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Abstract 
This study was conducted to identify the different ecotypes existing in Malagasy village chickens. Measurements of morpho-
biometric parameters of chickens from two ecological different regions (Analamanga and Atsimo Andrefana) and statistical 
analyses were performed according to FAO guidelines. Among the 117 chickens analyzed, the results showed that those from 
the Atsimo Andrefana region had significantly higher biometric values than those from the Analamanga region regarding live 
weight (1629.23g vs. 1448.46g; p = 0.02), wingspan (46.09cm vs. 44.08cm; p = 0.009) and tarsal length (8.51cm vs. 7.13cm; p 
< 0.000). However, there was no significant difference between the two groups of chickens for the body length (p = 0.829) and 
chest circumference (p = 0.922). Morphological characters are very diverse and did not show any significant difference 
between the Analamanga and Atsimo Andrefana regions. Thus, the groups of chickens correspond to two ecotypes identified 
in the Malagasy village chickens. 
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Introduction 
Madagascar’s avian herd, estimated at 39.916 million heads 
in 2019 [1], consists mainly (83%) of Malagasy village 
chickens [2] called Akoho gasy (Gallus gallus domesticus). 
In 2017, mitochondrial DNAs analysis of 77 chickens 
around Antananarivo revealed the Akoho gasy is originated 
from East Africa due the presence of D haplotype. It is 
identified as well in the East African chickens (Herrera et 
al.). If molecular analysis showed this phylogenetic link, 
would the Akoho gasy then have the same phenotypic 
characters as African chickens? 
However, outside these investigations, there has not yet a 
study carried out about the phenotypic characterization of 
Malagasy chickens according to FAO guidelines even 
though it is essential to start any genetic study [3, 4]. The only 
reported study is the one carried out by Koko et al. (2006b) 
in which they suspected the existence of ecotypes within the 
Akoho gasy given the wide variation of live weight of 
chickens in two agro-ecological zones of Madagascar 
(Hauts Plateaux Sud, i.e. Ambohimangakely and Moyen 
Est, i.e. Moramanga). Unfortunately, the morphological 
characteristics were not taken into consideration. Hence the 
interest of this present study, which has the aim to determine 

the morphologic and biometric characters of village Akoho 
gasy in the same zones. 
 
Materials and Methods 
Study sites 
The study was conducted in two different agro-ecological 
zones of Madagascar: the Analamanga Region, which 
represents the Hauts Plateaux Sud zone, and the Atsimo 
Andrefana Region, which represents the Sud et Sud-Oues 
zone (Figure 1) [5]: 
- The Analamanga Region covers an area of 17,464Km2 
with a cultivated area/cultivable area ratio of 75%. The 
primary sector accounts the 49.02% of all activities, mainly 
food crops (rice, cassava, maize, sweet potatoes, etc.), 
vegetable crops (onions, peanuts, etc.), cash crops and 
industrial crops. The soil is mostly ferralitic and relatively 
fertile. The climate is of tropical altitude type with an annual 
average temperature of 19°C and rainfall of 1,100mm. It is 
characterized by the alternation of a rainy and hot season 
(November to April) and a cool and relatively dry season 
(May to October). The region is rich in water sources and is 
a home to 14 endemic plant species and 6 endemic wildlife 
species including amphibians, reptiles and birds.  
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- The Atsimo Andrefana region covers an area of 66,236km2 
with a ratio of cultivated/cultivable area of 1.63%. The 
primary sector represents 96.6% of all activities. Food crops 
(rice, cassava, sweet potatoes, cape peas, maize, beans, 
peanuts, etc.) are important. The soil is sandy and 
calcareous with a semi-arid climate, characterized by a long 

dry season of 7 to 9 months. Rainfall is less than 600 mm 
per year. In terms of biodiversity, the region is home to 
flagship species such as the radiated turtle (Geochelone 
radiata), the Pyxis arachnoides turtle and nine species of 
endemic birds. 

 

 
(Source: Author; Map created using QGIS 2.14) 

 

Fig 1: Study sites showing (A) the Analamanga region and (B) the Atsimo Andrefana region 
 
 

Data Collection 
The study was conducted from September to November 
2018 among rural households practicing village poultry 
farming with Akoho gasy. It consisted of direct observations 
of morphological parameters, weighing, body 
measurements, and photography of each animal (cock or 
hen) at the two study sites in a single visit according to FAO 
guidelines on primary characterization (2012). For data 
collection, questionnaires were developed by adapting the 
one proposed by FAO (2012). 
Morphological characters of each body part of the birds 
were determined by direct observation during the day such 
as appearance and size, plumage pattern, plumage color, 
plumage distribution, feather type, genetic type (standard 
size or dwarf) and colors of eye, skin, comb, ear-lobes, 
wattle and tarsus. All morphological data were collected 
according to the standard descriptor for chickens proposed 
by FAO and Coquerelle [4, 6, 7]. 
The biometric parameters studied in chickens were: live 
weight (LW), body length (BL), chest circumference (CC), 
wing span (WS) and tarsal length (TL). For weighing, a 

portable electronic scale (Wei Heng) with a capacity of 10 
Kg and a precision of 5g was used and the body 
measurements were taken with a tape measure graduated in 
cm. Photographs were taken with a Samsung WB 150F 
camera. 
 
Sample and sampling method 
The inclusion of chickens was based on households or 
poultry farmers who were, in their turn, be chosen by 
"snowball" sampling due to the lack of data on the list of 
household-farmers. Thus, for the constitution of the sample, 
a poultry farmer was identified in a commune, and then he 
was asked to indicate all the poultry farmers he knew. The 
sample size then depended on the number of households and 
their animals available per study site. Male or female birds 
at the age of sexual maturity were included: 7-8 months for 
cocks and 6-7 months for hens [4]. Any cocks or hens with 
malformations that could affect the observations and 
measurements were excluded.  
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Study variables and data analyses 
Qualitative variables (presented by morphological 
characters) and quantitative variables (by biometric 
characters or zootechnical performance) were taken as 
variables response. The two regions, Analamanga and 
Atsimo Andrefana, were chosen as factors to explain the 
response variables. 
All statistical analyses were always performed according to 
the proposals of FAO (2012). Student’s test (univariate 
parametric test) or, where applicable, Wilcoxon test (non-
parametric test) and discriminant analysis (multivariate test) 
were used to compare the biometric means of chickens from 
the two regions and to validate the classification of chickens 
into a group [4, 8]. 
Moreover, the association of morphological characters with 
the region factor was analyzed with Fisher's exact test as 
reported by FAO (2012). The groups of a variable with zero 

values were excluded from the analysis. All statistical 
analyses were performed with R 3.6.1 using the 
corresponding packages. For all tests, p ≤ 0.05 indicates a 
significant value. 
 
Results 
A total of 117 hens and cocks were phenotypically 
characterized in this study. 
 
Morphological characteristics 
Type and distribution of plumage 
All plumage types were smooth (100%). Genetic types such 
as dwarfism (Figure 2A) and crest (Figure 2B) may occur. 
In our study, they were rare, i.e. respectively about 1.70% 
and 0.85%. These mutation traits affect only hens of the two 
Akoho gasy groups. 

 

 
 

Fig 2: (A) Dwarf and mottled hen and (B) crested hen 
 

The distribution of normal type plumage was the most 
observed in both groups of chickens with a proportion of 
97.43%. Two (2) hens showed other plumage distribution 
such as muffs and beard found in a hen from Analamanga 
and thick plumage in a hen from Atsimo Andrefana (Figure 
2). The hen with thick plumage had a higher weight (1520 
g) than the mean (1441.09 g). 
 
Colors and patterns of plumage 
Eighteen (18) plumage colors were recorded for the 2 sites 

(Table 1). The colors are different in males and females. In 
the hen, light brown (22.33%; Figure 3A), brown (20.38%; 
Figure 3B), metallic black or barring (11.11%; Figure 3C), 
and dark brown (8.54%; Figure 3D) were the most frequent 
colors.  
For the groups of hens in the Analamanga region, light 
brown and brown predominate, while for those in the 
Atsimo Andrefana region, it is the opposite. The barring is 
shared between the two sites. 

 
Table 1: Plumage colors in 117 chickens from Analamanga and Atsimo Andrefana regions 

 

Color of plumage Analamanga Atsimo-Andrefana Total F M M/F F M M/F 
Barring 8 1 9 5 - 5 14 

Black mottled - - - 1 - 1 1 
Black with yellow hackle 4 2 6 1 - 1 7 

Black-tailed-red - 3 3 - 5 5 8 
Blue - - - 2 1 3 3 

Brown 10 - 10 11 - 11 21 
Buff 2 - 2 - - - 2 

Dark brown 8 - 8 2 - 2 10 
Dark orange 2 - 2 - - - 2 

Dark red 1 - 1 - - - 1 
Dark slate 1 - 1 2 - 2 3 

Dark yellow 2 - 2 3 - 3 5 
Dirty white - -  1 - 1 1 
Light brown 18 - 18 5 - 5 23 
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Multicolor 7 1 8 3 - 3 11 
Red - 1 1 - - - 1 

Silver 3 - 3 - - - 3 
White 1 - 1 - - - 1 
Total 67 8 75 36 6 42 117 

 
In the cocks, two colors such as black-tailed red or 
"akoholahy mena" in Malagasy (Figure 3E) and black with 
yellow hackle or "akoholahy masira" (Figure 3F) are the 
most common with respective frequencies of 57.14% and 

14.28%. Cocks have only 5 plumage colors among the 18 
colors recorded. No color is significantly associated with 
regions or agro-ecological zones according to Fisher's exact 
test (p=0.13). 

 

 
 

Fig 3: Different plumage colors in chickens such as, from left to right, (A) light brown hen, (B) brown hen, (C) barring hen, (D) dark brown 
hen, (E) red cock with black tail, and (F) black cock with yellow hackle 

 
Nine (9) plumage patterns were recorded in the 2 groups of 
chickens (Table 2) of which plain (58.11%; Figure 3) and 
partridge (20.51%; Figure 4A) were the most encountered 
for the 2 regions. The partridge, stippling and heterogeneous 
patterns are observed only in hens. The hens had all the 
listed patterns except the crele (Figure 4B). Nine (9) hens 

had heterogeneous patterns (Figure 4C). Six (6) hens or 
5.12% had the laced pattern (Figure 4D). Most of the cocks 
or 85.71% only showed the plain pattern (Figure 3E and 
Figure 3F). Fisher's test showed no significant association 
between plumage patterns (p=0.19) or plumage colors 
(p=0.31) and the ecological regions. 

 
Table 2: Plumage patterns in 117 chickens from Analamanga and Atsimo Andrefana regions 

 

Plumage patterns Analamanga Atsimo-Andrefana Total 
F M M/F F M M/F  Crele - 1 1 - -  1 

Heterogeneous 6 - 6 3 - 3 9 
Laced 3 - 3 3 1 4 7 

Mille-fleur 1 - 1 - - - 1 
Mottled - - - 1 - 1 1 
Partridge 17 - 17 7 - 7 24 
Penciled 1 - 1 - - - 1 

Plain 38 7 45 18 5 23 68 
Stippling 1 - 1 4 - 4 5 

Total 67 8 75 36 6 42 117 
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Fig 5: Plumage patterns such as, from left to right, (A) plain, (B) partridge, (C) crele, (D) Mille-fleur, (E) laced and (F) heterogeneous 
 
Eye colors 
Five eye colors were recorded for chickens in both regions, 
with predominance of yellow (66.67%) followed by orange 
(27.35%) (Table 3). The frequency of yellow is higher in 
Atsimo Andrefana (76.19%) than in Analamanga (61.33%) 
while orange is more frequent in Analamanga (29.33%) than 

in Atsimo Andrefana (11.90%). Other colors such as black, 
brown and white are rare, ranging from 0.85 to 2.56%. 
Fisher's test showed that at least one eye color (yellow or 
orange) is significantly associated with the study region 
(p=0.009), but did not determine which one. 

 
Table 3: Eye color in the two groups of Akoho gasy 

 

Eye colors Analamanga Atsimo-Andrefana Total 
F M M/F F M M/F  White 1 - 1 2 - 2 3 

Yellow 42 4 46 27 5 32 78 
Brown 1 - 1 2 - 2 3 
Black - - - 1 - 1 1 

Orange 22 5 27 5 - 5 32 
Total 66 9 75 37 5 42 117 

 
Tarsal colors 
Nine (9) tarsal colors were recorded (Table 4) and yellow 
with its shades (yellowish or pale yellow) predominate in 
chickens of both regions with a proportion of 58.97%. 
Brown (1.70%), white (4.27%), pale yellow (4.27%) and 
green (11.12%) were only found in Analamanga. Inversely, 

blue is only found in 2 chickens from Atsimo Andrefana. In 
addition, green tarsi are more encountered in hens (17/18 or 
94.45%) than in cocks (1/18 or 5.55%). Fisher's exact test 
showed no association between tarsal color and region 
(p=0.52). 

 
Table 4: Color of the tarsi in the two groups of Akoho gasy 

 

Tarsal color Analamanga Atsimo-Andrefana Total 
F M M/F F M M/F  White 4 1 5 - - - 5 

Blue - - - 1 1 2 2 
Yellowish 6 1 7 2  2 9 

Yellow 23 5 28 23 4 27 55 
Pale yellow 5 - 5 - - - 5 

Brown 2 - 2 - - - 2 
Black 11 1 12 9 - 9 21 

Greenish 3 - 3 2 - 2 5 
Green 12 1 13 - - - 13 
Total 66 9 75 37 5 42 117 
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Morphological characteristics of the comb, wattles, ear-
lobes and faces 
Only two (2) types of comb were found in the study (Table 
5). The pea comb was the most observed with an overall 
frequency of 98.47% (88% for Analamanga and 90% for 
Atsimo Andrefana). Fisher's exact test showed no 
significant association between agro-ecological zones and 
comb type (p=0.76) or comb size (p=1). In contrast, the 
association between comb type and comb size was 
significant with a value of p=0.00001. When a hen has a pea 
comb, her size is small (medium vs. small size, p=0.00004). 
Indeed, 89 out of 103 hens or 86.4% of the sample had 
small pea comb, regardless of genetic type or plumage 
pattern. In cocks, the single comb was less frequent (7.14%) 
for both groups.  
 

Table 5: Types and sizes of comb of the 117 chickens 
 

Parameters Analamanga Atsimo-Andrefana Total 
F M M/F F M M/F  Comb type 

Pea 59 7 66 32 6 38 104 
Single 8 1 9 4 - 4 13 
Total 67 8 75 36 6 42 117 

Comb size 
Big 1 4 5 1 2 3 8 

Middle 5 4 9 3 2 5 14 
Small 60 1 61 33 1 34 95 
Total 66 9 75 37 5 42 117 

 
The comb, wattles, ear-lobes and face have the same color, 
red and its shades (Table 6). The shades range from pinkish 
to reddish.  
The respective frequencies of the pink and red colors are 
46.15% and 41.02% for the combs, 40.62% and 59.38% for 
the wattles, 47% and 41.88% for the ear-lobes and 47.86% 
and 42.73% for the faces. The uniqueness of these colors is 
very evident in both groups of Akoho gasy. Thus, the pink 
and red colors represent respectively 46.47% and 43.34% 
with a total of 89.81% for all chickens. Most of the cocks 
(78.57%) have wattles, but 79.61% of the hens do not. 
Fisher's exact test showed no significant association 
between agro-ecological zones and comb color (p=0.18), 
wattles color (p=0.39), ear-lobes color (p=0.53) or face 
color (p=0.08).  

Table 6: Colors of the combs, wattles, ear-lobes and faces of 117 
chickens 

 

Parameters Analamanga Atsimo-Andrefana Total 
F M M/F F M M/F  Comb color 

Pinkish 8 - 8 5 - 5 13 
Pink 29 1 30 24 - 24 54 
Red 28 7 35 8 5 13 48 

Reddish 1 1 2 - - - 2 
Total 66 9 75 37 5 42 117 

Color of wattle 
None 55 3 58 27 - 27 85 
Pink 6 - 6 7 - 7 13 
Red 6 5 11 2 6 8 19 
Total 67 8 75 36 6 42 117 

Color of ear-lobe 
Pinkish 6 - 6 5 - 5 11 

Pink 32 1 33 22  22 55 
Red 27 7 34 10 5 15 49 

Reddish 1 1 2 - - - 2 
Total 66 9 75 37 5 42 117 

Color of face 
Pinkish 4 - 4 5 - 5 9 

Pink 32 - 32 24 - 24 56 
Red 29 8 37 8 5 13 50 

Reddish 1 1 2 - - - 2 
Total 66 9 75 37 5 42 117 

 
Skin colors 
Three (3) skin colors were identified: pink (41.88%), white 
(30.76%) and yellow (27.35%). The group of chickens in 
the Analamanga region have white skin at 41.33% and pink 
at 40%. On the other hand, 45.3% of the chickens in the 
Atsimo Andrefana group have yellow skin and 42.85% have 
pink skin. Fisher's exact test showed that at least one of the 
three skin colors was significantly related to a region 
(p=0.0009), but did not determine which one. 
 
Biometric characteristics 
Univariate comparisons of biometric means 
Weight values ranged from 920g to 3265g for cocks and 
from 615g to 2310g for hens. Biometric values are 
significantly higher for cocks than for hens in both study 
areas highlighting sexual dimorphism (Table 7). 

 
Table 7: Means ± standard deviations of biometric values of 117 chickens 

 

Parameters Sexe 
Regions Total Analamanga Atsimo-Andrefana 

(n=75) (n=42) (N=117) 
Live Weight F 1388.80 ± 349.15a 1538.41 ± 340.11b 1441.09 ± 351.72 

(g) M 1948.12 ± 719.81a 2174.16 ± 687.74a 2045.00 ± 688.75 

 Total 1448.46 ± 433.53A 1629.23 ± 455.11B 1513.35 ± 447.99 
Body length F 41.24 ± 3.22a 41.00 ± 2.21a 41.16 ± 2.90 

(cm) M 46.00 ± 8.40a 48.11 ± 4.65a 46.90 ± 6.89 

 Total 41.75 ± 4.25A 42.02 ± 3.62A 41.85 ± 4.03 
Chest Circumference F 30.92 ± 3.32a 30.57 ± 2.26a 30.80 ± 2.99 

(cm) M 33.10 ± 5.91a 35.11 ± 2.84a 33.96 ± 4.79 

 Total 31.15 ± 3.69a 31.22 ± 2.82a 31.18 ± 3.39 
Wing Span F 43.60 ± 2.91a 45.57 ± 3.27b 44.28 ± 3.17 

(cm) M 48.18 ± 7.40a 49.25 ± 7.17a 48.64 ± 7.04 

 Total 44.08 ± 3.84a 46.09 ± 4.14b 44.81 ± 4.05 
Tarsal Length F 6.98 ± 0.50a 8.41 ± 1.42b 7.48 ± 1.15 

(cm) M 8.37 ± 1.23a 9.10 ± 1.99a 8.68 ± 1.57 

 Total 7.13 ± 0.74A 8.51 ± 1.50B 7.62 ± 1.26 
a or b and A or B: Different values respectively according to the Student and the Wilcoxon tests 
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Statistical analyses show that the group of chickens from the 
Atsimo Andrefana Region have significantly higher 
biometric values than those from the Analamanga Region 
regarding live weight (p=0.021), wing span (p=0.009) and 
tarsal length (p<0.000). On the other hand, hens from 
Analamanga have slightly higher values than those from 
Atsimo Andrefana, but not significant, for body length 

(p=0.653) and chest circumference (p=0.525).  
 
Multivariate comparisons of hen biometric means 
The Discriminant Analysis (DA) shows that the first 
discriminant function (Axis 1) provides a separation 
percentage of the groups of hens from the two regions of 
100% (Table 8). 

 
Table 8: Eigenvalue and percentage analysis of DA axes 

 

Axe CanRsq Eigenvalue Difference Percent (%) Cumulative 
1 0.442 0.793 - 100 100 

 
The contributions of the variables of mensuration for the 
discrimination on Axis 1 show that there is opposition 
between the group of variables TL (+1.137), LW (+0.267) 
and the group WS (-0.122), CC (-0.146) and BL (-0.640) 
according to their standard coefficients.  
The values of class means (-0.646 for Analamanga and 
+1.203 for Atsimo Andrefana) show a significant difference 
between the two groups of hens (Figure 5). Tarsal length, 

wing span, and live weight differentiate between hen of 
Analamanga and those of Atsimo Andrefana according 
respectively to their canonical structure coefficients of 
+0.892, +0.447 and +0.306 (Figure 5). The group of hens 
from Atsimo Andrefana had significant longer tarsi, wider 
wings and higher weight than the group from Analamanga. 
In contrast, the body length and the chest circumference do 
not significantly distinguish the two groups. 

 

 
 

Fig 5: Canonical variate and structure coefficients for regions on Axis 1 
 
The results of univariate (Student's test and Wilcoxon test) 
and multivariate (discriminant analysis) statistical tests 
cohere and significantly differentiate the two groups of 
village chickens by the variables TL, WS and LW (Table 7 
and Figure 5). 
 
Discussion 
According to these results, phenotypic diversity is observed 
in both groups of Akoho gasy. In contrast to commercial 
lines and standardized breeds, this diversity may probably 
be the result of uncontrolled crosses or lack of standardized 
selection in Malagasy village chickens as occurs in many 
African countries [9, 10]. 
Qualitative characters 

Type, distribution and pattern of plumage 
Our results on normal plumage type (100%) are consistent 
with those reported in the chicken population located in the 
Kaff zone, Southwestern Ethiopia (100%) [11] and in 
indigenous chickens of Southern Ethiopia (89.1%) [12]. In 
contrast, the results of Dana et al. (2010) [14] showed a less 
frequent normal type plumage of 58% versus 42% for the 
silky type plumage. 
The normal plumage distribution found in both groups of 
Akoho gasy (97.43%) is comparable to those identified in 
Kenya (96.6%) [13], Ethiopia (98% and 83.2%) [12, 14] and 
Cameroon (87.64%) [15]. However, published results from 
Uganda [16] show different proportions with other 
distribution types. Indeed, 75% of the chickens are normal 
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type plumage, 12% with crest, 9% naked neck and 4% with 
feathered tarsi. Also in Ethiopia, a lower frequency of 
normal type plumage of 75.2% was reported by Tadele et al. 
(2018). Higher respective frequencies of 28%, 31%, and 
41%, of naked neck chickens were reported in chickens 
from the Gamo Gofa administrative zone in Ethiopia [12], the 
Kakamega chicken ecotype in Kenya [17], and local hens in 
Togo [9]. For the muffs and the beard, a close frequency to 
the present study (0.85% for Akoho gasy vs. 1.28% for 
Ethiopian chickens) is reported by Melesse and Negesse 
(2011). 
The variability of plumage patterns recorded in the present 
study is comparable to those reported by Keambou and 
Manjeli (2015), Dao et al. (2015) and Hassan et al. (2020). 
In contrast, the frequency of the plain pattern (represented 
by colors such as white (8.13%), dirty white (7.07%), tan 
(6.40%), gray (0.40%), black (5.33%), black-tailed red 
(4.93%), and black with golden hackle (4.67%), totaling 
36.93%) reported from Togo [9] is lower compared to our 
study (58.11%). Yet, the frequency of the partridge pattern 
recorded in Togo, 20.8% (golden partridge 13.6% and silver 
partridge 7.20%), is comparable with our present study 
(20.51%). The mottled pattern is rare according to our 
results (0.85%) while it is found in 26.67% of the local 
chicken population in Nigeria [18]. The mille-fleur and 
cuckoo patterns are more common in Cameroon and are 
respectively around 6.27% and 12.73% according to the 
study of Haoua et al. (2015) [15]. 
 
Plumage color 
The variability in plumage colors encountered in this study 
(18) is in coherence with the ten (10) colors of indigenous 
chickens reported in Kenya [17]. The same results were also 
found in Togo with 23 to 28 colors [9], in the Kaff Zone in 
southeastern Ethiopia with 10 colors [11], in Cameroon with 
15 colors [15], and in Benin with 22 colors for Forest 
chickens and 18 for Savanna chickens [10]. 
The black-tailed red plumage of cocks reported with a 
proportion of 22% in Togo [9] was also found in Akoho gasy 
chicken groups in both Malagasy regions (57.14%). In 
contrast, the white plumage that Dao et al. reported with a 
frequency of 10% in 150 cocks was not found in the present 
study. 
In hens, the predominance of light brown (22.33%) and 
brown (20.38%) in our results diverges from those reported 
by Ngeno et al. (2014) showing the superiority of black 
plumage for the Bomet, Narok, and West Pokot chicken 
ecotypes, but agrees with the brown plumage reported in the 
same study in the Siaya ecotype. 
The rest of the plumage colors identified in the present 
study are highly varied and are similar to the results 
reported in Cameroon for red (2.87%) and multicolor 
(7.71%) [15]. 
 
Type and size of comb 
More comb types than those found in this study (single and 
pea) were recorded in Ethiopia: single, pea, buttercup, 
duplex, rose, strawberry, and walnut types [19]. Similarly, in 
Cameroon, six types of comb were recorded: single, rose, 
spiky rose, walnut, pea and double [7].  
Our studies showed that the pea comb is more prevalent in 
both Madagascar regions (88%) than in native Ethiopian 

chickens (49-56%) [14]. In contrast, higher frequencies of 
single comb were encountered in Cameroon (98%) and 
Kenya (>83%) [7, 17].  
The small size of the ear-lobes and wattles of pea combed 
hens in both regions is identical to that observed in the Red 
Junglefowl in Malaysia [20]. Furthermore, the absence of 
comb in some hens and the presence of a few protrusions 
instead, according to Fotsa et al. (2010), probably explains 
the smallness of the pea comb observed in 86.4% of the two 
groups of Akoho gasy. 
 
Colors of ear-lobes, wattles, combs and faces 
Similar results to the present study (41.88%) were reported 
in Cameroon (39.7%) and in Ethiopia (52%) for the 
frequency of red ear-lobes [14, 21]. However, other colors that 
we did not detect were reported as white (35.7%) [21] and 
yellow (8%) [14]. Youssao et al. (2010) reported more colors 
(white, bluish white, sandy, red, gray, and yellow) with 
respective predominance of white at 45.1% and 60.8% the 
Savanna and Forest ecotypes of Benin [10]. Black, gray, and 
brown were reported at low frequencies in Kenya [17]. 
For the comb, more colors (8) than those identified in this 
study (4) were also found in Cameroon [15]. Their 
frequencies were 73.2% for red, 15.65% for pink, 4.86% for 
black, 0.54% for yellow, and 0.36-3.42% for red/black, 
brown, white, and gray. The predominance of pink comb 
that we found (46.15%) in our results would therefore 
require further investigation to know if it was due to a 
normal color or a pathology. Indeed, some studies report 
that comb color is an indicator of health status and fertility 
of chickens [22, 23]. 
The uniqueness colors of wattle, comb and ear-lobe which is 
represented by shades of red (Table 6) is consistent with the 
results reported in Ethiopia [19] and in fancy chickens [24]. In 
Kenya, similar results were also recorded in native chickens 
for red color of the comb and wattles [25]. 
 
Eye color 
The results of this study showed eye colors with a frequency 
of 66.67% for yellow and 27.35% for orange. Reverse 
results were found in local hens in the Western Highlands of 
Cameroon which are more characterized by orange eyes 
(57.9%) followed by yellow (31%) [21]. Higher frequencies 
of orange of 81.7%, 72.7 and 62% were also respectively 
found in Algeria [3], Benin Forest chickens [10] and Kenyan 
indigenous chickens [17]. On the other hand, red (37.6%) and 
gray (24.2%), which are more represented in Benin 
Savannah chickens [10], were not reported in the two Akoho 
gasy groups. 
 
Tarsal color 
The predominance of yellow tarsus in this study (58.97%) is 
comparable to the results shown by Dana et al. (60%; 2010) 
[10], Melesse and Negesse (52.5%; 2011), Desta et al. 
(61.1%; 2013) and Tadele et al. (61%; 2018) in Ethiopia. 
Similar results were also reported for black tarsus in Uganda 
with a frequency of 21% [16] compared to 17.94% in the 
present study. On the other hand, white tarsus is more 
frequent in Niger [13], Algeria [3], the Sudano-Sahelian agro-
ecological zone of Cameroon [15] and Togo [9] with 
respective proportion of 45.1%, 40.9%, 38.52% and 34%. In 
Nigeria, different results marked by the superiority of the 
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frequency of black tarsus (42.22%) followed by white 
(38.89%) and yellow (18.89%) were reported [18]. The rarity 
of brown tarsus found in our results (4.27%) was supported 
by Hassan et al. (2020) with a proportion of 0.5%. 
 
Skin color 
The results of the present study differ from those found in 
Cameroon which show that 4 skin colors were reported 
(white, pink, yellow and pigmented) with predominance of 
white (40.9%), followed by yellow (37.3%) and pink 
(21.5%) [21]. Fotsa et al. (2010) also determined that 
Cameroonian chickens in the Central Province shared the 
same proportions for yellow and white, but the Southern and 
Eastern Provinces showed higher respective proportions of 
yellow at 66.4% and 69%. In Togo, an even higher 
frequency of white (76%) was published while pink was 
rare (1 individual among the 750, or 0.13%) [9].  
In Ethiopia, white and yellow are the only colors recorded 
with predominance of yellow at 58% [14]. 
 
Live weight and body measurements 
The average weight of chickens in the Analamanga and 
Atsimo Andrefana regions of 1513.35g ± 447 (2045g ± 688 
in cocks and 1441g ± 351 in hens) is lower than those found 
by Koko et al. which were respectively 2460g and 1620g 
[26]. However, their study, carried out in the same Hauts 
Plateaux Sud zone (Ambohimangakely) and in the Moyen 
Est zone (Moramanga) of Madagascar, showed 
heterogeneity in weights ranging from 600 to 4010g, all 
genera combined. These values are higher than those of 
most village chickens in Africa. Indeed, lower live weights 
have been reported in Benin (1177g for cocks and 965g for 
hens) [10], in Côte d'Ivoire (1571.79g ± 60.69 and 1120.78g 
± 29.70) [27], in Ethiopia (1612g ± 458 and 1266g ± 373, in 
2010; 1540g ± 0.016 and 1200g ± 0.012, in 2013) [14, 19], in 
Togo (1540.81g ± 399.74 and 1088.62g ± 244.26) [9], in 
Cameroon (1535g ± 403 and 1220g ± 258 in 2010; 1588g ± 
332 and 1323g ± 269 in 2016) [7, 15] and in Algeria for cocks 
(1716g ± 17.53) [3]. In contrast, higher live weights were 
reported in Uganda for cocks (2100g) [16], in India for 
Punjabi brown chickens (2150g ± 0.94 and 1570g ± 0.04) 
[28] and in Algeria for hens (1451g ± 10.41) [3]. 
Regarding body measurements, lower body lengths (BL), 
chest circumferences (CC) and wing spans (WS) were 
observed in Cameroon (BL = 43.96cm ± 3.12 and 40.59cm 
± 2.61; CC = 31.47cm ± 3. 59 and 30.14cm ± 3.48) [15], in 
Togo (BL = 41.07cm and 35.94cm) [9] and in Nigeria (BL = 
40.30cm ± 0.44 and 37.21cm ± 0.43; CC = 30.63cm ± 0.47 
and 29.28cm ± 0.46; WS = 46.34cm ± 0.46 and 41.44cm ± 
0.45) [13]. In contrast, similar tarsal lengths to those in our 
study (8.68cm ± 1.57 in cocks and 7.48cm ± 1.15 in hens) 
were recorded in Konso Ethiopia (10.1cm ± 0.6 and 7.1cm ± 
0.6) [14], in the Dry Savannah of Togo (10.18cm and 
8.06cm) [9], in Cameroon (7.68cm ± 0.79 and 6.28cm ± 0.8) 
[21], in Kenya (10.92cm ± 0.32, all genera combined) [17] and 
in Algeria (9.85cm ± 0.06 and 8.81cm ± 0.04) [3]. 
The sexual dimorphism toward live weight and body 
measurements that we identified in this study was also 
reported in the studies conducted by Dana et al. (2010) [10], 
Haoua et al. (2015) [15] and by Tadele et al. (2018). 
Influence of agro-ecological zones 
The superiority weight of chickens in Atsimo Andrefana is 

probably related to the agro-ecological characteristics of the 
area, such as access to more nutritious plant products 
(maize, cassava, sweet potato, and cape peas), the absence 
of extreme cold or frequent bad weather, animal 
epidemiological status and the presence of certain disease 
resistance genes. A study of the Mx gene for resistance to 
viral infections conducted in Madagascar showed the 
presence of gene in a sample of chickens located around 
Antananarivo [29]. The long wings and long tarsi of chickens 
in Atsimo Andrefana may be due to the fact that these birds 
live in a wilder environment than those in Analamanga, 
hence their development. In addition, the animals probably 
have a greater capacity for jumping and flying than the 
chickens of the North. It should be recalled that the Red 
Junglefowl population, an ancestor of domestic chickens, is 
endowed with flight ability in its natural environment [20, 30]. 
 
Identification of Akoho gasy ecotypes and future studies 
Seeing the differences in live weight and body 
measurements confirmed by statistical analysis and the few 
morphological differences identified between the two 
groups of Akoho gasy, we can deduce that the two groups of 
chickens from the Analamanga and Atsimo Andrefana 
regions constitute two different ecotypes. Indeed, an ecotype 
is a variant separated by a distinct habitat (represented here 
by the two agro-ecological zones: the Hauts Plateaux Sud 
Zone and the Sud et Sud-Ouest Zone) [5], which represents 
phenotypic aspects too subtle to justify classification as a 
subspecies [31]. In Benin, the two ecotypes of the Savanna 
and the Forest chickens were differentiated by 
morphometric and phanerotic characters [10]. 
Furthermore, based also on morpho-biometric traits of 
chickens from both regions, a general similarity is observed 
between African chickens and Akoho gasy. This similarity is 
explained by the East African origin of local Malagasy 
chickens based on mitochondrial DNAs analysis [32]. 
However, phenotypic differences that are likely due to the 
evolution of these chickens during their adaptation in the 
Big Island were identified through live weight, type and size 
of the comb; and colors of eye, skin and tarsi. This leads us 
to determine further whether the Akoho gasy would be 
distinguished from African chicken populations as a distinct 
breed or not. In order to achieve there, molecular genetic 
studies preceded by large-scale morpho-biometric 
characterizations are necessary. 
 
Limitations of the study and its interpretations 
First, despite the results identified in the two groups of 
Akoho gasy, their interpretations are therefore limited to the 
number of samples taken at the study sites. Consequently, 
heterogeneous body measurements between ± 447.99g for 
live weight, ± 4.03cm for body length, ± 3.39cm for chest 
circumference, ± 4.05cm for wingspan and ± 1.27cm for 
tarsal length were still recorded. According to FAO 
guidelines, the sample size should be at least 100 hens and 
10 cocks per study area [4]. In Algeria, a larger sample size 
of 778 chickens resulted in a more homogenous weight 
between ± 17.53g in cocks and ± 10.41g in hens [3]. 
Second, our results are limited in relation to the number of 
agro-ecological zones studied to characterize Akoho gasy 
because there are, in total, ten (10) in Madagascar [5]. 
Further investigations in the unstudied agro-ecological 
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zones are necessary to identify other possible phenotypic 
characters. 
 
Conclusion 
The phenotypic characterization of the Akoho gasy across 
the two agro-ecological zones allowed the identification of 
two ecotypes characterized by their morphological diversity, 
their superiority in weight compared to some African 
chickens and their evolution from East African chickens. 
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