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ARTICLE INFO ABSTRACT

This study was conducted on a total of 776 goats (part of Central highland goat breeds of Ethiopia),
306 from Boset district of Oromia region and 470 were from Minjar Shenkora district of Amhara
region. A format developed by using food and agriculture organization discerption list was used for
recording of morphological traits, bodyweight and linear body measurements. Both qualitative and
quantitative traits were recorded from randomly sampled mature goats and the data were analyzed
using SAS software. The goat type in the study area was characterized by a higher proportion of
plain coat color patterns (62.5). Ingeneral, the majority (98.4%) of the studied goats were horned
and characterized by backward orientation (67%) with a straight shape (49.3%). They presented a
concave facial profile (73.8%), slop up toward the rump back profile (66.2%), no wattle (99.6%),
no toggle (90.7%), no ruff (85.9%) and no beard (57.3%). The location had a significant effect on
body weight and some other linear body measurements. Traits like body length, rump length, horn
length, head length, head width and shin circumference were significantly higher in Boset district.
In contrast, rump width and cannon bone length were significantly lower. The mean body weight
of male goats in Boset and Minjar Shenkora district were 30.5+1.05 kg with a range of 16 to 47 and
27.5+0.56 with a range of 13 to 57, respectively. While for female counterpart mean body weights
(kg) were 28.4+0.35 with a range of 17 to 45 for Boset and 27.5+0.33 with a range 15 to 57 for
Minjar Shenkora district. Heart girth had the highest correlation with body weight in both sexes and
shoulder width in Boset male goats. The wider variation in most quantitative measurement traits
would open an opportunity for further improvement, conservation and utilization work.
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Introduction

The presence of diverse agro-ecologies and being the
historical route of the entry point of domestic livestock
from Asia to Africa lead Ethiopia to be a home for large
and diverse livestock resources. The diversified genetic
resource is vital for the present and future livelihoods in the
development of a sustainable animal production system, in
the meeting of unpredictable future demand, climate
change and more virulent disease pathogens,

Worldwide the number of goat breeds reached 570
among them 89 are in Africa (Galal, 2005), and within it,
8 breeds with 32.74 million heads are found in Ethiopia
(CSA, 2018; EBI, 2014). However, to the opposite of its
large size and existed diversity, the traditional management
system and lack of intensive improvement works
contribute to the low productivity of Ethiopian goats

(Gatew et al., 2015). Moreover, aggressive expansion of
agricultural mechanization, new market demand and
indiscriminate crossbreeding is a threat to the genetic
resources of indigenous breeds (Mahmoudi et al., 2010).
Therefore, sustainable genetic improvement works on
indigenous breeds are important to revert the existing
challenges. Furthermore, their adaptation to harsh climatic
conditions, disease tolerance capacity (Khargharia et al.,
2015) survival and reproduction ability in harsh
environmental conditions and on poor quality fibrous feeds
(Muluneh et al., 2016) pursues due attention.

Lack of information hinders decision-making
concerning what to conserve, develop, and how to best use
limited funds available for conservation, improvement and
sustainable utilization (FAO, 2007). It is a well-known fact
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that in the absence of baseline characterization work, the
breed and its unique characteristic may decrease before
their value is fully understood, exploited, or conserved.
Therefore, the knowledge of the existing genetic variability
is the first step to conservation, improvement and
sustainable utilize the resource (la et al., 2002). It is
essential to characterize a breed for its conservation
(Mahmoudi et al, 2010). Besides, phenotypic
characteristics are important in breed identification and
classification (Khargharia et al., 2015). However, in
Ethiopia, the goat characterization in various forms has not
been exhaustively undertaken (Dereje, 2015). Therefore,
the objective of this study is to provide baseline
information for in-situ conservation, improvement and
sustainability of Boset and Minjar Shenkora indigenous
goat populations of Ethiopia which is a part of Central
highland goat breeds of the country.

Materials and Methods

Study Areas

The study was conducted in two bordering districts of
Minjar Shenkora and Boset in Amhara and Oromia
National Regional States respectively (Fig 1). There wasn’t
any goat passing between the adjoint districts. However,
browsing land owned in Boset district were slightly higher
than the adjacent district (Minjar Shenkora, Tesfalem et al.,
2021).

Boset is located in the east of the capital city of
Ethiopia, at about 100 km, with north latitude and east

39°15'0"E 39°30'0"E
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longitude of 8°24'-8°51" and 39°16"-39°50" respectively.
It has an altitude of 1500 m.a.s.l. with annual rainfalls and
temperature ranged from 400 to 800mm and 13.60 to
27.7°C, respectively. Weinadega (midlands) and Kola (low
lands) are the two major agro-climatic zones of the district.

Minjar Shenkora is located in the east of the capital city
of Ethiopia, at about 135 km, with north latitude and east
longitude of 90°6'-90°5" and 39°46'-39°26' respectively.
It has an altitude of 1900 m.a.s.l. with annual rainfalls and
temperature ranged from 162.8 to 1028mm and 7.3 to
27.7°C, respectively. The district falls within three major
agro-climatic zones, Dega (high lands), Weinadega
(midlands) and Kola (low lands).

Method of Data Collection

Through discussing with agricultural development
agents and considering goat population and road
accessibility, representative districts and six representative
kebeles (the smallest administrative units in Ethiopia next
to district, it might consist more than 15 villages which
comprising about 500 households or around 4000 persons)
within each district were purposely selected. To identify
the distinguishing features of the goat population (as goats
in Ethiopia are not specialized and played multi-purpose
role) both qualitative and quantitative body measurement
records were taken on a total of 776 randomly selected
mature goats. 470 heads were from Minjar Shenkora (301
females and 129 males and 40 castrated) and 306 heads
from Boset (270 females and 36 males).
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Figurel. Map of the Study Area (source: Tesfalem et al, 2021)
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Qualitative traits such as sex, coat color pattern, coat
color type, body skin color, horn shape; horn and ear
orientation; facial, rump and back profile; presence or
absence of horn, wattles, toggle, beard and ruff were
recorded through visual observation and by using breed
morphological characteristics descriptor list of FAO
(2012). Quantitative body measurement records taken for
both sexes included body weight (BW), body length (BL),
height at wither (HW), heart girth (Hg), shoulder-width
(SW), chest depth (ChD) and rump width (RW), rump
length (RL), head length (HeL), head width (Hew), Horn
Length (HL), Ear Length (EL), cannon bone length (CL)
and shine circumference (ShC). Testicular circumference
(TC) was also measured for males. Measurements were
taken with a measuring tape while body weight was
recorded using a suspended weighing scale by hanging up.
The methods used for the measurements are as described
by FAO (2012). All measurements were taken with goats
standing steadily and in the morning before the animals left
for watering and browsing.

Statistical Analyses Techniques

Qualitative and Quantitative body measurement data
were analyzed by using SAS software; PROC FREQ, GLM
and PROC REGS (SAS version 9.2, 2008). To assess the
significance of categorical variables chi-square test was
employed. For separate sex, districts were fitted as fixed
effects while linear body measurements were fitted as
dependent variables. The effect of the district was
expressed as Least Square Means (LSM) + SE. The
following model was used to analyze body weight and
other linear body measurements for each sex.

Yij = p + Bi +eij

Where:

Yij = Observed quantitative measurement of trait of
interest

p = Overall mean

Bi = The effect of district (i = Boset, Minjar Shenkora)

eij = Random error associated with quantitative body
measurements

Pearson's correlation coefficients were estimated
among body weight and linear body measurements for each
sex. To predict live bodyweight from other linear body
measurements stepwise regression procedures were used.
Bodyweight was estimated from other leaner body
measurements for separate sex as follows:

Y =PB0+BIX 1 +P2X2+..pnXn+ej

Where:

Y  =the response variable (bodyweight)

B0 = the intercept

X1... Xn were the explanatory variables like body
length, heart girth and horn length)

B1... Bn are regression coefficients of the variables X1...
Xn

ej =random error

Results and Discussion

Qualitative traits of the sample population

Except for coat color pattern, presence of horn, wattle
and bread, there was an association (P<0.05) between most
qualitative variables and location (Table 1). The most
frequent observed coat color patterns in the study area were
plain (62.5%) and patchy (35.4%) with white and light red
dominating color type. This may be attributed to the breed
characteristics itself or the owner's preference for light coat
color as it is important for the adaptation of the hot
environment, so the animal can perform easily in the
lowland (Hensen 1990). Moreover, shiny colored animals
can be seen easily in the deep forest so the keeper can easily
trace out the animal. Thus, any breeding program that
would be designed in the area should consider the existed
situations. However, from the conservation point of view
and for sustained improvement work, due attention should
be taken for animals with low observed traits. The coat
color pattern in this study is in line with the report of Dereje
(2015) and Hagos et al. (2016) for Begait goat of western
Tigray. About 98.4% of the sampled goats were horned
with straight dominating horn shape in Boset district, while
curved in Minjar Shenkora. This may be attributed to
socio-cultural and practical importance, as horned goats
are expected to fight against predators. The finding is in
line with goat types of west Gojam Zone (Muluneh et al.,
2016). The dominant horn and ear orientation of the
sampled goat in the studied area were backward (67%) and
semi pendulous (84.8%), respectively. The observation is
similar to the report of Alemu (2015) for Abergelle goats.
The majority of the goat in the study area presented
concave facial profile (73.8%), slop up toward the rump
back profile (66.2%), no wattle (99.6%), no toggle
(90.7%), no ruff (85.9%) and no beard (57.3%). This might
be attributed to breed characters and/or the interest of the
producer. The finding is similar to Hagan et al. (2012) for
indigenous goats of Ghana. However higher proportions of
Central Highland goats had beards and wattle (Zergaw et
al., 2016; Muluneh et al., 2016).

Quantitative traits of the sampled goat population

Body measurement variation in male goats

The district had a significant effect (P<0.05) on body
weight and most linear body measurements (LBMs) of
male goat except heart girth, height at wither, shoulder
width and ear length (Table 2). Most measurement traits
like body weight, body length, rump length, horn length,
head length, head width, shin circumference and testicular
circumference were significantly (P<0.05) higher in Boset
district. In contrast, chest depth, rump width and cannon
bone length were significantly (P<0.05) lower. The
difference might be due to differences in the management
system, genetic by environment interaction, the breed
characteristic itself, or the presence of strains within the
breed. The mean body weights (kg) were 30.5+1.05 with a
range of 16 to 47 (the result is not presented here), and
27.5+0.56 with a range of 13 to 57 for Boset and Minjar
Shenkora district respectively. This wide variation might
be attributed to lack of a systematic selection program in
the area that would help for setting up selection programs.
The existed variation is an opportunity for sustainable
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improvement, conservation and utilization work that would
be designed in the area. The average body weight reported
in this study is similar to Short-eared Somali (27.8) and
Central Highland goat (30.1) but lower than Western goat
(around 33 kg) (ESGPIP, 2009). The overall trait-based
coefficient of variation (CV) was fluctuated from 7.49 to
32.04 for height at wither and horn length, respectively.
The population effect (R?) ranged from 0.00 for shoulder
width and height at wither to 0.58 for cannon bone length.

Table 1. Summary of qualitative variables of sampled goat in the two districts

Traits with low R? with the correspondence high CV in the
present study show the heterogeneity is within the
population otherwise between the populations. Thus,
varying the overall population effect (R2) in this study is
attributed to both population and individual differences.
The result is in line with the report of Alemu (2015),
Dereje, (2015) and Hagos (2016) for Abergelle and Central
highland goat breeds, indigenous cattle in Oromia region
and Begait goat in western Tigray, respectively.

Female Male Total
Variable Class level Boset  Minjar Shekora  Boset  Minjar Shenkora N (%)
N (%) N (%) N (%) N (%)
Plain 228 (84.4) 152(50.3) 20 (55.6) 85(50.6) 485 (62.5)
Patchy 32 (11.9) 150(49.7) 16 (44.4) 77 (45.8) 275 (35.4)
Coat colour pattern ¢, 10 (3.7) Na Na 6(3.6) 16 (2.1)
X%(P) 7.25 (0.298)
Present 265(98.5) 297(98.7) 34(94.4) 165(98.8) 763 (98.4)
Horn Absent 4(1.5) 4(1.3) 2(5.6) 2(1.2) 12 (1.6)
X%(P) 0.03 (0.0873) 2.91 (0.88) 0.57 (0.45)
Scurs 11(4.1) 18(6.1) 1(2.9) 5(3.0) 35(4.6)
Straight 170(63.2) 132(44.7) 23(67.6) 52(31.3) 377 (49.3)
Horn shape Curved 78(29.0) 140(47.5) 8(23.5) 94(56.6) 320 (41.9)
Spiral 10(3.7%) 5(1.7) 29(5.9) 15(9.0) 32 (4.2)
X?(P) 24.63 (0.000) 16.32 (0.001) 43.30 (0.000)
Obliquely 5(1.9) 31(10.5) 0(0) 4(2.4) 40(5.2)
Horn orientation Upward 100(37.3) 73(24.7) 11(32.4) 28(16.8) 212(27.7)
Backward 163(60.8) 191(64.7) 23(67.6) 135(80.8) 512(67.0)
X3(P) 23.97(0.000) 4.98(0.083) 29.02(0.000)
Erect 11(4.1) Na 1(2.8) Na 12(1.6)
Ear orientation Semi pendulous 183(67.8) 288(96.0) 25(69.4) 160(95.2) 656(84.8)
Pendulous 5(1.9) 1(0.3) 2(5.6) 2(1.2) 10(1.3)
Carried horizontally | 71(26.3) 11(3.7) 8(22.2) 6(3.6) 96(12.4)
X%(P) 29.62(0.000) 24.75(0.000) 112.47(0.021)
Straight 123(45.6) 53(17.6) 12(33.3) 15(8.9) 203(26.2)
Facial profile Concave 147(54.4) 248(82.4) 24(66.7) 153(91.1) 572(73.8)
X?(P) 52.14(0.000) 15.38(0.000) 84.03(0.000)
Straight 130(48.1) 70(23.3) 15(41.7) 46(27.4) 261(33.7)
Back profile Slop to rump 139(51.5) 231(76.7) 21(58.3) 122(72.6) 513(66.2)
Slop to withers 1(0.4) Na 0(0.0) Na 1(0.1)
X?(P) 40.31(0.000) 2.89(0.89) 44.52(0.000)
Flat 142(52.6)  144(47.80)  15(41.7) 59(35.1) 360(46.5)
Rump profile Sloping 85(31.5) 137(45.5) 19(52.8) 107(63.70) 348(44.9)
Roofy 43(15.9) 20(6.6) 2(5.6) 2(1.20 67(8.6)
X3(P) 18.96(0.000) 3.80(0.149) 37.47(0.000)
Present 1(0.4) 0(0.0) 0(0.0) 2(1.2) 3(0.4)
Wattle Absent 269(99.6)  301(100.0)  36(100.0) 166(98.8) 772(99.6)
X3(P) 1.12(0.291) 0.43(0.511) 0.48(0.827)
Present 37(13.9) 15(5.0) 4(11.1) 16(9.5) 72(9.3)
Toggle Absent 230(86.1) 286(95.0) 32(88.90 152(90.5) 703(90.7)
X3(P) 13.08(0.000) 0.84(0.771) 10.13(0.001)
Present 83(30.7) 79(26.2) 31(86.1) 138(82.1) 331(42.7)
Beard Absent 187(69.3) 222(73.8) 5(13.9) 30(17.9) 444(57.3)
X2(P) 1.42(0.234) 0.328(0.567) 6.15(0.43)
Present 3(1.1) 5(1.7) 31(86.1) 70(41.7) 109(14.1)
Ruff Absent 267(98.9) 296(98.3) 5(13.9) 98(58.3) 666(85.9)
X2(P) 0.312(0.577) 23.43(0.000) 3.65(0.056)

N = number of observations, Na = not available
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Table 2. Quantitative body measurements of male goats (LSM=SE) in the studied districts

. 2 Districts

Traits Overall cv R Boset MinjarShenkora P-value
Body length 59.1+£0.44 8.00 0.09 60.9 £0.77 57.3+0.41 <.0001
Bodyweight 29.0+0.60  22.44 0.04 30.5+1.05 27.5+0.56 0.0126
Heart girth 70.7+0.60 8.00 0.02 71.6£0.94 70.6£0.50 0.0942
Height at wither 64.8+0.46 7.49 0.00 65.1+0.81 64.6+0.43 0.569
Chest depth 30.1+0.23 8.10 0.07 29.3+0.41 31.0+0.22 0.0004
Shoulder width 14.7+0.16 11.44 0.00 14.8+0.28 14.9+0.15 0.6206
Rump length 14.940.13 9.60 0.41 16.2+0.23 13.5+0.12 <.0001
Rump width 17.1+0.18 10.75 0.05 16.6+0.31 17.6+0.17 0.0055
Head length 16.7+0.16 10.6 0.13 17.6+0.29 15.9+0.15 0.0001
Head width 12.4+0.14 11.84 0.06 12.81£0.24 11.9+0.13 0.0018
Shin circumference 7.9+0.07 10.10 0.08 8.24+0.13 7.6+0.07 0.0003
Horn length 14.8+0.42 32.04 0.11 16.5+0.75 13.1£0.40 0.0001
Ear length 14.6£0.14 10.29 0.01 14.8+£0.24 14.5+0.13 0.3341
Cannon bone length 14.3£0.11 7.86 0.58 12.56+0.84 16.09+1.35 <.0001
Testicular circumference 23.3+0.23 10.69 0.10 24.3+0.41 22.4+0.23 <.0001

Values with (P<0.05) are significantly different from each other. C\VV= Coefficient of variation

Table 3. Quantitative body measurements of female goats (LSM=SE) in the studied districts

, Districts
Effect and level Overall Ccv R Boset MinjarShenkora P-value
Body length 58.7+0.18 753 0.02 59.4+0.27 58.0+0.25 0.0002
Bodyweight 28.0+0.24 20.52 0.01  28.4+0.35 27.5+0.33 0.0722
Heart girth 70.8+0.21 7.19 0.01 71.3£0.31 70.3£0.29 0.0184
Height at wither 63.44+0.19 7.31 0.01 62.8+0.28 63.9£0.27 0.0044
Chest depth 29.84+0.10 7.74 0.23 28.5+0.14 31.1£0.13 <.0001
Shoulder width 14.4+0.07 11.49 0.02 14.1£0.10 14.6+0.10 0.0016
Rump length 14.6+0.05 8.66 0.41 15.74+0.08 13.620.07 <.0001
Rump width 17.3+0.07 9.24 0.14 16.7+£0.10 18.0+0.09 <.0001
Head length 16.2+0.06 8.82 0.10 16.7+0.09 15.8+0.08 <.0001
Head width 11.6+0.05 931 0.01 11.7+0.07 11.5+0.06 0.0284
Shin circumference 7.5+0.03 8,51  0.07 7.7+0.04 7.4+0.04 <.0001
Horn length 13.74£0.16 28.09 0.09 14.87+3.79 12.46+3.85 <.0001
Ear length 15.0+0.06 10.13 0.04 15.3+0.09 14.7+0.09 <.0001
Cannon bone length 14.0+0.05 792 0.72 12.2+0.07 15.8+0.06 <.0001

Values with (P<0.05) are significantly different from each other. CV= Coefficient of variation

Body measurement variation in female goats

Except for body weight, all continuous variables
showed significant (P<0.05) difference between the
studied districts (Table 3). Body length, rump length, head
length, ear length, shin circumference, horn length heart
girth and head width were significantly higher (P<0.05) for
Boset district, while, height at wither, shoulder width,
rump width, Head width and cannon bone length were
significantly (P<0.05) lower. This could be again due to the
variation in the farming system, genetic by environment
interaction, or the presence of strains within the breed. The
mean body weights (kg) were 28.4+0.35 with a range of 17
to 45 and 27.5+0.33 with a range 15 to 57 in Boset and
Minjar Shenkora district respectively. This wider variation
in bodyweight can open an opportunity for improvement of
live weight and conservation of the breed. The result is
similar to the mean body weight of Keffa (28.2), Abergele
(28.4) and Hararghe Highland (28.6) goats and higher than
from Afar goat (23.7) (ESGPIP, 2009). The overall trait-
based coefficient of variation fluctuated from heart girth
(7.19) to horn length (28.09). The population effect (R?)
ranged from 0.01 for most traits including, body weight,
heart girth, height at wither and head width to 0.72 for
cannon bone length. This is again attributed to both
population and individual differences.

Bodyweight and linear body measurements

Pearson’s correlation coefficient of quantitative body
measurements of both sexes is summarized in Table 4. There
was a positive and significant correlation (P<0.05) between
body weight and all other linear body measurements of both
sexes. This indicates the possibility of predicting live
bodyweight from other body measurements. Bodyweight was
strongly correlated with heart girth (r = 0.80) and body length
(r=0.70) in female goats, and with heart girth (r = 0.85), chest
depth (r = 0.73) and body length (r = 0.72) in male goats. The
result is in line with Hagos et al. (2016) for Begait goat. The
association between body weight and heart girth, and chest
depth could be due to the relatively large contribution in body
weight of those traits which consists of bones, muscles and
viscera. A combination of those traits would be a better
estimator of live bodyweight. However, for easy application
under farmer conditions, it would be good to have a few easily
measurable traits. The correlation between linear body
measurements and bodyweight was higher in male than
female counterparts. This highest association of heart girth
with bodyweight than other body measurements is in
agreement with other results (Hagan et al., 2012; Zergaw et
al., 2016; Muluneh et al., 2016) reported for Ghana, Konso
and west Gojam goats, respectively.
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Prediction of body weight from other linear body
measurements

The regression analysis of live bodyweight on various
continuous linear body measurements of both sexes of the
studied districts is presented in Table 5. The result of
stepwise multiple regression analysis showed that heart
girth was the most determinant of live body weight for
Minjar Shenkora female (84%), Minjar Shenkora male
(60%), and Boset female (57%), while shoulder width
(51%) was the most significant in the model for Boset male
goats. This may be ascribed to the fact that animals with
better thoracic development have a higher weight of some
vital organs such as the heart and lungs. In most cases, the
more inclusion of other body measurements in the model
leads to the more accuracy of the model. However, it could
be difficult for easy application under traditional

management system where farmers mainly intended to do
it by themselves. The findings are similar to the report of
Halima et al. (2012) and Hagos et al. (2016) for
Ethiopian indigenous goats and Begait goats of western
Tigray.

Conclusion

Goat population raised in the two districts have
morphological similarity however there are significant
differences in most linear body measurements. The existed
variation in most measurement traits is an indicator for
further improvement opportunity and conservation work
that would be designed in the area. Thus, for the breed
sustainability and to utilize the resource sustainably,
Community based conservation and improvement through
selection should be designed in the area for the breed.

Table 4. Correlation coefficients of quantitative body measurements (values above diagonal are for females, otherwise,

for males)

Trait BW BL Hg HW ChD SW RL RW HeL Hew ShC HL EL CL
BW 0.70* 0.80* 0.58* 0.63* 0.38* 0.44* 0.47* 0.50* 0.43* 0.57* 0.55* 0.19* 0.14*
BL 0.72* 0.61* 0.47* 0.45* 0.27* 0.36* 0.31* 0.37* 0.32* 0.42* 0.41* 0.13* 0.016™
Hg 0.85* 0.66* 0.51* 0.63* 0.38* 0.44* 0.44* 0.48* 0.40* 0.55* 0.47* 0.17* 0.12*
HW 0.66* 0.51* 0.66* 0.55* 0.42* 0.18* 0.43* 0.37* 0.35* 0.33* 0.31* 0.57™ 0.31*
ChD 0.73* 0.53* 0.71* 0.61* 0.45* 0.02™ 0.61* 0.25* 0.33* 0.29* 0.28* 0.05" 0.60*
SW  0.61* 0.41* 0.59* 0.50* 0.54* 0.14* 0.53* 0.28* 0.24* 0.39* 0.19* -0.05"™ 0.33*
RL  0.57* 0.60* 0.51* 0.40* 0.26* 0.39* 0.09™ 0.52* 0.28* 0.45* 0.44* 0.17* -0.41*
RW  0.59* 0.42* 0.61* 0.45* 0.64* 0.62* 0.20* 0.25* 0.22* 0.29* 0.16* -0.02™ 0.56*
HeL 0.55* 0.51* 0.52* 0.46* 0.37* 0.40* 0.62* 0.32* 0.40* 0.50* 0.53* 0.20* -0.06™
Hew 0.39* 0.24* 0.34* 0.36* 0.28* 0.24* 0.28* 0.12" 0.33* 0.46* 0.37* 0.08* 0.11*
ShC 0.61* 0.38* 0.54* 0.53* 0.45* 0.52* 0.51* 0.25* 0.55* 0.46* 0.45* 0.09* -0.02"
HL  0.67* 0.53* 0.60* 0.60* 0.48* 0.39* 0.51* 0.34* 0.64* 0.50* 0.59* 0.19* -0.12*
EL 0.18* 0.29* 0.12" 0.06™ 0.20* 0.05"™ 0.15"™ 0.08™ 0.06™ 0.08"™ 0.03" 0.11™ -0.17*
Cl 0.16* -0.05" 0.25* 0.35* 0.53* 0.38* -0.31* 0.47* 0.01™ 0.01"™ 0.17* 0.04™ -0.16*

SC 0.35* 0.25* 0.25* 0.24* 0.15™ 0.18* 0.33* 0.09"™ 0.28* 0.15™ 0.28* 0.34* -0.05"™ -0.16"™

BL=Body length, BW=Body weight Hg=Heart girth, HW=Height at wither, ChD=Chest depth, SW=Shoulder width, RL=Rump length, RW= Rump
width, HeL=Head length, HeW=Head width, ShC=Shin circumference Hl=Horn length, EL=Ear length, CL=Cannon bone length, TC=Testicular
circumference

Table 5. The regression analysis of live body weight from other LBMs

. Intercept Regression coefficients )
Sex Equation A Bl B) B3 B4 B5 B6 R Error term
Boset
SW -6.83 2.66 051 423
Male SW+HI -6.39 225 031 0.66 3.60
SW+HI + ChD -19.64 152 0.27 0.83 0.75 3.19
Hg 2747  0.78 057 3.20
Hg+ BL -39.13 0.60 0.42 0.66 2.86
Female Hg+ BL+ HelL -45.80 0.56 0.40 0.66 0.68 2.78
Hg+ BL+ HeL +ChD -46.44 0.48 036 058 0.34 0.69 273
Hg+ BL+ HeL +ChD+EL -47.66 047 036 055 0.34 0.15 0.70 270
Hg+BL+HelL+ChD+EL+RL  -50.04 046 035 049 031 016 0.33 0.71 267
Minjar Shenkora
Male Hg -39.28 0.95 0.84 231
Hg+ BL -42.75 0.80 0.25 0.85 222
Hg -38.91 0.25 0.60 4.49
Hg+ BL -37.73 1.00 -0.08 0.63 4.48
Female Hg+ BL+ HI -29.83 0.86 -0.15 0.46 0.65 4.19
Hg +BL +HI+ChD -35.50 049 -020 033 118 0.67 3.96
Hg+ BL+ HI+ChD+SC -38.23 045 -021 049 112 1.12 0.67 3.92
Hg+ BL+ HI+ChD+SC+Sw  -38.18 041 -0.20 0.29 108 0.87 0.36 3.90
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