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ABSTRACT: Fifteen morphometric measurements and eighteen qualitative traits were recorded on 323
randomly sampled adult donkeys (123 jacks and 200 jennets) to meet an objective of characterizing a
heterogeneous donkey population of three phenotypic types (Sinnar, the locals and their crosses) found in
Benishangul Gumuz region of Ethiopia. The General Linear Model and non-parametric test (chi-square)
procedures of SAS software were used for the analysis of the morphometric data and qualitative traits,
respectively. Means were separated using the Tukey-Kramer test. The studied morphometric measurements
were significantly affected by the phenotypic type and partially affected by sex and sample location /district.
Sinnar donkeys were significantly bigger and heavier than the local and the crosses. However, for some of the
morphometric measurements no significance difference was observed between Sinnar and crosses implying
the presence of heterosis. Heart girth measurements for Sinnar, local and crosses were 110.61+0.436,
106.18+0.448 and 108.87+1.251, respectively. Body weight estimates of 127.26+1.277, 113.40+1.312 and
121.13+ 3.665 kg were obtained for Sinnar, the local and the crosses. There was sexual size dimorphism and
depending on the type of morphometric trait either jacks or jennets show significantly (P<0.05) higher values
as compared to the opposite sex. Jacks had wider chest (22.61 vs 22.09 cm.), thicker (24.40 vs 23.24 cm.),
and longer cannon bone (31.00 vs 31.32 cm) than jennets, while the jennets possess wider hip (33.00 vs
31.69 cm.) and longer body (90.49 vs 88.52 cm.), back (67.37 vs 66.17), ear (24.42 vs 23.90 cm) and heavier
estimated weight (122.47 vs 118.71 kg) than the jacks. Limited location effect was recorded showing
donkeys from Guba district were comparatively the largest. Majority of the studied donkeys possess white
abdominal color, unpigmented hoof and muzzle, short and medium hair size, plain body color pattern with
long dorsal stripe without leg stripe, straight face and sloppy rump profile, medium tail length and thickness at
the base of the tail. Qualitative differences (P<0.05) were also observed among the class categories. Further
molecular level studies could supplement the current study and provide more refined classification of the
various genotypes in the studied area. Similarly, characterization of the local donkeys found in other parts of
the region and the Abyssinian donkeys in the adjoining areas is required.
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INTRODUCTION

Ethiopia is endowed with diverse domestic, aquatic and wild animal genetic resources. The diverse ecology Ethiopia has
and its position as a route of entry to domestic animals from Asia to Africa has resulted in the presence of diverse animal
genetic resources. Despite the presence of the resources adequate characterization work is lacking and the information
on the state of the animal genetic resources is incomplete to support sustainable utilization and conservation of the
resources (EBI, 2016). This is more so for the equine genetic resources of the country.

Donkeys, like other livestock species, have an important place in rural and urban communities in Ethiopia. Even if
donkeys have not been serving as a food source to humans in Ethiopia due to religious and cultural taboos, they make
significant economic contribution in all the regions. Donkeys specifically are important for transport of goods in urban,
peri-urban and rural areas. In the latter case they also serve in transporting humans, threshing cereal crops and plowing
of land pairing with oxen.

The donkey (Equus asinus) is indigenous to the African continent and its wild progenitor is usually considered to be
the Nubian wild ass (Blench, 2000). Ethiopia possesses the largest donkey population in the world with 8,439,220
donkeys (CSA, 2017; FAO, 2015). Even if, donkey is the least studied species in the country, previously four types of
donkeys were recoghized; namely Jimma, Abyssinian, Ogaden and Sinnar based on their phenotypic and physical
characteristics like average size and coat colour (Befikadu et al., 2015). However, more recent nationwide study identified
six distinct domestic donkey populations namely Abyssinian, Afar, Hararghe, Ogaden, Omo and Sinnar (Kefena 2012,
Kefena 2014; EBI 2016). The same study showed that, most of the variations in the parameters of morphological
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characteristics vary with eco-geographical patterns and biophysical resources. Therefore, other morphometric variables
and corporal indices need to be further incorporated and used to fully characterize and describe donkey populations in
Ethiopia (Befikadu et al., 2015). Like all the other regions found within the country, Benishangul Gumuz region possess
different donkey phenotypes and their crosses including the country’s largest donkey type (Sinnar). Hence this study was
aimed at revealing the phenotypic characteristics (qualitative and quantitative parameters) of the different donkey breeds
found in the region to be used as input for a further conservation and sustainable utilization of the resources

MATERIALS AND METHODS

Description of the study areas

The study was conducted in Benishangul Gumuz Regional State. Benishangul Gumuz Regional State is one of the
nine regional states which is located in the western part of Ethiopia between longitude 34° 10’N and 37° 40’E; and
latitude 09° 17'N and 12° 06’ N. It shares border with Amhara Region in the north and north east, South Sudan in the
west, Gambella Region in the south, Oromia Region in the south east. The total area of the Region is approximately
50,380 square kilometers with altitude ranging from 580 to 2731 meters above sea level. About 75% of the Region is
low land, 24% is semi-high land and 1% is high land. The capital city of the Region is Asossa, located at a distance of 659
kms west of Addis Ababa (Chekol and Getnet, 2010).
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Figure 1 - Map of the study areas

Sampling technique and sample size

The studied animals (adult donkeys for phenotypic characterization; morphometric and qualitative records) were
sampled randomly from five districts (Guba, Menge, Wenbera, Sirba Abay and Kurmuk) within the region. Heterogeneous
donkey populations of three phenotypic types (Sinnar, the local donkey and their crossbreds) were used for the qualitative
records and morphometric measurements. A total of 323 full-mouthed adult donkeys (123 jacks and 200 jennets)
composed of 157 Sinnar, 148 local and 18 crossbred donkeys were measured for linear and circular morphometric traits
and described for the qualitative traits.

Measurement and data collection

The sample size determination and identification of traits for morphometric measurements and qualitative
description were based on FAO guideline (FAO, 2012). Fifteen quantitative/ morphometric measurements (Heart girth,
Height at wither, Height at back, Height at rump, Body length, Back length, Neck length, Head length, Canon bone length,
Fore leg length, Hip width, Chest width, Chest depth, Canon circumference and Ear length) and 18 qualitative
characteristics (coat hair size, body color pattern, body (coat) color, abdominal color, head color, ear tip color, tail switch
color, hoof color, and muzzle color, ear shape, dorsal stripe, leg stripe, shoulder stripe, face profile, back profile, rump
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profile, tail length and thickness at the base of the tail) were recorded from each individual.

Donkeys were carefully handled by trained laborers and made to stand squarely on flat grounds. Morphometric
measurements and qualitative data recording were made by separate individuals. According to a study by Kostukova
(2015), who reported that the growth of donkeys terminates after the age of 5 years and all donkeys in the study were
past this age. Body weight was estimated from the above measurements by the formula from Pearson and Ouassat
(2000).

Live weight (kg) = (heart girth [cm] 2.12) x (body length [cm] 0.688)/3801

Table 1 - Sampled number of animals by sex and by breed and proportion of each breeds.

Breed /genotype Jacks Jennets Total Proportion
Sinnar 57 100 157 0.48
Local 58 20 148 0.46
Crosses 8 10 18 0.06
Total 123 200 323 1.00
Proportion 0.38 0.62 1.00 -

Statistical analysis

Data entry and management were done using Microsoft Excel. Analysis of data on quantitative measurements was
carried out using the GLM procedure of SAS 9.0 software. Means were compared using Tukey-Kramer (SAS, 2002).
Similarly, analysis of qualitative traits was carried out using the non-parametric test (chi-square) procedure of SAS 9.0
software. The model used for the analysis of quantitative data: Yijk = y + Ai + Bj +Ck + eijk, where Yijk is an observation, py
is the overall mean, Ai is the fixed effect of sex, Bj is the fixed effect of the breed group, Ck is the fixed effect of district
and eijk is the random error attributed to the nth observation. Interaction effects were found to be non-significant in most
cases and were removed from the analysis model.

RESULTS

Morphometric measurements

The overall mean, standard error (SE), minimum and maximum value, and coefficients of variation (CV) of the
collected morphometric measurements are presented in table 2. For all morphometric traits measured the coefficient of
variation was within the range of 5.11 and 8.27%. Relatively higher coefficient of variation (13.11%) was calculated for
estimated body weight implying higher variation in terms of body weight. The difference between the minimum and
maximum value is sizeable in most cases. A range of 40 cm for height at wither, 37 cm for body length, and a range of
about 104 kg for body weight were observed.

Table 2 - Overall least square mean , SE, CV, Minimum and Maximum of body measurements of the donkey

populations in Benishangul Gumuz region.

Traits Overall Mean + SE Minimum Maximum CV (%)
Hearth girth (cm) 108.7 £ 0.31 93.0 128.0 5.18
Height at wither (cm) 100.2 +.030 79.0 119.0 5.31
Height at back (cm) 102.0 £ 0.31 89.0 122.0 5.41
Height at rump (cm) 102.3 + 0.30 90.0 121.0 5.22
Body length (cm) 89.9 £ 0.30 68.0 105.0 6.00
Back length (cm) 67.3+0.24 57.0 86.0 6.34
Neck length (cm) 49.2 + 0.23 38.0 60.0 8.27
Head length (cm) 429 +0.12 36.0 50.0 5.11
Canon bone length (cm) 314 +0.12 26.0 39.0 6.92
Fore leg length (cm) 68.3 £ 0.26 54.0 86.0 6.92
Hip width (cm) 326 £0.11 27.0 40.0 6.60
Chest width (cm) 22.3+£0.09 18.0 29.0 7.63
Chest depth (cm) 49.1 + 0.15 42.0 59.0 5.65
Canon circumference (cm) 23.7 £ 0.09 20.0 29.0 6.70
Ear length (cm) 23.9 £ 0.10 19.0 28.0 7.27
Body weight (kg) 121.2 £ 0.93 778 181.6 13.82

SE=Standard error, SD=Standard deviation, CV=Coefficient of variation and cm=Centimeter.
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Table 3 - Least square means (cm) and pairwise comparison of body measurements with standard error in each

breeds/populations: 1) jakes.

Breed groups/ phenotypic types

Traits Sinnar Local Cross p value
N 57 58 8

Heart girth 110.4+0.722 104.9+0.71° 107.9+1.892ab g
Height at wither 104.0+0.612 96.5+0.60° 101.4+1.602 g
Height at back 106.5+0.652 98.8+0.64" 103.1+1.702 g
Height at rump 106.2+0.672 98.9+0.66" 102.3+1.742b g
Body length 90.9+0.702 86.2+0.69° 86.9+1.8220 g
Back length 67.9+0.522 64.7+0.51° 65.9+1.362° g
Neck length 50.4+0.532 46.9+0.53 50.1+1.39320 g
Head length 43.9+0.272 42.2+0.26 43.7+0.692° g
Canon bone length 33.0+0.302 30.8+0.30° 32.31£0.78% LI
Fore leg length 70.7+£0.592 66.4+0.58° 68.1+1.5542 LI
Hip width 32.0+0.26 31.41+0.26 31.0+0.68 NS
Chest width 23.0+0.212 22.1+0.20° 22.0+£0.53%> CIE3
Chest depth 50.1+0.332 47.2+0.33° 49.910.86° LI
Canon circumference 24.8+0.212 23.9+0.20° 24.610.542° *
Ear length 24.0+0.252 22.9+0.24> 25.8+0.642 ik
Body weight 126.3+2.142 108.9+2.10° 116.415.572° ok

N= Number of observations, *p<0.05, **p<0.01, ***p<0.0001, NS=Not Significant

In jacks, with the exception of hip width, donkey phenotypic type had a significant (P<0.01) effect on the measured
traits and it is indicated that almost all body measurements were highest for Sinnar jacks (Table 3) followed by the
crossbred type. In almost all cases the difference between the Sinnar and the crossbred jacks is not significant while the
difference between the Sinnar and the local is significant in all cases.

The difference between the local and the crosses reached significance level only for height at wither and at back,
chest depth and ear length. The Sinnar and crossbred jacks have larger chest depth and taller height at withers than the
local jacks. Positive heterosis of more than one percent was calculated for height at withers, neck length, head length,
canon bone length, chest depth and ear length. The highest heterosis of close to ten per cent was observed for ear length.

In jennets, significant (P<0.05) difference was observed between phenotypic types for all morphometric traits (Table
4). In all cases Sinnar jennets along with the crosses have significantly higher values than the local donkeys. No
significant difference was observed between Sinnar jennets and the crossbreds. Despite the fact that the crosses would of
various types (F1, F2, F3, back cross etc.) and blood levels heterosis of more than one per cent was calculated for body
length, fore leg length, hip width, chest width, chest depth, ear length and body weight of jennets.

Table 4 - Least square means (cm) and pairwise comparison of body measurements with standard error in each

breeds/populations: 2) jennets.

Breed groups/ phenotypic types

Traits - p value
Sinnar Local Cross
N 100 90 10
Heart girth 110.840.532 107.1+0.56P 109.8+1.662> TLE
Height at wither 102.6+0.62 97.4+0.49b 100.7+1.43ab EIRIES
Height at back 104.31£0.462 98.91£0.49> 101.3+£1.43ab *kk
Height at rump 104.7+0.442 99.61£0.47" 102.4+1.393b *kk
Body length 92.4+0.502 89.7+0.53b 92.0+1.562p e
Back length 69.0+0.422 66.8+0.45b 66.2+1.32ab S
Neck length 50.7+0.392 48.610.42v 48.9+1.22ab 8353
Head length 43.7+0.202 41.84£0.21> 43.2+0.62ab *kk
Canon bone length 32.110.182 30.4+0.200 31.410.582b WL
Fore leg length 70.1+0.422 66.8+0.45b 69.2+1.33a *kk
Hip width 33.610.212 32.5+0.23v 33.41£0.6720 L3
Chest width 22.6+0.172 21.6+£0.19° 22.6+0.54ab *&
Chest depth 50.2+0.262 48.210.280 50.1+0.82ab *kk
Canon circumference 23.610.152 23.0+0.16" 22.910.472b &
Ear length 24.6+0.162 23.7£0.17" 24.4+0.502b =
Body weight 128.6+1.542 117.1+1.64> 125.5+4.83a0 I

N= number of observations, *p<0.05, **p<0.01, ***p<0.0001, NS=Not Significant
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The combined data analysis has revealed that there is significant difference between the phenotypic types for all
traits and Sinnar donkeys were superior in all cases but the differences between Sinnar and the crosses in some cases
was not significant (Table 5). Sinnar donkeys and their crosses have significantly higher (P<0.05) chest depth, ear length,
canon bone length and height at withers. The three types were significantly different from each other for height at back
and rump. Positive heterosis as calculated from the combined data was found to be more than one per cent for head
length, canon bone length, chest depth and ear length. The highest (4.22%) was calculated for ear length.

Comparison of jacks and jennets have shown that for some of the morphometric variables there is sexual size
dimorphism where either the jack or jennet could show higher values as compared to the other sex (Table 6). Jacks have
shown significantly (P<0.05) higher values for height at back, cannon bone length, chest width and cannon bone
circumference while jennets have significantly higher values for body length, back length, hip width, ear length and body
weight. There was no significant (P>0.05) difference between the sexes for heart girth, height at withers, height at rump,
neck length, head length, fore leg length and chest depth.

The donkeys were sampled from five locations /districts to consider if there are environmental differences; however,
location effects were limited to few of the recorded traits. Body length, back length, neck length, head length, fore leg
length and ear length are the traits which have shown significant (P<0.05) fluctuations as the sampling location /district
differs. Based on this, foreleg length of donkeys from Wenbera district and head length of donkeys from Sirba Abay
district were the shortest among the donkey populations from the other districts. More or less, the results show
measurements of donkey populations from Guba district were comparably the largest showing above mean
performances.

Table 5 - Least square means (cm) and pairwise comparison of body measurements with standard error in each

breeds/populations: 3) all sexes.

Breed groups/ phenotypic types

Traits Sinnar Local Cross p value
N 157 148 18

Heart girth 110.6 + 0.44> 106.2 + 0.45b 108.9 + 1.25ab B
Height at wither 103.2 + 0.372 97.1 + 0.38P 101.0 £ 1.072 LS
Height at back 105.3 + 0.382 98.9 + 0.39¢ 102.2 + 1.10°v B
Height at rump 105.3 + 0.382 99.4 + 0.39¢ 102.4 + 1.09v WL
Body length 915+ 0.412 88.0 + 0.43p 89.7 + 1.193b B
Back length 68.5 + 0.332 65.9 £ 0.34> 65.9 + 0.96° WL
Neck length 50.5 + 0.322 47.8 + 0.33p 49.4 + 0.913ab LIS
Head length 43.9 + 0.162 42.0 + 0.16° 43.5 + 0.462 gk
Canon bone length 32.5+0.162 30.6 £ 0.17b 319+ 0472 L
Fore leg length 70.3 £ 0.352 66.7 + 0.36P 68.8 * 1.04ab gk
Hip width 328 +0.172 31.9+0.47° 32.3 £ 0.4820 B
Chest width 22.8 £ 0.142 21.9 £ 0.14b 22.4 1+ 0.392b WL
Chest depth 50.2 + 0.212 47.8 £ 0.22b 50.0 + 0.602 LIS
Canon circumference 24.2 +0.122 23.5 £ 0.13° 23.7 £ 0.352b eI
Ear length 24.3 + 0.142 23.4 £ 0.14b 24.8 + 0.392 WL
Body weight 127.3 + 1.282 113.4 + 1.31b 121.1 + 3.673b LIS

N= Number of observations, *p<0.05, **p<0.01, ***p<0.0001

Table 6 - Least square means and pairwise comparison of body measurements with standard error in each sexes.

Sex

Body variables Jacks Jennets p value
N 123 200

Heart girth 108.2+0.59 108.9+0.53 NS
Height at wither 100.7+0.51 100.1+0.46 NS
Height at back 102.91£0.52 101.410.47 e
Height at rump 102.71£0.51 102.1+0.46 NS
Body length 88.510.56 90.910.51 WL
Back length 66.2+0.45 67.4+0.41 *%
Neck length 48.9+0.43 49.6+0.39 NS
Head length 43.3+£0.22 42.9+0.20 NS
Canon bone length 32.0+0.22 31.310.20 e3e
Fore leg length 68.71£0.48 68.510.43 NS
Hip width 31.7+0.23 33.0+£0.21 *kk
Chest width 22.6+0.18 22.1+0.17 *%
Chest depth 49.2+0.28 49.5+0.26 NS
Canon circumference 24.4+0.17 23.2+0.15 LIS
Ear length 23.9+0.19 24.4+0.17 e3e
Body weight 118.7+1.73 122.5+1.56 *

N= Number of observations, *p<0.05, **p<0.01, ***p<0.0001, NS=Not Significant
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Table 7 - Least square means (cm) and pairwise comparison of body measurements with standard error in each

districts.

Sampled Location /District

L) Guba Menge Wenbera Sirba Abay Kurmuk (VA
N 58 84 89 59 33

Heart girth 108.7+0.81 108.8+0.64 108.5+0.68 109.7+0.77 107.1+0.97 NS
Height at wither 100.2+0.69 100.4+0.55 99.9+0.58 101.8+0.66 99.8+0.83 NS
Height at back 101.9+0.71 101.7+0.56 101.9+0.59 102.8+0.68 102.4+0.86 NS
Height at rump 102.7+0.70 102.1+0.56 101.8+0.59 103.1+0.67 102.1+0.85 NS
Body length 89.0+0.772b 89.8+0.6132b 88.5+0.64b 91.3+0.732 90.0+0.932b &
Back length 66.8+0.62ab 66.4+0.490 66.4+0.52° 68.4+0.592 65.910.74> *
Neck length 49.8+0.592b 48.1+0.47> 49.0+0.492b 49.9+0.562 49.3+0.7132b %
Head length 43.3+0.302 43.6+0.242 43.0+0.252 41.9+0.28° 43.7+0.362 WL
Canon bone length 31.8+0.30 31.2+0.24 31.5+0.25 31.7+0.29 32.1+0.36 NS
Fore leg length 69.5+0.652 69.1+0.522 66.1+0.55P 69.2+0.622 69.1+0.792 WL
Hip width 32.5+0.31 32.6+0.25 32.5+0.26 31.6+0.30 32.5+0.37 NS
Chest width 22.7+0.25 22.5+0.20 21.910.21 22.3+0.24 22.3+0.30 NS
Chest depth 49.0+0.39 49.9+0.31 49.2+0.32 48.9+0.37 49.5+0.47 NS
Canon circumference 23.710.23 23.910.18 23.810.19 23.710.22 23.910.27 NS
Ear length 24.8+0.252 23.8+0.200 23.9+0.21> 24.3+0.242b 23.9+0.3132b B
Body weight 120.2+2.48 121.1+1.88 119.4+1.98 124.8+2.25 117.5+2.85 NS

N= Number of observations, *p<0.05, **p<0.01, ***p<0.0001, NS=Not Significant

Qualitative characteristics

The qualitative characteristics of the studied donkey population under the effect of breed, sex and source of the
animals is presented in Table 8 and 9. Genotype and environmental factors like sex, animal source and district affects the
qualitative characteristics of the studied donkeys. The donkey populations studied possess the following qualitative
characteristics; white abdominal color, unpigmented hoof and muzzle, short and medium hair coat cover, plain body color
pattern with long dorsal stripe (leg stripe in some cases), straight face and sloppy rump profile, medium tail length and
thickness at the base of the tail. The studied qualitative characteristics were affected by different genetic and
environmental factors. Breed group has a significant effect on the studied traits except on coat description, abdominal
color, face profile and tail length while sex affects few of the qualitative characteristics recorded like coat description,
back profile and tail thickness at the base. Similarly source of the animal affects most of the traits except body color
pattern, ear shape, leg strip and rump profile.

The results showed dorsal body color of the studied donkey populations was affected (P<0.05) by breed group of the
donkeys. Based on this result, dorsal body color of Sinnar donkeys were 18% brown, 17% dark brown, 15% white, 13%
light red, 8% dark gray, 8% gray dun and 21% others. While the locals were 24% gray dun, 23% bay dun, 16% dark gray
dun, 13% gray/roan, 9% brown and 15% others. Similarly, the crossbreds were 22% bay dun, 22% dark gray dun, 17%
light red, 11% black, 11% dark brown and 17% other colors. The head color of the Sinnar donkeys was 31% white, 11%
brown, 10% light red, 10% dark brown, 9% black and 29% others. However, the head color of the local donkeys was 21%
gray dun, 18% bay dun, 16% dark gray dun, 14% gray/roan, 10% brown and 21% others. The crossbreds were also 28%
dark gray dun, 17% bay dun, 17% white, 11% light red, 11% dark brown, 11% gray/roan and 5% others in head color. The
ear tips color of Sinnar donkeys was 47% dark brown, 21% black, 10% brown, 9% light red and 13% others, while the
local donkeys were 63% dark brown, 28% black and 9% other colors. Similarly, the crossbreds were 44% dark brown,
39% black and 17% other in colors of their ear tips. The dominant tail switch color of the studied donkeys was black, with
dark brown; almost all (89%) of the crossbreds possess black tail switch color, similarly most (81%) of the locals tail
switch color was black with 16% dark brown. The results also showed that 60% of the Sinnar donkeys had black tail
switch color with 20% dark brown and 20% other colors.

The study revealed that local and cross donkeys possess plain body color pattern while some of the Sinnar donkeys
were shaded. Almost 70 percent of the Sinnar donkey breeds ear shape was round edged while most of the local and
crossbreds ear was straight edged in shape. Almost all local (93%) and crossbreds (83%) possess long dorsal stripe while
this feature was observed on half of the Sinnar donkey breeds. 40 % of the local donkeys had leg stipe, however, it was
not seen on most of the Sinnar and its crossbred donkeys. Most local donkeys and the crossbreds had either short or long
shoulder stripe, while, it was absent on more than half of the Sinnar donkeys. Almost 50% of the Sinnar donkeys back
profile was convex, however, in most of the crossbreds and local donkeys it was hollow.

The results also showed that most of the short coat hair size was possessed by jacks while the jennets had medium
coat description. Most of the jacks back profile was hollow while the jennets were hollow. Most of the jacks had small to
medium thickness at the base of their tail, however it was medium to large for the jennets. Purchased animals had short
coat hair size while the born ones had medium coat description.

There was no dorsal stripe on half of the purchased donkeys while half of them possess long. On the other hand,
most of the donkeys born on-farm possess long dorsal stripe. Similarly, there was no shoulder stripe on more than half
(52%) of the purchased donkeys while there was either short or long shoulder stripe for the donkeys born there. Most of
the purchased donkeys back profile was convex while half of the borne ones possess hollow back profile. Short and
medium tail length was observed on the donkeys born there while the purchased donkeys tail length was medium to long.
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Animals were sampled from different locations/districts to have a representative picture of the study area
(Benishangul Gumuz region). Most of the qualitative characteristics of the studied donkey populations were significantly
(P<0.05) influenced by location /district. Based on this, ear shape, leg stripe, shoulder stripe, back profile, rump profile,
tail length and thickness at the base of the tail are some of the traits which show significant differences among districts.
The results show most of the donkeys from Kurmuk district had round edged ear shape while straight edged ear shape
was seen on most of the donkeys sampled from Menge district. Most of the donkey populations from the sampled
locations do not possess leg stripe while 50% of the donkeys from Guba and Kurmuk districts had a leg stripe.

The results also revealed that most of the donkeys from Sirba Abay district had a hollow back profile while straight
back profile was observed on above half of the donkeys from Guba district. On the other hand, above half of the donkeys
from Menge district had convex back profile.

Table 8 - Percentage of qualitative traits in each breed/populations, sexes and animal sources.

Traits Breeds/populations Sex Animal source
Sinnar Local Cross Jacks Jennets Born Purchased
N 157 148 18 123 200 232 91
Coat hair size (Chi-square) NS BRI B3
Short 48 39 39 63 31 38 57
Medium 47 53 61 36 60 55 38
Long 5 8 (0] 1 9 7 5
Body color pattern (Chi-square) I NS NS
Plain 75 100 94 89 87 20 81
Shaded 25 (0] 6 11 13 10 19
Ear shape (Chi-square) I NS NS
Rounded 69 22 28 48 43 42 53
Straight 31 78 72 52 57 58 47
Dorsal strip (Chi-square) IS NS BRI
Absent 50 7 17 29 27 22 45
Long 49 93 83 70 72 77 55
Short 1 (0] 0 1 1 1 0
Leg strip (Chi-square) B3 NS NS
Present 19 39 17 29 27 30 22
Absent 81 61 83 71 73 70 78
Shoulder stripe (Chi-square) B NS LIS
Absent 52 9 17 30 31 22 52
Long 21 46 44 32 35 39 21
Short 27 45 39 38 34 39 27
Face profile (Chi-square) NS NS &
Convex 27 38 33 36 31 37 22
Straight 72 61 67 63 68 62 78
Concave 1 1 0 1 1 1 0
Back profile (Chi-square) B3 & B
Hollow 32 47 61 32 45 47 24
Straight 19 23 (0] 20 20 20 19
Convex 49 30 39 48 35 33 57
Ramp profile (Chi-square) e NS NS
Flat 22 36 39 37 25 33 22
Sloppy 65 59 61 56 65 59 68
Roofy 13 5 (0] 7 10 8 10
Tail length (Chi-square) NS % &
Short 25 30 33 26 30 32 18
Medium 50 40 22 37 48 43 46
Long 25 30 45 37 22 25 36
Tail base thickness (Chi-square) & eI &
Narrow 33 17 17 34 19 20 36
Medium 44 56 55 59 45 53 44
Wide 23 27 28 7 36 27 20

N= number of observations, *p<0.05, **p<0.01, ***p<0.0001, NS=Not Significant
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Table 9 - Percentage of qualitative traits in each districts.

Location /district

UL Guba Menge Wenbera Sirba Abay Kurmuk Chi-square
N 58 84 89 59 33
Coat hair size NS
Short 53 39 43 44 39
Medium 40 54 50 51 61
Long 7 7 7 5 0
Body color pattern NS
Plain 84 90 89 83 91
Shaded 16 10 11 17 9
Ear shape R
Rounded 43 26 52 47 73
Straight 57 74 48 53 27
Dorsal strip NS
Absent 26 32 34 17 27
Long 74 68 64 83 73
Short (0] 0 2 0 0
Leg strip R
Present 43 27 11 31 42
Absent 57 73 89 69 58
Shoulder stripe *%
Absent 33 35 35 15 30
Long 22 39 25 56 27
Short 45 26 40 29 42
Face profile *%
Convex 26 27 48 20 39
Straight 74 70 52 80 61
Concave 0 3 0 0 0
Back profile R
Hollow 16 30 40 76 45
Straight 55 13 24 0 0
Convex 29 57 36 24 56
Ramp profile w2
Flat 21 32 27 42 24
Sloppy 77 55 66 54 55
Roofy 2 13 7 4 21
Tail length R
Short 21 11 29 44 55
Medium 45 55 38 37 39
Long 34 34 33 19 6
Tail base thickness R
Narrow 31 36 21 3 33
Medium 48 44 59 49 49
Wide 21 20 20 48 18

N= number of observations, *p<0.05, **p<0.01, ***p<0.0001, NS=Not Significant

DISCUSSION

Effect of breed group

The results revealed that there were differences among the studied breeds/populations indicating Sinnar donkeys
were significantly bigger than the local donkeys while some similarities were observed with the crosses which might be
due to heterosis effect. Heterosis of various magnitude was calculated for the various traits studied. However, as the
crosses are of diverse type (F1, F2, back cross etc.) and blood level it will be difficult to interprete the heterosis effect
obtained in this study in both sexes. The big body size, height and length in the measured traits of Sinnar indicated that
the breed is highly adaptable to the hot environment with good reproduction ability (Beja-Pereira et al., 2004; Marshall
2007; Rossel et al., 2008). These results are in line with the results of Kefena et al., (2011) and Tsega and Lemma (2015)
who reported Sinnar donkeys are the tallest of all donkey populations in Ethiopia and they are also an excellent desert
adapted animals used for riding and breeding. Therefore, due to these special characteristics of the Sinnar donkey,
Kefena et al. (2011) has reported that its ancestral trunk might be different from the rest of the donkey
breeds/populations but this needs to be supported by further genetic studies. Some of the characteristics of desert
adapted donkeys include fairly bigger body sizes and similarities in coat color patterns among donkey populations of arid
and semi-arid lowlands (Beja-Pereira et al., 2004; Marshall, 2007; Rossel et al., 2008). Differences in breed groups in this
study were in line with the results of Kostukova et al. (2015). The possible cause of differences among the studied breed
groups might be due to the differences in domesticated ancestors, ecology and biophysical resources for the overall body
build and local environment and history (Beja-Pereira et al.,, 2004; Kefena et al., 2014; Gubitz et al., 2000). The local
breeds were smaller and lighter than the Sinnar donkeys which is suitable for different purposes which is in line with the
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results of Sargentini et al. (2018) who reported that the Amiata donkeys’ biometrics (small-medium sized) was suitable
for different purposes.

The dominant body colors of Sinnar donkeys from this study were white and light colors with short to medium hair
while, most of the locals and crossbreds possess gray dun and bay dun with medium hair size. These results are in line
with the results of study by Tsega and Lemma (2015) in Gondar, Ethiopia, who reported Sinnar donkeys possess white
body color with short hair and crossing them with Abyssinian donkeys often results in hairier, longer, saggy and dark
colored hybrids.

Effect of sex

Eight of the fifteen morphometric measurements were significantly affected by sex; jacks were dominant over the
jennets in four traits (height at back, chest width, canon bone length and canon circumference) while the jennets were
dominant over jacks in five traits (body length, back length, ear length, hip width and body weight). These results were in
line with the results of Kostukova et al., (2015) and partially with the results of Folch and Jordana (1997) on Catalonian
donkeys. The magnitude of sexual dimorphism in the current study is quite higher than what has been reported for
Catalonian donkeys where only Eight out of twenty-six morphometric measurements showed significant differences
between sexes (Folch and Jordana, 1997). The report of Koubek (1933) also showed that male donkeys have lower heart
girth and stronger shin than the jennets. Jacks in this study were stronger (wide chest and thick canon) than the jennets
which is in line with the results of Andersson (1994 cit. in Purzyc et al., 2007) who reported that, there are specific
physiological and biochemical processes in jacks, which results in them being stronger than the jennets. In line with the
current study the chest circumference and hip width in female individuals is mainly influenced by physiological processes
during gestation and by metabolic traits that differ from those in males (Koubek, 1933). Similarly, height at wither and at
rump were not significantly different among the sexes while the jennets had shorter height at back than the jacks which
might be due to the fetus load which pull their belly down during the pregnancy period. On the other hand, it might also be
due to their loss of strength to hold up the load they carry in comparison to jacks.

Effect of location

Location affects only six traits (body, back, head, neck, ear and fore leg length) out of the eighteen morphometric
measurements. In the study by Tsega and Lemma (2015) on Sinnar donkeys in Gondar, Ethiopia, differences in
morphometric measurements and qualitative characteristics were recorded among different sampling location due to
differences in ecological selection regimes, history or both. However, such huge significant differences were not recorded
in the present study which may be due to the closeness of the locations sampled. However also, the donkeys from the
locations/ districts which are on the border with South Sudan shows some dominance over the others as these districts
may serve as the gate ways of the Sinnar donkeys to the region. Most of the qualitative characteristics of the purchased
donkeys approaches the characteristics of Sinnar donkeys, showing most of the farmers were purchasing Sinnar donkeys
preferring their heaviness. The white color and short hair size of the Sinnar donkeys might help them in physiological
adaptation of the hot environments.

A A

Sinnar Female

Local Female Cross Female

33
Mustefa A, Assefa A, Misganaw M, Getachew F, Abegaz S, Hailu A and Emshaw Y (2020). Phenotypic characterization of donkeys in Benishangul Gumuz
National Regional State. Online J. Anim. Feed Res., 10 (1): 25-35.www.ojafr.ir



CONCLUSION

The donkeys in Benishangul Gumuz region were characterized based on FAO guidelines. Accordingly, three phenotypic
types were covered; the Sinnar, the locals and their crossbreds. Significant differences were recorded among the three
breed groups on the studied morphometric measurements and qualitative characteristics. Based on these results the
Sinnar donkeys were the tallest, widest and strongest with some similarities with their crosses. Some sex effect was
observed on the overall performances while, its effect was limited on the interaction effect with the breed groups.
However, jacks and jennets were dominating each other on equal basis. Jacks had wide chest, thick canon and long
height at rump and cannon bone, while the jennets possess wide hip and long body, back, neck and ear. Significant
differences were observed between sampled location for some of the studied traits. Qualitative differences were also
recorded among the studied class categories. Further molecular level studies are required to characterize the differences
among the studied donkey breed groups. Similarly, characterization of the local donkeys found in other parts of the region
and the Abyssinian donkeys in adjoining areas is required.
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