93 were selected through their titles. Reading the abstracts resulted in the selection of documents eligible for full reading (n = 53). Documents that were excluded at this stage were memoirs, national reports on animal genetic resources, bibliographic syntheses, or articles dealing with the phenotypic characterization of local chickens outside the geographical area of West Africa. A total of 44 studies were included in this systematic synthesis. The detailed stages of this process are summarized in Figure 1.



The publications used in this review came from 10 of the 16 West African countries. About 50% of the studies were performed in Benin, Côte d’Ivoire, and Nigeria, while none were found in Republic of Cabo Verde, Gambia, Guinea, Guinea-Bissau, Liberia, and Mali.



According to the criteria defined to assess the quality of the publications selected for this review, 2 publications were of high quality, 14 were of medium quality, and 6 were of low quality (Table A1).




3.2. Concept of Chiken Population in West Africa


West African chicken populations can be called “traditional populations” according to the FAO definition [11]. There are many terms or phrases used to refer to these chicken populations. Thus, the most common names in the literature are “local chickens” and “indigenous chickens” [14,15]. In Côte d’Ivoire, Benin, and Senegal, the term “bicycle chicken” is used in poultry markets to refer to the system used to transport them [16,17]. In Niger, specific names are given to different strains depending on their conformation or appearance. Examples include the “Kolonto” strain, known for its large size, or the “Gouzou-gouzou”, characterized by its frizzle feathers [18,19]. Despite the existence of different strain names in Niger, molecular characterization concludes that no genetic variability exists between these subpopulations [20]. Additionally, in Côte d’Ivoire, Loukou et al. [21] concluded that chickens from forest and savannah areas constitute a single population from the genetic point of view but with a great internal diversity. Currently, avoiding differentiation by race and in the absence of differentiated populations, those authors adopted the notion of an ecotype to link the different subpopulations to their bioclimatic environment [21,22,23,24,25]. Overall, the current literature tends to suggest that West African chicken populations are not sufficiently differentiated to form distinct genetic groups. Additionally, as stated by the FAO [11], the genetic differentiation of a subpopulation (race) intervenes only via its isolation and the development of visible characteristics that distinguish it from other subpopulations of the same species. The absence of a differentiated chicken subpopulations in West Africa could be linked to the dominant free-range farming system in the sub-region and the non-existence of an organization of breeders who contribute to the creation, maintenance, and definition of breed standards.



Nevertheless, although still not often documented scientifically, attempts to create production strains by crossing a series of local chickens with exotic strains are currently underway in Benin (“Goliath chicken”), Burkina Faso (“Faso chicken”), and Togo and Mali (“Wassa-chè Chicken”) [26,27,28].




3.3. Agroclimatic Zones and Abundance of Chickens in West Africa


The countries in West Africa are divided into three agroclimatic zones: the arid zone, the semi-arid zone, and the wetland [29]. In connection with the intensity of rainfall and the abundance of vegetation, this climatic subdivision is superimposed onto three agroecological (or bioclimatic) zones: Saharan, Sahelian, and Sudanian. However, the definition of transition zones or two climatic zones influence each other such as Sahelo-Sudanian or Sahelo-Saharan transition zones [30]. Despite this difference in agroclimatic conditions, extensive poultry farming, of which chicken is the most representative species, is widespread [16]. The various reports commissioned by the FAO and entitled “Review of the poultry sector country” show a large number of traditional chickens in local poultry in these countries [31,32,33,34,35,36,37,38,39,40,41,42]. Additionally, the FAO’s estimates of chicken numbers (exotic and local) for the year 2020 (Table 1) [43] indicate that Nigeria, Ghana, Senegal, and Côte d’Ivoire account for 64% of the chicken numbers in the sub-region. These four countries have quite humid climates, particularly Ghana and Côte d’Ivoire, but this does not mean that we can link the abundance of chicken to climatic conditions. Indeed, these four countries are also the most economically advanced in this sub-region [12]. Additionally, countries with humid climates such as Guinea, Gambia, or Liberia have a low number of chickens. Therefore, the size of the chicken population in these economic powers with the subregion would be linked to the development of industrial poultry farming. However, it is possible that agroecological conditions exert an influence on the survival and even the performance of traditional chicken raised in village environments and, therefore, exposed to environmental conditions.




3.4. Features of the Plumage


Color, structure, and distribution of feathers are the main parameters used for describing the plumage of chickens. These were provided in eight studies and are summarized in Table 2.



3.4.1. Plumage Colors


Most often, the authors report a dozen different plumage colors. However, some authors reported only 6 while others reported up to 25 distinct colors. These colors can be monochrome such as dominating white or extended black. They can be a mixture of two diffuse colors such as fawn, which is a uniform mixture of white and red, or can have a regular design such as crossed out. Often, it is a mixture of several colors without a specific pattern called mille-fleurs or stony or spotted. The terminology used by the authors for naming plumage colors is not uniform. Some authors adopted a simple terminology by specifying only the dominant color, while Fofana et al. [48], Egahi et al. [49], and Birteeb et al. [50] subdivided the dominant colors into three subgroups (monochromes, two-colored, and multicolored). Apuno et al. [51] and Rotimi et al. [47] also took also into account the patterns of feathers using terms such as black-barred or red-erminated. Dao et al. [22] and Yapi-Gnaore et al. [25] provided information on the colors of the camail and tail and on the drawings on the breastplate: red with black tail or black chest meshed with brown. All of this indicates a certain deviation from the FAO recommendations in relation to the description of the color of feathers because some authors, quoted above, do not distinguish between color and patterns although these two parameters are different.




3.4.2. Feather Distribution and Morphology


In the studies consulted, the distribution of feathers is described as being “normal”, “feathered shank”, and “naked neck”, with the normal distribution being the most frequent. Other modalities exist, as chicken can be “naked” and “naked without scales on the legs, with a complete absence of feathers on the body of the chicken” [52,53,54]. The absence of both modalities in the literature consulted could reflect either the non-existence of these characteristics in the populations studied or the low recurrence of these characteristics to the point where the authors do not observe them or take them into account. The morphology of feathers is described in three ways: normal, frizzle or silky. The percentage of chickens with normal feather structures very often exceed 80%; the predominance of this normal phenotype could be caused by a passive selection by breeders. In this sense, several authors specify that, although crosses are generally uncontrolled in village livestock systems, producers show clear preferences for certain phenotypes for religious or aesthetic reasons [23,55,56,57]. Another explanation for this low recurrence of frizzle plumage could be a combination of factors such as weak hatching of frizzle embryos, delayed sexual maturity, and higher mortality compared with phenotype exhibiting normal feather structures [32].



Here, it should also be pointed out that some authors confuse distribution with morphology. Indeed, Ousseini et al. [19], Birteeb et al. [58], and Rotimi et al. considered frizzle morphology in their feather distribution modalities.





3.5. Characteristic of the Skin and Its Extensions


3.5.1. Skin and Leg Colorations


The skin colors reported include white, yellow, pink, and black. The most common skin color is white, with percentages ranging from 60% [22] to 97% [14,50]. The pink skin reported by Edenakpo et al. [44] and Yacouba et al. [24] is actually white skin, in which the epidermis is translucent and reveals the color of the flesh. Two types of pigments are associated with the skin color of chickens: eumelanin for black coloration and pheomelanin for yellow in the skin. The inhibition of these two pigments leads to white coloration of the skin [59,60]. Yellow is the second most cited color, be totally absent [24] or being present 20 to about 40% of the time [22,25,44]. Black in the skin is very rare, with proportions not reaching even 0.5% for authors who noted black in the skin [24,45]. This black coloration of the skin is linked to a rare mutation called fibro-melanosis, which also colors the conjunctive tissue black [52,54].



White and gray coloration of the legs is most common in local chicken populations in West Africa. Indeed, the percentages for these colors vary between 20 and 55% for white legs and from 8 to 50% for gray [18,24,25,44]. In some cases, these two colors appear in the same proportions [45]. Yellow and black legs are less common than the previous two but have proportions varying from 0 to 33% for black and from 2 to 43% for yellow [19,24,25,44]. Green legs are rare (0.4–2.13%) and have only been identified by a few authors from the sub-region [25,44]. In fact, leg color is the combined result of pigmentation of the dermis and epidermis. Indeed, white (or pink) corresponds to the absence of pigments in the dermis and the epidermis. Black is the result of the presence of melanin in the epidermis, or in both the dermis and epidermis. Yellow coloration occurs with the deposition of food xanthophyll pigments in the epidermis [61,62]. Green and gray (blue) coloration result, respectively, from the superpositions of yellow and white epidermis onto a black dermis [54,59]. Gray in the legs of chickens occurs naturally in wild populations [52,63], which may explain the predominance of this trait in West African chicken populations. As for white skin, it is related to a couple of dominant alleles that inhibit both the deposits of black and yellow pigments, respectively, in the dermis and epidermis. The presence of the mutation making the legs yellow is partial consequence of the introduction of commercial strains of high production performance within West African populations [64]. Indeed, many industrial strains widespread worldwide, such as “White Rhode Island”, “White Leghorn”, and “White Plymouth Rock”, have yellow legs [62].




3.5.2. Types of Combs


Table 3 reports the proportions of the distinct types of combs observed in West African local chicken populations. In these populations, the simple (or normal)-type comb is most common. The rose comb, although of low frequency, is present in all of these populations. However, none of these studies identified the so-called walnut comb shape. Knowing that this last form of comb is the result of the conjugated expression of the genes responsible for the forms of rose combs and peas [52], its total absence in these populations seems abnormal. This could be related to errors of assessment because these two forms of combs are quite similar [63].





3.6. Morpho-Biometric Features


Table 4 shows the values of some biometric measurements of local chickens reported by different authors in West Africa. The parameters used for this analysis are weight and its related parameters, in this case, the chest perimeter, and the lengths of the body and legs. These three parameters, similar to describing the general conformation of chickens, are particularly good indicators of the live weight of poultry. These measurements were all conducted on adult subjects, with the numbers studied being very variable depending on the studies. However, for the same study, the number of females was higher than that of males. This explanation is in compliance with the FAO guidelines through which the different parameters and numbers to be considered in the context of a phenotypic characterization of breeds have been defined. For the specific case of chickens, these guidelines recommend numbers ranging from 100 to 300 females per 10–30 males [11].



For all parameters, the measurements of males are higher than those of females. The differences between populations are often remarkable. For weight, this difference can be up to 600 g for males and 300 g for females. For body length, this interpopulation difference is even more striking because some populations have less than half the body length of most other populations. It is the same for the chest circumference, but for the length of the legs, these deviations seem moderate. The differences in measurements between males and females are due to the existence of sexual dimorphism in this species of poultry [63]. In addition, this sexual dimorphism is not limited to quantitative parameters. Indeed, adult males are also distinguished from females by the existence of well-developed ergots and appendices (comb and barbel), by specific feathers such as lancets and sickles, as well as by color adornments at the camail [60,63,67]. However, there are some exceptions to these qualitative differences. For example, the Hf gene (Hen feathering) causes the shape and structure of the rooster’s feathers to be similar to those of the hen or the appearance of ergots in a hen [52,54].





4. Conclusions


Local chickens in West Africa are phenotypically characterized by a wide variety of colors and conformations. This diversity is the consequence of the predominance of a breeding system that is extensive in which reproduction of the subjects is not often controlled. Reproduction is achieved through encounters between individuals, thus revealing these important varieties of phenotypes. However, the preferences of breeders have also had an impact on the evolution of the proportions of these phenotypes because some types of plumages are preferred over others for religious or aesthetic reasons.



Despite this phenotypic diversity, West African local chickens have many traits in common with wild chicken populations. In addition, rare mutations, which are maintained in some standardized strains only through humans, are absent or infrequent in traditional West African chicken populations. This makes these traditional strains a type of gene bank. The main concern should be the maintenance of diversity. Improving the productive performance of chicken should be achieved through livestock conditions, of which food, health, and habitat are the key factors.
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Table A1. Studies included and quality assessment by West African country.






Table A1. Studies included and quality assessment by West African country.





	References
	Countries
	Titles
	Q1
	Q2
	Q2
	Rating
	Level





	Youssao et al., 2010 [15]
	Benin
	Phenotypic characterization and molecular polymorphism of indigenous poultry populations of the species Gallus gallus of Savannah and Forest ecotypes of Benin
	1
	1
	1
	3
	High



	Chrysostome, 2013 [55]
	Benin
	Caractéristiques des poulets selon le point de vue des éleveurs
	0
	1
	1
	2
	Medium



	Edenakpo et al., 2019 [44]
	Benin
	Caractérisation morpho biométrique des poulets locaux élevés à Hessouhoué dans la commune d’Aplahoué au Sud-Ouest du Benin
	1
	1
	0
	2
	Medium



	Pinde et al., 2020 [45]
	Burkina Faso
	Profils morpho-biométriques de la poule locale du Burkina Faso
	1
	1
	0
	2
	Medium



	Pinde et al., 2020 [14]
	Burkina Faso
	Caractérisation et typologie des systèmes d’élevage de la poule locale du Burkina Faso
	0
	0
	1
	1
	Low



	Yacouba et al., 2021 [24]
	Burkina Faso
	Morpho-Biometric Evaluation of the Genetic Diversity of Local Chicken Ecotypes in Four Regions (Centre-East, Sahel, Centre-North and South-West) of Burkina Faso
	1
	1
	0
	2
	Medium



	Yapi-Gnaore et al. [25]
	Côte d’Ivoire
	Diversités phénotypique et morphométrique des poulets locaux (Gallus gallus) de deux zones agroécologiques de Côte d’Ivoire
	1
	1
	0
	2
	Medium



	N’dri A et al., 2016 [46]
	Côte d’Ivoire
	Biometric characterization of local chicken “Gallus gallus domesticus” according to the sex and phenotype from traditional breeding of Dabakala (Côte d’Ivoire)
	1
	1
	0
	2
	Medium



	Fofana et al., 2018 [48]
	Côte d’Ivoire
	Poultry Systems and Zootechnical Performances of Traditional Local Chicken in Côte D’Ivoire
	1
	0
	1
	2
	Medium



	Birteeb et al., 2016 [58]
	Ghana
	Variations in Morphometric Traits of Local Chicken in Gomoa West District, Southern Ghana
	1
	1
	0
	2
	Medium



	Birteeb & Boakye, 2020 [50]
	Ghana
	Variant forms of qualitative traits of indigenous chickens reared under extensive system in Tolon District, Ghana
	0
	1
	0
	1
	Low



	Ahmed and N’Daw., 2015 [65]
	Mauritanie
	Caractérisation de l’élevage familial de la poule locale (Gallus gallus) dans la région de Trarza en Mauritanie
	1
	1
	1
	3
	High



	Ousseini et al., 2019 [18]
	Niger
	Morpho-Biometric Characterization of the “Kolonto” Local Chicken Ecotype in Gaya Area
	1
	1
	0
	2
	Medium



	Ousseini et al., 2020 [19]
	Niger
	Morpho-biometric characterization of local chicken population in Niger
	1
	1
	0
	2
	Medium



	Egahi et al., 2010 [49]
	Nigeria
	Variation in qualitative traits in the Nigerian local chicken
	0
	1
	0
	1
	Low



	Apuno et al., 2011 [51]
	Nigeria
	Characterization of local chickens (Gallus gallus domesticus) in Shelleng and Song Local Government Areas of Adamawa State, Nigeria
	1
	1
	0
	2
	Medium



	Daikwo et al., 2011 [66]
	Nigeria
	Phenotypic characterization of local chicken in Dekina
	1
	1
	0
	2
	Medium



	Dunya et al., 2015 [23]
	Nigeria
	Local chicken management in rural Borno state, Nigeria.
	0
	0
	1
	1
	Low



	Rotimi et al., 2016 [47]
	Nigeria
	Phenotypic characterization of indigenous chicken population in Gwer-West, Benue State, Nigeria
	1
	1
	0
	2
	Medium



	Nahimana et al., 2019 [56]
	Senegal
	Family poultry practices in eastern Senegal and haute-Casamance
	0
	0
	1
	1
	Low



	Abdulai et al., 2019 [57]
	Sierra Leone
	Current Status of Indigenous Chicken Production in Moyamba District, Sierra Leone.
	0
	0
	1
	1
	Low



	Dao et al., 2015 [22]
	Togo
	Caractérisation phénotypique des populations locales de poulets (Gallus gallus domesticus) au Togo
	1
	1
	0
	2
	Medium







Q1 (question 1): Does the publication report data on biometric measurements? Q2 (question 2): Does the publication report data on qualitative parameters? Q3 (question 3): Does the publication report information on the characteristics of the livestock system?
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Figure 1. Flow diagram of the literature search process. 
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Table 1. Numbers (in thousands of heads) and percentages of chickens, and distribution of the territories of West African countries in the three agroecological zones.
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	Countries
	Size *
	%
	% Cumulative
	Arid
	Semiarid
	Wetland





	Nigeria
	166,125
	24.52%
	24.52%
	-
	++
	+++



	Ghana
	95,455
	14.09%
	38.61%
	-
	-
	++++



	Senegal
	88,495
	13.06%
	51.67%
	-
	++
	++



	Côte d’Ivoire
	84,375
	12.45%
	64.12%
	-
	-
	+++++



	Mali
	52,098
	7.69%
	71.81%
	+++
	+
	+



	Burkina Faso
	39,847
	5.88%
	77.69%
	+
	++
	++



	Guinea
	34,074
	5.03%
	82.72%
	-
	-
	+++++



	Togo
	30,534
	4.51%
	87.23%
	-
	-
	+++++



	Sierra Leone
	25,032
	3.69%
	90.92%
	-
	-
	+++++



	Benin
	22,690
	3.35%
	94.27%
	-
	+
	++++



	Niger
	20,696
	3.05%
	97.33%
	+++
	++
	-



	Liberia
	8713
	1.29%
	98.61%
	-
	-
	+++++



	Mauritania
	4733
	0.70%
	99.31%
	++++
	+
	-



	Guinea-Bissau
	2180
	0.32%
	99.63%
	-
	-
	+++++



	Gambia
	1485
	0.22%
	99.85%
	-
	-
	+++++



	Cape Verde
	1000
	0.15%
	100.00%
	-
	-
	+++++







*: Number in thousands of heads, source: [43]. %: Percentage of total in the West African subregion. Sources definition of agroclimatic zones: [29,30]. -: 0% of the territory of the country does not belong to the climatic zone, +: about 20% of the territory of the country belongs to the climatic zone; ++: 40% of the country’s territory belongs to the climatic zone; +++: 60% of the country’s territory belongs to the climatic zone; ++++: 80% of the country’s territory belongs to the climatic zone; +++++: 100% of the country’s territory belongs to the climatic zone.













[image: Table] 





Table 2. Appearance and distribution of plumage of local chicken populations as reported in the review.
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Color Number

	
Feather Structure (%)

	
Distribution of Feathers (%)

	
References




	
Normal

	
Silky

	
Frizzle

	
Normal

	
Shank Feathered

	
Naked-Neck






	
13

	
-

	
-

	
-

	
71.91

	
-

	
0.43

	
[44] 1




	
25

	
96.18

	
0

	
3.82

	
96.01

	
-

	
1.78

	
[24] 1




	
13

	
99.24

	
0.13

	
0.63

	
-

	
-

	
-

	
[45]




	
-

	
-

	
4.31

	
0.86

	
85.35

	
-

	
0.86

	
[46] 1




	
-

	
48.9

	
-

	
1.4

	
48.8

	
-

	
1.1

	
[25] 1,2




	
-

	
46.4

	
-

	
0.9

	
46.1

	
-

	
0.8




	
13

	
96.6

	
-

	
5

	
-

	
0.4

	
0.7

	
[19] 3




	
6

	
88.49

	
0

	
5.31

	
0

	
-

	
6.2

	
[47] 3




	
11

	
92.67

	
6.67

	
0.67

	
86.67

	
0.83

	
0

	
[22] 1




	
12

	
98

	
1.33

	
0.67

	
82.5

	
0

	
0




	
11

	
97.33

	
2

	
0.67

	
74.17

	
0.83

	
1.67




	
11

	
96.67

	
2.67

	
0.67

	
79.17

	
0

	
2.5




	
11

	
96.67

	
1.33

	
2

	
89.17

	
0

	
0








1 These studies that considered the hoopoe as a characteristic of feather distribution when this was not the case. Percentage shares relating to the hoopoe were not reported. 2 This study calculated the proportions according to two subgroups. 3 Proportions concern both the structure and distribution of feathers.
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Table 3. Proportions of the distinct types of combs observed in West Africa.
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Simple

	
Walnut

	
Pea

	
Rosacea

	
Double

	
References






	
96.78

	
0

	
0

	
3.22

	
0

	
[24]




	
78.68

	
0

	
0.38

	
19.04

	
0.76

	
[45]




	
49.5

	
0

	
0

	
1.4

	
0

	
[25]




	
46

	
0

	
0

	
1.6

	
0




	
99.5

	
0

	
0

	
0.5

	
0

	
[19]




	
96.45

	
0

	
0.44

	
3.1

	
0

	
[51]




	
88.49

	
0

	
3.9

	
7.03

	
0

	
[47]




	
86

	
0

	
9.33

	
1.33

	
2.67

	
[22]




	
98

	
0

	
1.33

	
0.67

	
0




	
97.33

	
0

	
0.67

	
0.67

	
1.33




	
86

	
0

	
9.33

	
1.33

	
2.67




	
99.33

	
0

	
0

	
0.67

	
0




	
85.9

	
0

	
8.8

	
5.3

	
0

	
[50]











[image: Table] 





Table 4. Biometric measurements of local chickens in West Africa.
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Sample Size

	
Weight (g)

	
Body Length (cm)

	
Chest Circumference (cm)

	
Leg Length (cm)

	
References




	
Male

	
Female

	
Male

	
Female

	
Male

	
Female

	
Male

	
Female

	
Male

	
Female






	
316

	
1309

	
1085

	
21.6

	
19.6

	
35.9

	
32.6

	
10.9

	
8.6

	
[15]




	
326

	
1046

	
846

	
19.8

	
18.7

	
32.4

	
30.1

	
9.1

	
7.8




	
1179

	
1375.07

	
1110.58

	
30.59

	
28.39

	
-

	
-

	
8.77

	
7.47

	
[24]




	
256

	
692

	
1640

	
1150

	
42.16

	
37.3

	
29.01

	
25.96

	
6.21

	
4.95

	
[45]




	
108

	
220

	
1500

	
21.3

	
30.4

	
6.3

	
[25]




	
85

	
219

	
1400

	
20.7

	
28.8

	
5.9




	
69

	
191

	
1324

	
1028

	
36.91

	
33.48

	
28.37

	
26.58

	
7.95

	
6.71

	
[65]




	
35

	
111

	
1641.2

	
1253.5

	
45.5

	
39.6

	
33.2

	
30.4

	
11.2

	
8.9

	
[18]




	
156

	
398

	
1484.24

	
1266.64

	
40.3

	
37.21

	
30.63

	
29.28

	
9.22

	
7.7

	
[19]




	
222

	
229

	
1340

	
1180

	
18.63

	
17.81

	
27.59

	
26.85

	
9.69

	
7.87

	
[51]




	
2467

	
4624

	
1380

	
1230

	
53.77

	
49.05

	
-

	
-

	
-

	
-

	
[47]




	
30

	
120

	
1605.1

	
1178.8

	
40.77

	
36.3

	
31.53

	
29.42

	
10.183

	
8.062

	
[22]




	
30

	
120

	
1562.43

	
1132.87

	
40.57

	
35.96

	
31.27

	
28.38

	
9.883

	
7.9




	
30

	
120

	
1500.1

	
1083.57

	
39.83

	
35.01

	
30.87

	
27.61

	
9.483

	
7.587




	
30

	
120

	
1585.1

	
1102.11

	
41.07

	
35.94

	
31.67

	
28.98

	
9.917

	
7.767




	
30

	
120

	
1451.33

	
946.23

	
39.63

	
34.53

	
30.75

	
26.97

	
9.283

	
7.404




	
130

	
370

	
1190

	
940

	
24.64

	
22.31

	
14.32

	
13.27

	
10.04

	
8.55

	
[58]




	
3420

	
1320

	
1050

	
38.45

	
33.87

	
32.37

	
28.06

	
6.23

	
4.89

	
[66]
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