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A survey was conducted to study the morphological characteristics of indigenous goats in 
representative zones and districts of Amhara Region of Ethiopia as a first step towards characterization 
and designing of breeding programs. A pre-tested questionnaire was used for recording morphological 
features, body weights and linear body measurements. Both qualitative and quantitative traits were 
recorded on 158 goats randomly sampled from six goat populations and the data were analyzed using 
GenStat version 13 software. Live body weights were also associated and predicted using linear body 
measurements. Results confirmed that six distinct indigenous goat populations were identified and 
characterized in the region viz. Gumuz, Begia-Medir, Agew, Bati, Central Abergelle and Abergelle. There 
were clear morphological variations between and within these goat ecotypes in terms of body coat 
color, head profile, horn orientation, ear form and head shape. The Ethiopian goat ecotypes found in 
Amhara Region of Ethiopia could be clustered into two main groups viz. Gumuz, Agew and Begia-Medir 
cluster as one group and Bati, Abergelle and Central Abergelle as the second group. The high 
variations observed in the morphological traits suggest that these goat ecotypes have not yet been 
selected through structured selective breeding. The high correlation coefficients of heart girth with 
body weight for west (r = 0.899) and east (r = 0.832) Amhara Region goat populations demonstrated a 
strong relationship between these variables with regression equations of y = 1.273x – 61.329, R² = 0.807 
and y = 0.486 x – 5.798, R² = 0.095, respectively, which allows for predicting live weight from heart girth 
in these goats. In general, the observed morphological characteristics of the goats’ genetic resources 
in Amhara region together with the characterization at molecular level will contribute to designing of 
improvement strategies for these goat populations, which will need to be complemented with 
performance data. 
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INTRODUCTION 
 
Goats (Capra hircus) contribute significantly to the 
livelihood of resource-poor farmers in Ethiopia (Alemu, 
2004; Institute of Biodiversity Conservation, 2004; 
Sebsibe, 2006). Goats  have  a  short  reproductive  cycle  
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and hence high multiplication rate as compared to large 
ruminants, which is ideal for poverty alleviation. 
Indigenous goat populations generally dominate the goat 
flocks in Ethiopia and have developed certain valuable 
genetic traits such as ability to perform better under low 
input condition and climatic stress, tolerance to infectious 
diseases and parasites as well as heat stresses 
(Philipsson et al., 2006; Kosgey and Okeyo, 2007). 
These traits enable them to cope with the stressful nature  
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Table 1. Goat population studied in six administrative zones of the Amhara Region of Ethiopia. 
 

Sampling zone Goat ecotype Sample size Promising trait  Adaptive feature 

North Gonder Gumuz 30 Prolificacy Heat stress 

Agew-Awi Agew 30 Growth Cold stress 

South Gonder-West Gojam Begia-Medir 30 Growth Cold stress 

Oromia Bati 30 Skin quality Heat and drought stresses 

Wag-Himra Abergelle 8 Growth Heat and drought stresses 

South-North Wollo Central Abergelle 30 Prolificacy Heat and drought stresses 

 
 

 
of the vast marginal lands of the region. They are also 
hardy animals and are important reservoirs of useful 
genes. Their morphological differences have important 
socio-cultural and economic values to the Ethiopian 
communities; as a result, most farmers have specific 
consideration and choices for goat coat colors followed 
by body sizes. For instance, black coat colored goat is 
less preferred in the Amhara Region and beyond 
(personal observation). Regardless of the above 
mentioned merits, the local goat genetic resources were 
regarded as less productive, hence, subjected to 
replacement and crossbreeding with imported goat 
breeds like Boer (http://www.esgpip.org) and other goat 
breeds introduced at different periods by different 
organization. However, indiscriminate crossbreeding of 
indigenous goats can cause genetic erosion, loss of 
genetic diversity and reduction of adaptive value and 
opportunities for efficient utilization of the existing 
adapted goat genetic resources. This threat is in line with 
the FAO report (FAO, 1999), which states that animal 
genetic resources in developing countries in general, are 
being eroded through the rapid transformation of the 
agricultural system, in which the main cause of the loss of 
indigenous Animal Genetic Resources (AnGRs) is the 
indiscriminate introduction of exotic genetic resources, 
before proper characterization, utilization and 
conservation of the untapped indigenous genetic 
resources. 

Knowledge of the adapted goat genetic resources is a 
pre-requisite for designing appropriate breeding and 
utilization programs. Characterization of livestock breeds 
based on their morphological traits variations (Delgado et 
al., 2001) are the first step towards the use of the 
available AnGRs (Lanari et al., 2003). Morphometric 
measurements have been used to evaluate the 
characteristics of various breeds of animals, and could 
provide first hand information on the suitability of animals 
for selection (Nesamvuni et al., 2000; Mwacharo et al., 
2006; Martins et al., 2009; Yakubu, 2010a) and for further 
characterization studies using modern molecular 
methods. This paper compares the morphological 
features of six Ethiopian indigenous goat populations in 
Amhara Region and thus, complements the 
characterization of the same genotypes at molecular level  

published earlier (Halima et al., 2012).  
 
 
MATERIALS AND METHODS 
 
Description of the study areas and morphological traits 
measured 
 
The study areas were chosen based on previous informal and/or 
formal field surveys carried out for characterizing goat production 
systems, production and reproduction performances (Alemayehu, 
1994; Ameha, 2001; Derebe, 2008). Agew-Awi, South Gonder-
West Gojam, North Gonder, Wag-Himra, South-North Wollo and 
Oromia administrative zones of the Amhara Region were selected 
(for more information on site selection see Halima et al., 2012). The 
goat populations in these zones are traditionally recognized by 
ethnic and/or geographic nomenclatures (Table 1); they were 
sampled in areas where each genotype is predominantly found 
following the guidelines by Ayalew and Rowlands (2004). 

Quantitative (body weight, height at withers, body length, heart 
girth, ear length, rump width and sacral pelvic width) and qualitative 
traits (coat color and pattern, head profile, head shape, ear form, 
horn orientation and hair type) were documented using a semi-
structured questionnaire along with visual appraisal of the 
appearance of the goat types and measurements following the 
descriptor lists of the Food and Agriculture Organization of the 
United Nations (FAO, 1986). Besides, focus group discussions 
were held with livestock keepers and knowledgeable key informants 
for generating general information regarding the history of the 
various goat types, special distinguished features of the targeted 
goats, production systems, and knowledge on the husbandry 
practices, challenges and opportunities of indigenous goats. As 
farmers did not have birth record of their animals, age of each 
sampled goat was estimated from dentition as suggested by Pace 
and Wakeman (2003). For each goat population, 30 individual 
goats (except for Abergelle goats, n = 8) from different villages and 
flocks (one to three animals per flock) across the different districts 
were sampled and the morphological measurements were collected 
from adult female goats having three to four pairs of permanent 
incisors.  

 
 
Statistical analyses 

 
The data collected from the quantitative and qualitative variables 
were analyzed with General Linear Model (GLM) procedures of the 
GenStat version 13 software (Payne et al., 2010). The qualitative 
variables were computed using GenStat software. Hierarchical 
cluster analysis was performed using quantitative variables and 
dendrogram was constructed based on Euclidean distance between 
goat populations using unweighted pair-group method to  group  the 
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goat populations into their morphological similarity, which was 
analyzed on GenStat software. After cluster analysis, Pearson 
correlation coefficient (r) values for the two goat populations (west 
and east Amhara Region goats’ populations) were also computed 
using same software to assess the relationship between body 
measurement traits. In addition, regression analyses in GenStat of 
GLM were used to predict body weights of the two goat populations 
from heart girth and body length measurement traits.  

 
 
RESULTS AND DISCUSSION 
 
Phenotypic characterization  
 
The physical body characteristics for the six Ethiopian 
goat populations obtained in the present study are 
presented in Tables 2, 3 and Figure 1. The results show 
the presence of clear morphological variations between 
and within these indigenous goat ecotypes. The most 
frequent coat color was white with spots (20.7%), 
followed by brown with patch (17.5 %) and brown 
(15.4%) (Table 2). In general, black coats with or without 
spots or patches were less frequent than brown or white 
ones. There were different coat color types in Ethiopian 
goat populations in which black with spot (26.7%), brown 
with patch, brown and black with spots (25%) and brown 
were found more frequently in Gumuz, Abergelle and 
Central Abergelle goats, respectively, than other goat 
ecotypes.  

There were varied coloration patterns amongst the goat 
populations sampled with predominantly spotted (36.1 %) 
followed by patchy (32.4 %) and plain (30.4 %) of various 
colors (Table 2, 3). Similar coat pattern and color as in 
the studied goat populations were reported for indigenous 
goat types from other regions in Ethiopia (Alemayehu, 
1994; Farm-Africa, 1996; Ameha, 2001) and for other 
local goat breeds elsewhere in Africa (Yakubu et al., 
2010b). However, in some administrative zones of the 
study area, there were distinct colorations (Figure 1) in 
which inter se mating could lead to formation of specific 
ecotypes that agrees with the findings of Banerjee et al. 
(2000) who observed that coloration could be an adaptive 
trait or selected through farmers’ preference for a specific 
coat color (Molefe, 1986; Indetie et al., 1998; Manzi et al., 
2011). In Ethiopia, goat coat color has a direct effect on 
goat marketing value. Due to cultural taboo, for instance, 
goat with full black coat color is not preferred for 
slaughtering for home meat consumption (personal 
observation). Black colored animals including goats, 
however, are believed to have superior adaptation to 
seasonal cold weather or cold nights as the dark pigment 
helps them to warm up earlier than goats with other coat 
colors (Robertshaw, 2006).  

Variations between and within goat ecotypes were also 
observed in head profile, horn orientation, ear form and 
head shape. Most of the goat ecotypes in Amhara Region 
of Ethiopia have slightly concave head  profile,  horizontal  

 
 
 
 
ear form, spiral horn shape and upward horn orientation. 
For instance, nearly 87% of the Agew and Abergelle goat 
ecotypes had straight and slightly concave head profile, 
respectively. Also, more than 80% of the Bati goats have 
a straight horn shape (Table 3). Nearly 6% of the studied 
goats were polled in which the presence of horns in 
animals is considered as an advantage for the drainage 
of blood through the cavernous sinus as a con-trol 
mechanism for thermal homeostasis (Robertshaw, 2006) 
as well as for better reproductive performances (Hasan 
and Shaker, 1990; Al-Ghalban et al., 2004; Kridli et al., 
2005). More than 50% of the Gumuz and Agew goats 
had beard, while other goat populations had less than 
that, which is in line with other findings (Manzi et al., 
2011).  

All goats had smooth and short hair type with the 
absence of long hair on their thighs and abdomen. The 
Bati goats do not have wattle/toggles, while all other goat 
populations had tog-gles with varying proportions and 
percentages, which are in line with findings by Manzi et 
al. (2011), which was studied on Rwanda goat 
populations found in Bugesera and Nyagatare districts. 
Toggles are more commonly found in dairy and pygmy 
goat types (http://www.dairygoatjournal.com) and 
Spanish goats (Rodero et al., 1996). Such similar results 
were also reported in the literature (Odubote, 1994; 
Adedeji et al., 2006; Oseni et al., 2006) regarding 
morphological trait variations in small ruminants.  

Average body weight of adult goats varied significantly 
(P<0.001) among the goat populations. The Gumuz goat 
(34.7 kg) population was significantly heavier than 
Central Abergelle (27.9 kg) and Abergelle goat (28.1kg) 
ecotypes with an overall mean of 31.14 kg (Table 4). 
There were also significant (p<0.001) variations in linear 
body measurements among the goat populations: the 
Begia-Medir goat with an average height of 71 cm at 
withers was significantly taller than all other goat 
ecotypes, while Gumuz goats were the shortest with 65 
cm height at withers. According to Peters and Horst 
(1981), body size is a suitable criterion for classification 
since it gives clues to potential performance. Devendra 
and Burns (1983) have classified tropical goats based on 
body size: large (>65 cm at the withers), small (51 to 65 
cm) and dwarf (<50 cm). 

The heart girth of Gumuz, Agew and Begia-Medir was 
significantly (p<0.001) larger than that of Bati, Abergelle 
and Central Abergelle goat ecotypes. Abergelle goats 
had shorter ears than all other goat genotypes.  
 
 
Population structure analysis  
 

The hierarchical cluster analysis generated a 
phylogenetic tree that clustered the six goat populations 
of Amhara Region into two main groups (namely, east 
and  west  Amhara  Region  goat  populations)  that  were  
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Table 2. Mean observed (%) values for body coat color in Ethiopian indigenous goats.  
 

Coat color 
Goat ecotype 

Overall mean 
Gumuz Agew Begia-Medir Bati Central Abergelle Abergelle 

Black  - 6.60 - - 10.00 - 8.30 

Brown 3.33 6.67 10.00 33.33 26.67 12.50 15.42 

White 16.67 10.00 16.67 13.33 6.67 - 12.67 

White with spot 23.33 26.67 40.00 6.67 6.67 - 20.67 

White with patch 10.00 16.67 10.00 20.00 13.33 12.50 13.75 

Brown with patch 13.33 20.00 10.00 16.67 20.00 25.00 17.50 

Brown with spot 6.67 6.67 13.33 6.67 6.67 25.00 10.83 

Black with spot 26.67 3.33 - 3.33 3.33 25.00 12.33 

Black with patch - 3.33 - - 6.67 - 5.00 

 
 
 
Table 3. Mean observed (%) values for qualitative traits in Ethiopian indigenous goats.  

 

Morphology Trait 

Goat ecotype  

Overall 

Mean 
Gumuz Agew Begia-Medir Bati Abergelle 

Central 
Abergelle 

Coat pattern 

Plain 23.33 23.33 33.33 46.67 12.50 43.33 30.42 

Patchy 16.67 40.00 23.33 36.67 37.50 40.00 32.36 

Spot 53.33 36.67 43.33 16.67 50.00 16.67 36.11 

         

 Head profile 

Straight 66.67 13.33 46.67 26.67 12.50 16.67 30.42 

Slight convex - - - 3.33 - - 3.33 

Slight concave 33.33 86.67 53.33 36.67 87.50 60.00 59.58 

Concave - - - 33.33 - 23.33 9.44 

         

 Ear form 

Erect - - - - 87.50 3.33 15.14 

Horizontal 96.67 96.67 86.67 100.00 12.50 96.67 81.53 

Pendulous - 3.33 13.33 - - - 2.78 

         

 Horn shape  

Polled 3.33 23.33 6.67 - - - 5.56 

Straight 30.00 20.00 16.67 80.00 - 13.33 26.67 

Curved 46.67 10.00 46.67 - 25.00 36.67 27.50 

         

 

Horn orientation 

Spiral 20.00 46.67 30.00 20.00 75.00 50.00 40.28 

Upward 36.67 56.67 36.67 93.33 37.50 33.33 49.03 

Backward 60.00 20.00 56.67 6.67 62.50 66.67 45.42 

Polled 3.33 23.33 6.67 - - - 5.56 

         

Hair type Short 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Hair on thigh 13.33 - 13.33 - - - 4.44 

Hair on abdomen 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

Presence of wattle/toggles 20.00 26.67 13.33 - 37.50 3.33 16.81 

Presence of beard 56.67 53.33 23.33 33.33 12.50 16.67 32.64 

 
 
 
consistent with their geographical origins. The first group 
included goat populations from west Amhara Region, that 

is, Gumuz, Agew and Begia-Medir, while the second 
group comprised goats from east Amhara Region, that is,  



 
13842          Afr. J. Biotechnol. 
 
 
 

 

 
 
Figure 1. Physical variations in Ethiopian indigenous goat ecotypes. 

 
 
 

Bati, Abergelle and Central Abergelle goats. Further sub-
divisions in each of the main clusters showed that Agew 
and Begia-Medir were more closer to each other than to 
Gumuz goats and the same was true for Bati and 
Abergelle as compared to Central Abergelle goats 
(Figure 2). 

The clustering of the goat populations using 
morphological data did not match with the phylogenetic 
tree constructed based on the molecular data which was 
obtained from the same goat individuals and populations 
(Halima et al., 2012). Molecular data clustered the six 
goat populations into two groups: the Abregelle goats in 
one main group and the Agew, Gumuz, Bati, Begia-Medir 
and Central Abergelle goats in the second group. Such 
differences might have occurred due to the fact that 
indigenous animal genetic resources characterization 
using morphological data is more sensitive to 
environmental factors together with human errors, while 
molecular characterization using microsatellite markers 
have the ability to detect species-specific bands and are 
more informative for establishing the detailed 
relationships between goat ecotypes and potentially 
powerful enough for distinguishing between closely 
related sheep breeds (Buduram, 2004; Gizaw, 2008). 
Furthermore, there is an extensive and random 
distribution of indigenous livestock populations including 
goats from one administrative zone to another by both 

governmental and non-governmental organizations that 
could lead to the reduction of the existing goat genetic 
resources. These propose that the classifications of 
animal genetic resources based on historical, 
anthropological and morphological evidences (Ali, 2003) 
as well as their geographical origin are not satisfactory 
and enough for the purpose of conservation and 
utilization of these resources. 
 
 
Relationship between body weight and other body 
measurements  
 
The correlation coefficient analyses were carried out in 
the present study to figure out and establish the 
relationship between live body weights with other body 
measurement traits of two goat populations found in 
Amhara Region of Ethiopia (Table 5). Accordingly, 
correlation coefficients (r) between live weight and 
other body measurement traits were found positive 
with the presence of highly significant (P<0.01) 
associations of body weight with heart girth (r= 0.899) 
and body weight with body length (r= 0.729) for west 
Amhara Region goat populations’ (Gumuz, Begia-
Medir and Agew goat ecotypes). Moreover, a highly 
significant r -values were also obtained for the east 
Amhara Region  goat  populations  (Bati, Abergelle and

     
Gumuz goats

 

 
Agew goats Begia-Medir goats

Bati goatsAbergelle goats Central Abergelle goats
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Table 4. Descriptive statistics for live body weight and other body measurements for Ethiopian indigenous goats.  
 

Variables 

Goat ecotypes  

Overall 

Mean 
Gumuz Agew 

Begia-
Medir 

Bati Abergelle 
Central 

Abergelle 

Body weight (kg) 

Mean 34.65
a
 31.47

ab
 32.54

ab
 29.87

bc
 28.07

c
 27.88

c
 31.14 

Min 25 22 23 23 25 21 21 

Max 47 41 50 38 31 34 50 

SE 0.95 0.83 1.14 0.77 0.79 0.63 0.41 
         

Height at wither 

(cm) 

Mean 65.09
c
 67.4

b
 71.35

a
 66.36

bc
 67.19

bc
 68.07

b
 67.63 

Min 61 60 66 59 63 63 59 

Max 69 73 79 71 76 77 79 

SE 0.47 0.60 0.63 0.49 1.47 0.52 0.29 
         

Body length (cm) 

Mean 63.69
ab

 63.52
ab

 64.35
a
 61.78

b
 61.38

b
 63.15

ab
 63.20 

Min 57 56 57 55 59 57 55 

Max 70 74 72 69 63 70 74 

SE 0.65 0.74 0.70 0.63 0.51 0.59 0.29 
         

Heart girth (cm) 

Mean 75.03
a
 73.00

a
 73.93

a
 70.02

b
 70.56

b
 70.53

b
 72.4 

Min 67 67 66 64 67 66 64 

Max 87 80 84 76 75 80 87 

SE 0.77 0.58 0.74 0.56 0.93 0.66 0.32 

Rump width (cm) 

Mean 14.23
a
 13.93

ab
 14.25

a
 13.57

bc
 13.13

cd
 12.79

d
 13.65 

Min 12.5 12.5 13 12 12.5 11.5 11.5 

Max 16.5 16 16 15 14 14 16.5 

SE 0.15 0.15 0.17 0.16 0.18 0.14 0.08 

         

Sacral pelvic 

width (cm) 

Mean 9.66
a
 9.79

a
 9.54

a
 7.70

c
 8.4

b
 7.99

bc
 8.85 

Min 8 9 8 7 8 7 7 

Max 13 12 16 9 10 11 16 

SE 0.16 0.16 0.28 0.10 0.32 0.20 0.12 

         

Ear length (cm) 

Mean 13.23
a
 13.79

a
 14.44

a
 13.72

a
 11.19

b
 13.86

a
 13.67 

Min 12 11 13 10 9 13 9 

Max 16 16 16 16 14 16 16 

SE 0.54 0.44 0.16 0.31 0.62 0.14 0.16 
 

Values with different superscript letters differ significant at p<0.001, SD, standard deviation; SE, standard error; Min, minimum; Max, maximum. 
 
 
 

Central Abregelle goats) as indicated in Table 5. The 
present high correlations between heart girth and live 
body weight show that the body weight of goats can be 
predicted from heart girth measurements of goats, which 
is in agreement with other finds (Slippers et al., 2000; 
Fajemilehin and Salako, 2008; Sowande et al., 2010; 
Cam et al., 2010). 

Results of the linear regression analyses of body weight 
with heart girth showed a moderately high relationship 
between these variables with a coefficient of 
determination values of R² = 0.807; y = 1.273x – 61.329 
and R² = 0.095; y = 0.486x - 5.799 for the west (Table 5 

Figure 3) and east (Figure 4) Amhara Region goat 
ecotypes, respectively. The regression between body 
weight and body length was also significant (R² = 0.532; y 
= 1.041x – 33.644) (Figure 3). These findings indicate 
that an increase of one cm of heart girth or body length 
resulted in an increase of 1.273 and 1.041 kg of live 
weight, respectively, which is in line with findings on goats 
elsewhere (Oztork et al., 1994; Nsoso et al., 2003; Atta 
and El Khidir, 2004). The high and significant corre-lation 
coefficient between body weight with heart girth and body 
length suggest that either of these variables or their   
combination    would    provide   a    good    estimator   for 
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Figure 2. Dendrogram based on average linkage distance between adult goats using quantitative body 
measurement traits

 
 
 

Table 5. Pearson’s correlation coefficient values among body morphological traits measured in west Amhara (Gumuz, Agew and 
Begia-Medir: below diagonal) and east Amhara Region goat populations (Bati, Abergelle and Central Abergelle: above diagonal).  
 

Variable Body weight Body length Heart girth 
Sacral pelvic 

width 
Rump 
width 

Ear 
length 

Body weight ××× 0.538** 0.823** 0.292** 0.748** 0.214** 

Body length 0.729** ××× 0.607** 0.284** 0.366** 0.240 

Heart girth 0.899** 0.627** ××× 0.189** 0.567** 0.087** 

Sacral pelvic width 0.298** 0.173** 0.281** ××× 0.257** 0.251** 

Rump width 0.684** 0.579** 0.659** 0.201** ××× 0.125** 

Ear length 0.017
ns

 0.048
ns

 0.045
ns

 -0.002
ns

 -0.052
ns

 ××× 
 

** = P<0.01, ns non significant. 
 
 
 
predicting live body weight in Ethiopian goat ecotypes, 
especially in areas where weighing scale is not available. 
Moreover, such relatively high relationship of heart girth 
with weight could be used as a proxy to estimate live 
body weight for indigenous goats for coun-tries like 
Ethiopia where formal breed data recording schemes are 
not well established. In general, such assessment of 
body measurements in goats remains very important for 
avoiding   the   errors  of  visual  determination  of  animal 
weights  in   areas   where   weighing  balance  cannot be  

assessed. 
In conclusion, both morphological and molecular 

markers show a high degree of variation among and 
within the Ethiopian goat populations analyzed. 
Dendrograms constructed from morphological and 
molecular data separated the six Ethiopian goat 
populations into two main groups with differences in each 
cluster group. The contrast in the clusters derived from 
morphological and molecular data clearly shows that 
genetic   relatedness   cannot   be   easily   derived   from  

0.5

Bati

Central Abergelle

Begia-Medir

Agew

Abergelle

1.0 0.9

Gumuz

0.8 0.7 0.6
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Figure 3. Prediction of west Amhara Region goat populations (Gumuz, Agew and Begia-Medir) live body weight using heart 
girth and body length measurements. 

 
 
 

 
 
Figure 4. Prediction of east Amhara Region goat populations (Bati, Abergelle and Central Abergelle) live body weight using heart girth 

and body length measurements. 
 
 
 
phenotypic similarity. However, a small genetic 
distancebetween genotypes may still be linked to an 
important productive or adaptive trait. Thus, it would be 
useful to include performance data into characterization 
studies to understand which genotypes have comparative 
advantages within an agro-ecological zone. 
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