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The Surma cattle population is one of Ethiopia’s indigenous cattle populations

with valuable qualitative and quantitative traits. This study aimed to identify the

phenotypic characteristics of the Surma cattle population under farmers’

management conditions. A total of 384 Surma cattle were randomly sampled

for the study of phenotypic traits. A purposive, multi-stage, stratified random

sampling technique was used to determine the number of districts, kebeles, and

households. Data were gathered through field observations and linear body

measurements from the study population based on sex, district, and production

system. The coat color of Surma cattle was spotted (82%), followed by patchy

(12.2%) and plain (5.2%). The overall mean values for body weight (BW), chest girth

(CG), body length (BL), height at the withers (HW), rump height (RH), rump length

(RL), ear length (EL), and horn length (HL) were 223.54 ± 20 kg, 149.15 ± 7.16 cm,

108.60 ± 7.3 cm, 112.65 ± 7.5 cm, 111.34 ± 7.11 cm, 20.05 ± 1.6 cm, 18.48 ± 1.25

cm, and 25.00 ± 6.6 cm, respectively. The quantitative variables were significantly

(p< 0.05) different between production systems, except for HL and EL, and all the

measurements were significant (p< 0.05) between sexes. This study provides

basic phenotypic information about Surma cattle for the first time, which is

important for genetic study, conservation, and breed improvement. The Surma

breed has a huge and well-framed body size in both male and female animals,

which indicates that this breed may be used for beef breed improvement.
KEYWORDS
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1 Introduction

Ethiopia is one of the Sub-Saharan African countries with a large potential for livestock

production. The total number of cattle in all regions of the country, except for the non-

sedentary population of three zones in Afar and six zones in the Somali Region, has been

estimated to be over 66.2 million, 43.31% of which were males and 56.69% were females.
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The country has the largest population in Africa (CSA, 2023). The

majority of these cattle (98.71%) are indigenous breeds, which are

kept under extensive management (CSA, 2023).

Given its diversified ecology and large number of animals,

Ethiopia is considered a center of diversity for animal genetic

resources in general and indigenous cattle in particular (Mulugeta,

2015). The cattle breeds in Ethiopia are a valuable source of genetic

material due to their adaptation to harsh climatic conditions, their

ability to better utilize the limited and poor-quality feed resources,

and their tolerance to the range of diseases found in these regions.

Ethiopia has 28 recognized indigenous cattle breeds (Assefa and

Hailu, 2018) and is known for its diversified livestock production

systems. The prospective development and the sustainability of

local cattle production systems are dependent upon the availability

of this genetic variation. The Ethiopian cattle breeds are categorized

into four broad groups: hump-less, Zebu, Sanga, and Intermediate

Sanga/Zenga (Hagos, 2016). The different cattle breeds/types under

the four broad categories are found distributed in different

agroecological zones. In general, in Ethiopia, 46% of the cattle

population is found in the highlands, 16% in sub-humid zones, 16%

in semi-arid regions, 14% in arid zones, and 8% in the humid parts

of the country (MOARD, 2004).

There are distinct breeds suitable for diverse purposes in the

different production environments or ecological zones. For

instance, the Sheko cattle breed is known for its greater trypan

tolerance compared with Zebu cattle, while the Abigar cattle breed

has the potential to thrive in extreme heat and during disease

outbreaks (Dinkissa, 2023). Characterization information needs to

be available to design an appropriate animal breeding program for

village conditions (Vieira et al., 2015).

In light of this, characterization of the animal genetic resources in

their original location is a crucial foundation for the documentation,

conservation, utilization, and development of sustainable genetic

improvement approaches (Mustefa, 2023). Potential animal genetic

resources are associated with marginal environments and

marginalized pastoral communities. Different studies have been

carried out to characterize the indigenous cattle breeds and

populations found in the southwestern area of Ethiopia (Bahbahani

et al., 2018; Desta et al., 2011; Fedlu et al., 2007; Admasu and Bayou,

2024). However, with regard to the Surma cattle population, there is

insufficient information about its phenotypic characteristics, and it

has not been registered in the Domestic Animal Diversity

Information System (DAD-IS) before. Therefore, this study was

systematically conducted to phenotypically characterize and
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describe the Surma cattle populations in this area, with the aim to

facilitate their rational development, utilization, and conservation

strategies in the Bench Maji Zone.
2 Materials and methods

2.1 Description of the study area

The study was conducted in the Bench Maji Zone, Southwest

Ethiopia, where the Surma cattle populations reside. For the

identification of the study area, two districts (i.e., Menit Shasha

and Maji) were included due to the limited distribution of Surma

cattle (Table 1; Figure 1).

2.1.1 Menit Shasha district
Menit Shasha district is found in the southwestern part of

Ethiopia in the South Nations, Nationalities, and Peoples Region, in

the Bench Maji Administrative Zone. It is one of the 11 districts of

the Bench Maji Administrative Zone. This district is divided into 27

kebeles, among which 5 kebeles have highland, 12 kebeles have

midland, and 10 kebeles have lowland agro-climatic conditions

(MSLFDO, 2023; BMZLFDO, 2023).

According to CSA (2007), it has a total human population of

44,766 (22,549 male and 22,217 female inhabitants, of whom, 2,778

dwell in urban areas and 41,988 are in rural areas). It has a total land

surface area of 2,770 km2. The district is located 617 km away from

Addis Ababa. According to the data from MSLFDO (2016), the

district has an elevation ranging from 1,100 to 2,200 m above sea

level. The mean annual temperature varies from 20°C to 40°C, and

the mean annual rainfall is recorded as 850 mm. The climate of the

area is characterized by a long rainy season (June–November) and a

short rainy season that extends from the end of March to May,

while the dry and semi-dry season occurs between December and

March (MSLFDO, 2016; BMZLFDO, 2016).

2.1.2 Maji District
Maji District is found in the southwestern part of Ethiopia in the

South Nations, Nationalities, and Peoples Region, in the Bench Maji

Administrative Zone. It is one of the 11 districts of the Bench Maji

Administrative Zone. This district is divided into 23 kebeles, among

which four kebeles have highland, nine have midland, and nine

have lowland agro-climatic conditions (MLFDO, 2016). It has a

total human population of 27,503 (13,489 male and 14,014 female
TABLE 1 Description of the study districts.

District Altitude
(m)

Rainfall
(mm)

Temperature
(°C)

Human
population

Cattle Distance
(km)

No.
of kebeles

Total

HL ML LL

Maji 900–2,700 510–900 18–36 27,503 287,139 661 4 10 9 23

Menit
Shasha

1,100–2,550 850 20–40 44,766 414,489 617 5 12 10 27
fronti
Source: BMZLFDO (2023).
HL, highland; ML, midland; LL, lowland.
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inhabitants) (CSA, 2007). According to MLFDO (2016), it has a

total land surface area of 1,651 km2. The district is 661 km away

from Addis Ababa. According to the data from the MSLFDO, 2023

and BMZLFDO, 2023.
2.2 Samples and sampling techniques

A rapid field survey was carried out by the researcher in

collaboration with experts and professionals from the Zonal and

District Livestock and Fishery Development Office, Bench

Maji Zone.

A purposive, multistage, stratified random sampling technique

was employed for the selection of the study areas, kebeles,

households, and individual cattle for qualitative and quantitative

characterization. The sample was structured into three stages,

as follows:

In the first stage, the Surma cattle predominant districts (i.e.,

Menit Shasha and Maji) were purposively selected from the Bench

Maji Zone based on herd size per household, the suitability of the

area for cattle production, road access, and the willingness of the

farmers to participate in the program.

In the second stage, each selected district was stratified into two

production systems (i.e., pastoralist and agro-pastoralist) for the

study. From each production system, two kebeles were purposively

selected, totaling four kebeles per district and eight kebeles across the
Frontiers in Animal Science 03
study (Table 2). The selection criteria were cattle population density,

accessibility, and the absence of tribal conflict and other constraints.

In the third stage, from the selected kebeles, 184 households that

owned five mature Surma cattle were randomly selected. The final

sample size was determined according to the FAO (2012) guidelines

for the phenotypic characterization of animal genetic resources for

finite populations.

According to BMZLFDO (2023), the estimated population of

mature cattle (males and females) in the study area was

approximately 80,000. The required sample size was calculated as:

n = (Z/m)2 × (p(1 − p).

Hence, based on the above formula:

n = (1:96=0:05)2 ËC (0:5(1 − 0:5) = 384:

The finite population correction (FPC) factor is routinely used

in the calculation of sample sizes for simple random samples. The

sample size equation used to solve for n′ (new sample size) when

taking the FPC into account is as follows:

n 0 = n=(1  + n=N)  =  384=(1 + 384=80, 000) :

In the equations, n denotes the sample size, N is the population

size, P is the sample proportion, Z represents the confidence level at

95%, m is the 5% significance level (0.05), and n′ is the new

sample size.

A total of 382 cattle were considered for the qualitative and

quantitative trait studies.
FIGURE 1

Map of the study areas.
frontiersin.org

https://doi.org/10.3389/fanim.2025.1565748
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org


Fetene et al. 10.3389/fanim.2025.1565748
Based on the FAO (2012) guidelines for the phenotypic

characterization of finite populations using simple random

sampling, the required sample size was calculated as 382 cattle.

However, for practical purposes of equal representation across the

eight selected kebeles, the sample size was rounded up to 384 cattle

(i.e., 48 animals per kebele). This slight increase does not

compromise the statistical validity and allows for balanced

sampling across strata, ensuring representativeness and ease of

field implementation.
2.3 Data collection procedures

Primary data were collected through field measurements and

observations, while secondary data, such as the cattle population

and number of kebeles with the classification of the production

system, were obtained from the Zonal and District Pastoral and

Livestock and Fishery Development Office. Repeated exploratory

visits helped to verify the accessibility and the availability of cattle in

each selected kebele.

The age of cattle was determined based on the owners’

estimation and the dentition pattern, with only mature animals

(≥4 years old) included in the study. Pregnant and sick animals were

excluded to avoid measurement errors.

The qualitative traits that were examined and recorded included

the coat color pattern, coat color type, horn shape and horn

orientation, body condition score, dewlap size, hump position,

hump shape, tail length, and udder size. Simultaneously, linear

body measurements such as the chest girth (CG), body length (BL),

height at the withers (HW), rump height (RH), rump length (RL),

ear length (EL), and horn length (HL) were taken and recorded

from the sampled mature males and females.

Each measurement was taken twice, and the average value was

used for analysis. During measurements, the animals were

restrained so that the heads and necks were most on a straight

line to ensure the accuracy of the parameters being measured. The

measurements were taken using a measuring tape and a graduated

measuring stick.
2.4 Data management and statistical
analysis

Data from the field measurements and trait observations were

analyzed using the Statistical Package for the Social Sciences (SPSS,

version 20). Descriptive statistics were employed to summarize the
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key parameters. The chi-square test was used to determine the

association between categorical variables, such as the coat color

pattern, coat color distribution, horn shape, horn orientation, ear

orientation, hump size, dewlap size, tail size, and udder size.

The correlations of live body weight with the different body

measurements were evaluated using Pearson’s correlation coefficients,

which were calculated separately for males and females.

Furthermore, independent-samples t-tests were used to compare

the mean values across sexes, districts, and production systems.

When the F test showed significant differences, the means were

subsequently separated using a two-tailed t-test (pairwise separation).

The statistical model is as follows:

Yij = μ+Ai + Sj + pk +   eijk

where Yij is the observed value of the trait of interest, µ is the

overall mean, Ai is the fixed effect of the ith production system (agro-

pastoral or pastoral), Sj is the fixed effect of the jth sex (female or

male), pk is the fixed effect of the kth district (Menit Shasha or Maji),

and eij is the residual random effect associated with each record.

The interaction effects between districts, sexes, and production

systems were considered during the preliminary model building phase.

However, they were not included in the final model due to the limited

sample sizes in certain interaction subgroups, which would have led to

unreliable estimates and reduced model stability. In addition, model

diagnostics indicated that the interaction terms did not significantly

improve the model fit and that their inclusion introduced unnecessary

complexity. Therefore, a main-effects model was retained to ensure

model parsimony, robustness, and interpretability of the key variables.

Further investigation of the interaction effects is being pursued in a

follow-up study using a larger dataset.
3 Results and discussion

3.1 Qualitative trait variation

The results indicated that the predominant average coat color

patterns of the identified Surma cattle were 82.0% spotted, followed

by 12.2% patchy and 5.2% plain. Surma cattle have a predominantly

red and white spotted coat color distribution (48.4%), followed by

white and black spotted (18.8), with other diverse colors including

fawn (16.7%), dark red (1.8%), and red and spotted (4.7%). As

shown in Table 3, there were no significant differences between

districts and agroecology and sex factors for both coat color pattern

and coat color distribution. The sampled Surma cattle had non-

uniform coat colors and only medium dewlap size. The hump size
TABLE 2 Sampled information for phenotypic characterization.

District No. of kebeles Morphological characterization Total

Male Female

Maji 4 64 (16/kebele) 128 (32/kebele) 192

Menit Shasha 4 64 (16/kebele) 128 (32/kebele) 192

Total 8 128 256 384
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TABLE 3 Morphological features of the indigenous Surma cattle populations reared in the study area.

Factor, F (%)
Production system

Overall

Sex

OverallAgro-pastoral:
n = 192

Pastoral:
n = 192

Male:
n = 128

Female:
n = 256

Coat color pattern

Plain 11 (5.7) 11 (5.7) 22 (5.7) 6 (4.7) 16 (6.2) 22 (5.7)

Patchy 26 (13.5) 21 (10.9) 47 (12.2) 16 (12.5) 31 (12.1) 47 (12.2)

Spotted 155 (80.7) 160 (83.3) 315 (82.0) 106 (82.6) 209 (81.6) 315 (82.0)

c2 ns ns

Coat
color distribution

Dark red 10 (5.2) 8 (4.2) 18 (4.7) 5 (3.9) 13 (5.1) 18 (4.7)

Red and spotted 5 (2.6) 2 (1.0) 2 (1.8) 2 (1.6) 5 (2.0) 2 (1. 8)

Fawn 24 (12.5) 24 (20.8) 64 (16.7) 22 (17.2) 42 (16.4) 64 (16.7)

White and
black spotted

44 (22.9) 28 (14.6) 72 (18. 8) 23 (18.0) 49 (19.1) 72 (18.8)

Red and
white spotted

109 (56.8) 114 (59.4) 93 (48.4) 76 (59.4) 147 (57.4) 93 (48.4)

c2 ns ns

Horn Presence 192 (100) 192 (100) 184 (100) 128 (100) 256 (100) 384 (100)

Horn shape

Strait 28 (14.6) 24 (12.5) 52 (13.5) 22 (17.2) 30 (11.7) 52 (13.5)

Curve 151 (78.6) 152 (79.2) 303 (78.9) 97 (75.8) 206 (80.5) 303 (78.9)

Lyre shape 13 (6.8) 16 (8.3) 29 (7.6) 9 (7.0) 20 (7.8) 29 (7.6)

c2 ns ns

Horn orientation

Tips
pointing laterally

9 (4.7) – 9 (2.3) 3 (2.3) 6 (2.3) 9 (2.3)

Upward 16 (8.3) 13 (6.8) 29 (7.6) 11 (8.6) 18 (7.0) 29 (7.6)

Downward 36 (18.8) 36 (18.2) 71 (18.5) 20 (15.6) 51 (19.9) 71 (18.5)

Forward–backward 131 (68.2) 144 (75.0) 275 (71.9) 94 (73.4) 181 (70.7) 275 (71.9)

c2 ** ns

Ear orientation
Lateral 66 (34.4) 52 (27.1) 118 (30.7) 39 (30.5) 79 (30.9) 118 (30.7)

Dropping 126 (65.6) 140 (72.9) 266 (69.3) 89 (69.1) 177 (69.3) 266 (69.3)

c2 ** ns

Hump
Absent – 3 (1.6) 3 (0.8) – 3 (1.2) 3 (0.8)

Present 192 (100) 189 (98.4) 381 (99.2) 128 (100) 253 (98.8) 381 (99.2)

c2 ns ns

Hump size

Small 137 (71.4) 141 (73.4) 278 (72.4) 28 (21.9) 250 (97.7) 278 (72.4)

Medium 54 (28.1) 48 (25.0) 102 (26.6) 99 (77.3) 3 (1.2) 102 (26.6)

Large 1 (0.5) – 4 (1) 1 (0.8) 3 (1.1) 4 (1.04)

c2 ns *

Dewlap size Medium 192 (100) 192 (100) 384 (100) 128 (100) 256 (100) 384 (100)

Tail size
Medium 19 (9.9) 18 (9.4) 37 (9.6) 11 (8.6) 26 (10.2) 37 (9.6)

Large 173 (90.1) 174 (90.6) 347 (90.4) 117 (91.4) 230 (89.8) 347 (90.4)

(Continued)
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varied from small to large and the udder size from small to medium

(Table 3). Highly contrasting coat color patterns were reported in

the study of the Arsi, Bale, and Jemjem cattle breeds in Ethiopia,

with the majority of the cattle population exhibiting a uniform coat

color (Mustefa et al., 2024b). Similarly, in a higher proportion of the

Guraghe and Jimma cattle populations, the majority of the cattle

populations possessed red-colored, uniform body color patterns

(Mustefa et al., 2024a). In addition to these, the Surma cattle

population was different from the Boran cattle population, which

possessed mainly white, light gray, fawn, or light brown with gray,

black, and brown coat colors, as well as shading on the head, neck,

shoulders, and hindquarters (Hussien et al., 2024).

The Surma cattle breed also displayed different qualitative traits

compared with the Raya cattle breed, which showed an upright, lyre-

shaped horn, a large dewlap, a naval flap, and perpetual sheath sizes,

as well as a dominant dark red body color with a uniform body color

pattern, except for the similarity in hump size (Mustefa et al., 2021).

In the study area, of the sampled cattle population, 100% of Surma

cattle has a curved horn, while 78.9% has a dominant horn shape,

followed by a straight (13.5%) and a lyre shape (7.6). Of the total

identified cattle, 71.9% had a forward–backward type of horn

orientation, 69.3% had a dropping ear orientation, 72.4% had a small
Frontiers in Animal Science 06
hump size, 100% had a medium dewlap size, 90.4% had a large tail size,

and 53.9% had a medium udder size. The findings of this study are in

agreement with those reported by Belayhun et al. (2024), where the

majority of the cattle population in northern Ethiopia had a small hump

size, a medium dewlap size, a dropping ear orientation, a large tail, and a

curved horn shape compared with those reared in the Bench Sheko zone,

southwestern Ethiopia, which are characterized by a plain coat color

pattern, a forward and upward horn orientation, a lateral ear orientation

(97.5%), and hump-less male cattle (Baye et al., 2022), as well as with the

cattle population in Semen Achefer, Sekela, and Jabitenan districts of the

Western Gojjam Zone of Amhara National Regional State (Tenagne et

al, 2016). In addition, the Surma cattle population has no permanent

settlement and adapted to different environments, while the Sheko cattle

population is environmentally adapted to the existing environment or a

to mixed production system (Bayou et al., 2014; Desta et al., 2011).
3.2 Morphometric measurements

The linear measurements for the Surma cattle populations from

the different districts and production systems, as well as different sex

factors, are presented in Table 4. The measured physical dimensions
TABLE 3 Continued

Factor, F (%)
Production system

Overall

Sex

OverallAgro-pastoral:
n = 192

Pastoral:
n = 192

Male:
n = 128

Female:
n = 256

c2 ns ns

Udder size (N = 256)
Small 153 (79.7) 24 (12.5) 177 (46.1) – 118 (46.1) 118 (46.1)

Medium 39 (20.3) 168 (87.5) 207 (53.9) – 138 (53.9) 138 (53.9)

c2 ** *
fro
F, frequency; ns, non-significant.
*p< 0.05, **p< 0.01.
TABLE 4 Body weight and linear body measurements (in centimeters) of the adult local cattle population in the study area.

Factor Trait

BW CG BL HW RH RL EL HL

District NS NS NS NS NS * NS NS

Maji 226.4 ± 3 148.3 ± 7.4 107.7 ± 6.5 111.5 ± 7.3 110.4 ± 7.0 19.8 ± 1.3 18.6 ± 1.1 24.9 ± 6.4

Shasha 220.4 ± 2.5 149.2 ± 7.9 108.8 ± 8.7 113.0 ± 8.4 111.5 ± 8.1 20.2 ± 1.7 18.3 ± 1.4 25.7 ± 6.9

Production system ** ** ** ** ** ** NS NS

Agro-pastoral 205.53 ± 2 a 144.96 ± 6.7a 105.17 ± 5.7a 109.25 ± 5.4a 107.46 ± 5.1a 19.52 ± 1.4a 18.53 ± 1.3 a 24.74 ± 6.9

Pastoral 241.5 ± 2.8b 152.52 ± 6.8b 111.37 ± 8.1b 115.32 ± 8.8b 114.48 ± 8.1b 20.47 ± 1.6b 18.42 ± 1.3 a 25.96 ± 6.3

Sex ** ** ** ** ** ** * **

Male 247.85 ± 4 a 153.66 ± 8.1a 112.40 ± 8.4a 116.85 ± 8.8a 115.51 ± 8.4a 20.73 ± 1.7a 18.70 ± 1.2a 21.43 ± 6.6a

Female 211.38 ± 2 b 146.28 ± 6.1b 106.20 ± 6.4b 110.00 ± 6.3b 108.70 ± 6.0b 19.63 ± 1.4b 18.36 ± 1.3b 27.32 ± 5.8b

Overall 223.54 ± 2 149.15 ± 7.16 108.60 ± 7.3 112.65 ± 7.5 111.34 ± 7.11 20.05 ± 1.6 18.48 ± 1.25 25.00 ± 6.6
*=p≤0.05, **=p≤0.01, a, b different superscripts between rows are significant (p≤0.05), Overall: the value of body weight and linear body measurement of Surma cattle population in the study area.
The bold letters across the row, labeled as “overall and other numeric values,” represent the total measured values of body weight and linear body dimensions of the Surma cattle population in the study area.
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are displayed in Figure 2. The overall least squares mean and standard

error values for CG, BL, HW, RH, RL, EL, and HL were 149.15 ± 7.16

cm, 108.60 ± 7.3 cm, 112.65 ± 7.5 cm, 111.34 ± 7.11 cm, 20.05 ± 1.6

cm, 18.48 ± 1.25 cm, and 25.00 ± 6.6 cm, respectively.
3.2.1 Effect of districts
The effect of districts in the study area is presented in Table 4.

Except for body weight (BW) and RL, there were no significant

differences in the BW, CG, BL, HW, RH, EL, and HL

measurements between districts. The values for BW, CG, BL,

HW, RH, RL, EL, and HL were 226.4 ± 3, 148.3 ± 7.4, 107.7 ± 6.5,

111.5 ± 7.3, 110.4 ± 7.0, 19.8 ± 1.3, 18.6 ± 1.1, and 24.9 ± 6.4 in

Maji and were 220.4 ± 2.5, 149.2 ± 7.9, 108.8 ± 8.7, 113.0 ± 8.4,

111.5 ± 8.1, 20.2 ± 1.7, 18.3 ± 1.4, and 25.7 ± 6.9 in Menit Shaha,

respectively. These non-significant differences between districts

may be due to the combined effects of agroecology, production

system, and the similar handling system of the cattle owners in the

study area. However, the results of this study are not consistent

with those from the indigenous cattle population in West Gondar,

Ethiopia, where significant differences were found among districts

in terms of the BL, WH, and CG of the cattle population (Emru

et al., 2020).
3.2.2 Effect of production system
Livestock production systems in Ethiopia are categorized into

pastoral, agro-pastoral, mixed crop–livestock, urban and peri-

urban, and specialized intensive farming. A livestock production

system comprises a group of farm operations with approximately

the same characteristics of climatic conditions and farming

practices (Esmael Ahmed et al., 2019). In Ethiopia, the pastoral

and agro-pastoral areas cover approximately 63% of the country’s

landmass and are characterized by variable and unpredictable

agroecology and resource attributes (Gelan, 2014).
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3.2.3 The pastoral system
Pastoralists live in arid and semi-arid regions of the country that

are not beneficial to rainfed agriculture (Abdulkadr, 2019).

Livestock are the main economic sources of pastoralists, and they

derive most of their income or sustenance from keeping livestock,

where most of the feed is natural forage rather than cultivated

fodders and pastures (Cervigni and Morris, 2016).
3.2.4 The agro-pastoral system
The agro-pastoral production system is practiced mainly in

semi-arid areas, and livelihood is derived from joint crop–livestock

operations. The majority lives within the marginal areas of the

country, on the fringes of the pastoral zone. Cattle and cropping are

complementary enterprises in the agro-pastoral system. As in the

pastoral community, large herds are a repository of savings and

confer status and security to the owners. Crops, on the other hand,

provide residues that are used to feed cattle during the drier periods

of the year (Pathot, 2020).

In this study, the production systems of animals had a significant

effect (p< 0.01) on the linear body measurements and live body

weight, except for EL and HL (Table 4). In the pastoral production

system, the values of BW (241.5), CG (152.52), BL (111.37), HW

(115.32), RH (114.48), and RL (20.47) of the cattle population were

higher compared with those of the cattle population in the agro-

pastoral production system. The production systems affect the body

weight and the linear body measurements of animals. In different

production systems, there are different feeding schemes and

availability of animal feed, which is inconsistent with seasonal

variations (Ayele et al., 2021). In the agro-pastoral production

system, the animals obtain feed from natural grazing land and crop

residues, while the animals in the pastoral production system obtain

feeds from natural grass, shrubs, and tree seed pods (Tolera and

Abebe, 2007). However, crop residues are characterized by a low-

quality nutritional composition, such as higher fiber contents. The
FIGURE 2

Physical dimension measurements of Surma cattle.
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feeding system had a significant influence on most of the features

analyzed, such as the average daily gain, carcass yield, and

conformation (Avilés et al., 2015). Therefore, animals from pastoral

production systems exhibit better quantitative measurements

compared with those from the agro-pastoral production system.

3.2.5 Effect of sex
The quantitative characteristics of cattle showed variations (p<

0.01 and p< 0.05) based on sex of cattle (Figure 2). Male cattle had

better (p< 0.01) BW, CG, BL, HW, RH, RL, HL, and EL (p< 0.05)

metric values than the female population, while female cattle had

better HL, BW, CG, BL, HW, RH, RL, and EL metric values than the

male population. The variations can also show the marked differences

between male and female cattle, as evidence for sexual dimorphism,

with the males (as expected) exhibiting greater measurements

(Lomillos and Alonso, 2020). Sex influences the growth and

composition of body tissues. As livestock mature, sex-related

differences in terms of muscle weight distribution emerge. Bulls

typically have a higher muscle-to-bone ratio compared to both

male and female calves (Firdaus et al., 2024a).

The metric values of CG, BL, HW, EL, and HL of the male and

female cattle in the study area were greater than those of the cattle

population in northern Ethiopia (Belayhun et al., 2024); however, male

and female cattle had lower metric values of BL, HW, EL, and HL and

higher metric values of CG compared with similar sex of the Raya cattle

population in northern Ethiopia (Mustefa et al., 2021). In addition, the

CG, BL, RH, and EL of the male and female cattle in this study had

lower values. However, the HL values were higher than those in the

male and female cattle populations, whereas the HW values were

higher in male cattle and lower in the female cattle population than

those of the indigenous cattle breed in the Borana Zone of Oromia

Regional State, Ethiopia (Hussien et al., 2024). The metric value

differences between sexes in the quantitative characterization of this

study might be due to hormonal differences, such as the estrogen and

testosterone in the animal body, including the effect of reproductive

physiology on body size (Texada et al., 2020). The Boran cattle

population comprises one of the best cattle populations for meat

production in Ethiopia (Mummed and Webb, 2019a). In this study,
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the Surma cattle population had better HL and HW (male) than the

Boran cattle population. Therefore, these Surma cattle may contribute

to the production of beef since improved beef cattle fattening practices

and profit-oriented fattening systems are not adopted in the study areas

and the administrative zone (Milikias and Gebre, 2024a).

Different lowercase letters between rows are significant (p ≤ 0.05).

BW, body weight; CG, chest girth; BL, body length; HW, height

at the withers; RH, rump height; RL, rump length; EL, ear length;

HL, horn length; NS, non-significant

*p ≤ 0.05, **p ≤ 0.01
3.3 Correlation of body measurement traits

Quantitative trait correlations for female and male Surma cattle

(Table 5) showed low negative to high positive values. In the female

sample population, the strongest degree of relationship was seen

between BW and CG (r = 0.928), followed by HW and RH (r =

0.922). There was also a strong relationship between BL and RH (r =

0.824), BL and HW (r = 0.832), CG and RH (r = 0.795), CG and HW

(r = 0.744), CG and RL (r = 0.684), CG and BL (r = 0.630), and BW

and RL (r = 625). The correlations between RH and RL (r = 0.591)

and between HW and RL (r = 0.532) were moderate. The implication

of these correlations is that an improvement in one parameter will

give a positive response to the other parameter. The correlation of the

linear body measurements can be used as a selection index to rank

cattle based on the comparative assessments of their growth rate or

performance for morphological traits (Yahaya et al., 2020).

In male cattle, the strongest degree of relationship was observed

between HW and RL (r = 0.974), followed by BW and CG

(r = 0.957), BW and BL (r = 0.936), BW and RH (r = 0.893), and

BW and HW (r = 0.886). There were also strong correlations

between RH and BL (r = 0.884), HW and BL (r = 0.882), CG and

BL (r = 0.799), CG and RH (r = 0.797), CG and HW (r = 0.787), and

CG and RL (r = 0.709). High and positive correlations between

traits are an important implication for simultaneous trait selection

in breeding programs and for synergetic improvement of traits in

cattle (Beavis et al., 2023).
TABLE 5 Correlations of the quantitative traits of Surma cattle (above diagonal for female cattle and below diagonal for male cattle).

Traits

Traits BW CG BL HW RH RL EL HL

BW 0.928** 0.873** 0.865** 0.895** 0.625** −0.003 0.017

CG 0.957** 0.630** 0.744** 0.795** 0.684** −0.039 0.121

BL 0.936** 0.799** 0.823** 0.824** 0.424** 0.045 −0.103

HW 0.886** 0.787** 0.882** 0.922** 0.532** 0.034 0.054

RH 0.893** 0.797** 0.884** 0.974** 0.591** 0.072 0.089

RL 0.644** 0.709** 0.493** 0.497** 0.504** 0.042 0.157*

EL 0.174* 0.168 0.161 0.201* 0.176* 0.051 −0.088

HL 0.315** 0.246** 0.362** 0.381** 0.367** 0.201* 0.118
*=p≤0.05, **=p≤0.01
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There was a strong and significant (p< 0.05) correlation between

several linear body measurement traits, suggesting that either of

these variables or their combinations could provide a good

estimation for the Surma cattle population for the prediction of

body weight traits from others. The correlations between the CG,

BL, HW, RH, and RL obtained in this study were higher compared

with the values reported in Tenagne et al, 2016. Similarly, Dereje

(2015) found moderate and significant (p< 0.001) positive

correlations among the linear body measurements for the Bako

Tibe and Gobu Sayo cattle. In this study, the correlations between

the linear body measurements can be effectively utilized to predict

body weight and improve the breeding strategies for the Surma

cattle population in the Bench Maji Zone.
4 Conclusion

It can be concluded from the findings of this study that the

predominant coat color pattern of the studied Surma cattle is

spotted followed by patchy and plain. Surma cattle have a

predominantly red and white spotted coat color distribution,

followed by white and black spotted, with other diverse colors

including fawn, dark red, and red and spotted. The sex of the

animals and the production system (agro-pastoral and pastoral) had

a significant effect on the body measurements. Thus, the mean

values of most of the quantitative variables were significantly

different between production systems, except for HL and EL, and

all of the measurements were significant between sexes. Therefore,

this study demonstrates that the Surma breed has a good and well-

framed body size in both male and female animals, which indicates

that this breed may be used for beef breed improvement. However,

conservation should be done to protect this cattle population prior

to breeding activities.
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