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Abstract: Bapedi sheep are at risk of extinction, which necessitates
thorough documentation to inform and drive effective conservation efforts.
We aimed to characterize Bapedi Sheep phenotypic characteristics using 231
Bapedi sheep (≥1 year of age) from Limpopo and Gauteng Provinces. The
Bapedi Sheep were grazed on natural pasture and the data was collected
during the autumn season. Qualitative and quantitative phenotypic
characteristics were collected through visual observation, weighing belt, and
measuring tape respectively. The data were analyzed and both the Bapedi
rams and ewes had no beards and toggles. A high proportion (88%) of
Bapedi rams used were polled. The Bapedi sheep had fat straight tails while
their body weight (BW) was positively correlated to the age, body condition
score (BCS), body length (BL), body depth (BD), body height (BH), heart
girth circumference (HGC) and rump width (RW). There was a strong
positive correlation (0.944) between the HGC and BW in Bapedi sheep.
Additionally, the HGC of the Bapedi sheep was positively correlated to the
age, BCS, BL, BD, BH, BW, RW, and testicular circumference (TC).
Subsequently, Bapedi sheep were characterized as multi-colored with white
bodies and brown heads being more dominant.

Keywords: Animal Genetic Resource (AnGR), Indigenous Sheep, Linear
Body Measurements, Qualitative Traits

Introduction
The Bapedi sheep are an integral contributor to food,

heritage, and genetic biodiversity in Southern Africa
(Nyamushamba et al., 2016). They are a valuable source
of genetic material since they are adapted to local harsh
environmental conditions, nutritional fluctuations, and
resistance to diseases and parasites (Soma et al., 2012).
Genetically adapted breeds such as Bapedi sheep can
provide genes needed for improving the performance and
health of commercial breeds (Zonabend König et al.,
2016). However, they are perceived as inferior. As a
result, they are being poorly managed and are currently
at risk of extinction (Mafolo et al., 2020). Due to the
increasing human population and the standard of living,
most farmers improve their farming practices by
crossbreeding and replacing their flocks with exotic
breeds (Leroy et al., 2016). However, the entire herd of
those few specialized breeds can be wiped out in the case
of a disease outbreak, leaving consumers hungry and the
country's economy in shambles (Letsoalo, 2017). In East
Africa, there was a severe drought in 2008 and 2009.
Exotic breeds, such as the Dorper, were nearly wiped

out; however, Indigenous breeds, such as the Red
Maasai, survived better (Zonabend König et al., 2016).
Zonabend König et al. (2017) also reported a higher
survival rate of indigenous sheep breeds (Red Maasai)
compared to exotic breeds (Dorper) and crossbreds at the
International Livestock Research Institute ranch in
(Nairobi) Kenya. Thus arises the need for the
conservation and sustainable use of Indigenous Animal
Genetic Resources (AnGRs) as they are hardy compared
to exotic animals (Ramukhithi et al., 2019).
Conservation of such indigenous genetic resources can
help slow down the loss of diversity and reduce
extinction while preserving AnGRs for future use
(Tamminen, 2015). In the quest for the conservation of
AnGRs, it is essential to describe the characteristics of
the breeds (Leroy et al., 2016). This is crucial in
describing and differentiating the breed from other
breeds and strains (Hassan et al., 2021). Phenotypic
characterization also serves as one of the guidelines for
genetically improving the low productivity of the breed
to satisfy the increasing demand (Michael et al., 2016).
In addition, it provides information on whether the
animals are suitable for selection, as some of them affect
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the reproductive performance of the animal (Galina &
Geffroy, 2023). Phenotypic characterization is divided
into qualitative and quantitative characteristics. Most of
the qualitative characteristics are very important for the
adaptation and survival of the animal (Ramukhithi,
2016). At the same time, the quantitative characteristics
differ depending on age, gender, and other environmental
factors (Mzimela et al., 2022). Few studies have been
conducted to study the qualitative and semen
characteristics of Bapedi sheep (Mafolo et al., 2020;
Maqhashu et al., 2024). However, there is limited
information on the quantitative phenotypic
characteristics of Bapedi sheep and the interaction
between qualitative and quantitative characteristics.
Therefore, further investigation on Bapedi sheep
phenotypic characterization is warranted for effective
conservation efforts.

Materials and Methods

Study Area

The study was conducted at four national
conservation farms: the Agricultural Research Council in
Gauteng Province, Tompi Seleka College, Towoomba
Research Station, and Mara Research Station, all in
Limpopo Province. Limpopo Province is situated at
2352” 21.2’ south, 2943” 52.8’ east, while Gauteng
Province is situated at 25” 55’ south, 28” 12’ east in
South Africa (Mafolo et al., 2020; Aminisarteshnizi,
2023). Gauteng Province is characterized by hot
summers (21.2-27°C) and mild winters (8-20°C)
(Chokoe et al., 2020). Limpopo Province is characterized
by hot summers (22-30°C) and mild winters (9.8-20 °C)
(Chokoe et al., 2020). Both provinces have an average
annual rainfall of 400-750 mm per annum (Chokoe et al.,
2020).

Management of the Experimental Animals

A total of 231 Bapedi sheep (≥1 year of age), which
consisted of 35 rams and 196 ewes, were used in the
current study. The animals were housed in group camps
based on gender and were grazed on natural pasture.
Where necessary, they were supplemented with lucerne
and provided with water and ad libitum. Data was
collected during autumn (March-May) while they were
in good condition. A randomized complete block design
was used to block all the other potential environmental
and management factors that may cause variations
(Harbur et al., 2023). During data collection, all the
experimental animals were confined in secured holding
pens. Data was collected from 08h00 in the morning
until around 10h00 to allow the animals to graze
afterward. The sheep were handled with care and in an
unforced position to allow them to be comfortable while
assessing. Phenotypic characteristics were observed and
recorded into two categories: qualitative and quantitative
characteristics. Qualitative characteristics such as the
condition of the coat cover, head, horns, ears, neck,

chest, testis, hindquarters, legs, tail, shoulder, torso,
udder, and teat appearance were visually observed (Akpa
et al., 2013). The Body Condition Score (BCS) was
determined based on a scale of 1 (very thin) to 5 (obese)
(Chun et al., 2012). Quantitative data, including linear
body measurements, were taken in a standing position
with heads raised, and the movement of the animals was
restricted (Akpa et al., 2012). The quantitative
characteristics were measured (cm) using a flexible tape
measure (Empisal EMT-001), and Body Weight (BW)
was measured (kg) using a weighing belt (Akpa et al.,
2012).

Statistical Analysis
The data were analyzed using the Statistical Analysis

System (SAS, 2019) version 9.4. The study used
descriptive statistics whereby qualitative characteristics
were expressed as frequencies and percentages, and
quantitative characteristics were expressed as means and
standard error (mean ± se). Pearson’s correlation was
used to determine the relationship among phenotypic
characteristics.

Results

Qualitative Characteristics of the Bapedi Sheep
Table (1) shows the qualitative phenotypic

characterization of Bapedi sheep (general appearance,
age, tail, and coat cover). Both Bapedi rams (97%) and
ewes (75%) had satisfactory BCS; some were fat, and a
few were very thin. There were no Bapedi sheep that
were obese. A relative number of ewes (30%) and rams
(31%) were 4 years old, whereas 28% of ewes and 26%
of rams were above 5 years old. Most ewes (98%) and
rams (86%) had straight tails. Most rams (91%) and ewes
(*7%) did not have any ticks. There was an average
proportion of ewes (69%) and rams (49%) with average
coat cover conditions. Additionally, ewes (27%) and
rams (51%) had shiny coat covers. Most rams (97%) and
ewes (88%) had medium fiber coats. Most ewes (93%)
and rams (97%) had a combination of two colors on their
body; white color was dominating in Bapedi ewes (88%)
and rams (97%). Most Bapedi ewes (92%) and rams
(94%) had a brown head, while some Bapedi ewes (5%)
and rams (6%) had a white head. There were traces of
Bapedi ewes (4%) that had blackheads; however, no
traces of blackheads were recorded in Bapedi rams. A
high proportion of the Bapedi ewes (80%) and rams
(91%) had a brown head and white body.

Table (2) Shows the skin parameters of Bapedi sheep.
Most ewes (46%) had average skin sizes, whereas most
rams (60%) had big and loose skin sizes. Most rams
(63%) had thick skin, whereas an average number of
Bapedi ewes (47%) had average skin. Most of Bapedi
ewes (95%) and rams (80%) had no neck and chest folds.
A high proportion of ewes (89%) and rams (66%) were
red on the hairless skin part; however, there were traces
of black color on the skin color of Bapedi ewes (10%)
and rams (34%).
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Table 1: General appearance, age, tail, and coat cover parameters of
Bapedi sheep (%)

Characteristics Categories Sex
Ewes (n
= 196)

Rams
(n = 35)

1. General
Appearance

Body condition score Very thin (1) 2 0
Thin (2) 15 0
Satisfactory
(3)

75 97

Fat (4) 8 3
Very fat (5) 0 0

2. Age Year (s) (counting the
number of permanent
incisors)

1 2 20
2 21 14
3 19 9
4 30 31
> 5 28 26

3. Tail Appearance Straight 98 86
Skew 2 14
None 87 91

Ticks 1 5 6
2 4 3
3 2 0
4 2 0

4. Coat cover Appearance Coarse 4 0
Average 69 49
Glossy and
shine

27 51

Length Short 0 0
Medium 88 97
Long 12 3

Color Single 6 3
Two 93 97
More 1 0

Main color White 88 97
Black 2 0
Brown 11 3

Head color Brown 92 94
White 5 6
Black 4 0

Color combination
(head x body)

Brown &
White

80 91

Black &
White

3 0

Black &
Brown

1 0

Brown only 11 3
Black only 1 0
White only 4 6

Table (3) shows the head, horns, and ears parameters
of Bapedi sheep. A high proportion of ewes (83%) had
straight noses and forehead shapes, whereas only 37% of
Bapedi rams had the same condition. Additionally, 60%
of rams and 18% of ewes had convex nose and forehead
shape. A high proportion of the ewes (99%) and rams
(89%) had brown eyes with an average width and eye
banks.

Table (4) shows the neck, chest, hind quarter,
shoulder, torso, and leg parameters of Bapedi sheep.
Most rams (74%) and ewes (91%) had a fleshed neck.
Additionally, 8% of Bapedi ewes had a thin neck,
whereas 26% of Bapedi rams were well fleshed. Bapedi

ewes (53%) and rams (57%) had narrow chest widths,
whereas 34% of both the Bapedi ewes and rams had
average chest widths. There was a higher proportion of
Bapedi ewes (78%) and rams (77%) that had an ideal
attachment of the shoulder and torso. There was a high
proportion of Bapedi rams (80%) and ewes (60%) that
moderately wither at the top of the shoulder and torso.
Additionally, ewes (54%) and rams (63%) had
cylindrical torsos. Most rams (97%) and ewes (98%) had
straight topline. Most rams (60%) and ewes (59%) had
an average rump, whereas 37% of both Bapedi ewes and
rams had sloped rump. Additionally, there were traces of
Bapedi ewes (4%) and rams (3%) with straight rump. A
high proportion of ewes (70%) had long hindquarters
length, whereas a high proportion of rams (74%) had
average hindquarters length. A high proportion of ewes
(79%) and rams (83%) had average hindquarters width.
Forty-six percent of ewes had short and flat buttocks,
whereas 49% of rams had well-fleshed round buttocks.
Table 2: Skin parameters of Bapedi sheep (%)

Characteristics Categories Sex
Ewes (n =
196)

Rams (n
= 35)

5. Skin Size Small and tight 28 11
Average 46 29
Big and loose 26 60

Thickness Thin 27 8
Average 47 29
Thick 26 63

Neck and chest folds None 95 80
Few 5 20

Pigmentation ratio:
eyelids

< 25 % 78 89
26 - 75% 22 11
> 75 % 0 0

Pigmentation ratio: top
line

< 25 % 1 0
26 - 75 % 99 100
> 75 % 0 0

Pigmentation ratio:
bottom line

< 25 % 1 0
26 - 75 % 99 100
> 75 % 0 0

Pigmentation ratio: leg < 25 % 1 0
26 - 75 % 99 100
> 75 % 0 0

Pigmentation ratio:
under the tail

< 25 % 1 0
26 - 75 % 99 100
> 75 % 0 0

The skin color on the
hairless part

Black 10 34
Brown 1 0
Red 89 66
White 0 0
Fully covered
with hair

0 0

Table (5) shows the leg parameters (qualitative) of
Bapedi sheep (%). A high proportion of ewes (87%) and
rams (86%) had average leg diameter. All rams had
normal legs, and only 1% of ewes had X-legged
abnormalities. Most ewes (96%) and rams (94%) had
average pasterns. Most rams (94%) and ewes (96%) had
ideal hocks with average hooves sizes. Additionally,
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there was a higher proportion of ewes (87%) and rams
(82%) with good and shiny hooves conditions. Half of
Bapedi ewes had well-worn hooves, whereas 44% had
good hooves length. On the other hand, an average
proportion of Bapedi rams had good hooves length, and
31% had well-worn hooves.
Table 3: Head, horns, and ears parameters of Bapedi sheep (%)

Characteristics Categories Sex
Ewes (n =
196)

Rams (n =
35)

6. Head Nose and forehead
shape

Convex 18 60
Straight 82 37
Concave 0 3

Eye color Brown 99 89
Blue 1 11

Eye width Narrow 6 11
Average 93 89
Wide 1 0

Eye banks Absent 37 23
Average 63 77
Distinct 0 0

Look in the eye Untamed 16 3
Tamed 84 97

Nostrils Small and
closed

40 46

Wide and open 60 54
Shape of mouth Narrow 4 09

Average 96 91
Wide 0 0

Lower jaw Undershot 2 3
Fits well 97 97
Overshot 1 0

Beards Absent 100 100
Present 0 0

Toggles Absent 99 86
Present 1 14

7. Horns Type Horned 0 2
Polled 100 88
Horn buds 0 9

Growth direction Backwards X 3
Sideways X 0
Upright X 0

Color Dark X 0
Light X 100

Deviation Undamaged X 100
Damaged X 0

8. Ears Size Short 2 3
Average 86 97
Long 12 0

Direction Soft hanging 8 9
Stiff sideways 91 91
Stiff upwards 1 0

Folds Lengthwise 28 63
Breadth wise 72 37

X = not found

Table (6) shows the testis and udder parameters of
Bapedi sheep (%). Ninety-seven percent of rams had
well-balanced testis, while the other 3% had unequal
size. Forty-nine percent of Bapedi rams had large testis.
All rams had a good attachment to the testis. Ninety-one

percent of rams had a straight conformation of the testis,
while the other 9% was twisted. There was a higher
proportion of rams (97%) which had hair covering the
testis. Ninety-one percent of rams had no ticks. Most
ewes (75%) had a good attachment to the udder, with
99% having no damage to their udder. There was a high
proportion of ewes (99%) with two healthy teats, and
93% had hair covering almost all the udder. There was a
high proportion of ewes (98%) with no ticks on the
udder, whereas 2% of them had only one tick.
Table 4: Neck, chest parameters, hind quarter and shoulder, torso of

Bapedi sheep (%)

Characteristics Categories Sex
Ewes (n
= 196)

Rams (n
= 35)

9. Neck Length Short 1 0
Average 84 94
Long 15 6

Shape Thin 8 0
Fleshed 91 74
Well fleshed 1 26

10. Chest Width Narrow 53 57
Average 34 34
Wide 13 9

Depth Shallow 42 54
Average 42 37
Deep 16 9

11. Shoulder and
torso

Attachment to
the body

Loose 2 0
Average 20 23
Ideal 78 77

Withers at the
top

Sharp 9 3
Moderate 60 80
Broad 31 17

Torso Narrow 44 37
Cylindrical 54 63
Broad and Deep 2 0

Topline Pinched 1 0
Straight 98 97
Hollow 1 3

12. Hind quarters Rump Sloped 37 37
Average 59 60
Straight 4 3
Roofy 0 0

Length Short 16 12
Average 14 74
Long 70 14

Width Narrow 7 3
Average 79 83
Broad 14 14

Buttocks and
thighs

Short and flat 46 31
Long and flat 29 20
Well-fleshed
and round

25 49

Table (7) shows the phenotypic quantitative
characteristics of Bapedi ewes and rams (Mean ± SE).
The average age for ewes and rams used in the current
study was 3.8 years and 3.6 years, respectively. The BCS
of the Bapedi ewes and rams was recorded as 2.9 and
3.0, respectively. The weight of the Bapedi rams and
ewes used in the study were 62.6 and 45.0 kg,
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respectively. Linear body measurements recorded on
Bapedi rams included BL (79.4 cm), BH (69.8 cm), BD
(24.2 cm), HGC (90.6 cm), and RW (22.8 cm),
respectively. While linear body measurements recorded
on Bapedi ewes used in the study were BL (65.6 cm),
BH (65.5 cm), BD (19.3 cm), HGC (81.5 cm), and RW
(18.7 cm), respectively. The TC of the Bapedi rams
recorded in the current study was 29.2 cm, while the teat
length of the Bapedi ewes was 1.7 cm. The TL of the
Bapedi ewes and rams recorded in the study was 32.1
and 33.5 cm, respectively.
Table 5: Legs parameter of Bapedi sheep (%)

Characteristics Categories Sex
Ewes (n = 196) Rams (n = 35)

Diameter Thin 12 9
Average 87 86
Thick 1 5

Front Normal 99 100
X legged 1 0
Bow legged 0 0

Pasterns Short 5 3
Average 94 94
Long 1 3

Hocks Ideal 96 94
Post legged 4 6
Cow hocked 0 0

Hooves size Small (1-2 mm thick) 9 14
Average (2-3 mm thick) 88 63
Big (3-4 mm thick) 3 23

Hooves condition Poor 5 9
Average 8 9
Good and shiny 87 82

Hooves length Well worn 50 31
Good 44 54
Too long 6 15

Table (8) shows the Pearson's correlation coefficient
values among phenotypic quantitative characteristics of
Bapedi sheep (rams and ewes). The age of the Bapedi
sheep was significantly (p<0.05) positively correlated to
BL (r = 0.218), BD (r = 0.204), BH (r = 0.286), HGC (r
= 0.303) and RW (r = 0.221). The BCS of the Bapedi
sheep was significantly (p<0.05) positively correlated to
BW (r = 0.150), HGC (r = 0.303), and TL (r = 0.162).
While the BL was significantly (p<0.05) positively
correlated to the BD (r = 0.606), BH (r = 0.511), BW (r =
0.664), HGC (r = 0.622), RW (r = 0.410), HLW (r =
0.311), TL (r = 0.177) and a negative significant
(P<0.05) correlation with HLLBH (r = 0.144). The BD
of Bapedi sheep was significantly (p<0.05) high
positively correlated to BW (r = 0.811), HGC (r = 0.811),
and RW (r = 0.722), and a significant (p<0.05)
negatively correlated to HLL (r = 0.155) and HLLBH (r
= 0.139). Body height (BH) of the Bapedi sheep was
significantly (p<0.05) positively correlated to the BW
(0.565), HGC (r = 0.568), RW (r = 0.356), HLL (r =
0.333), HLLBH (r = 0.182), HLLBK, (r = 0.170) and TL
(r = 0.293). The BW of the Bapedi sheep was
significantly (p<0.05) high and positively correlated to

HGC (r = 0.927). The HGC of the Bapedi sheep was
significantly (p<0.05) positively correlated to RW (r =
0.672), HLW (r = 0.239) and TL (r = 0.247). The Rump
Width (RW) of the Bapedi sheep was significantly
(p<0.05) positively correlated to HLW (r = 0.183), TL (r
= 0.215), and a significant (p<0.05) negatively correlated
to the HLL (r = 0.330). Hind Leg Width (HLW) of the
Bapedi sheep was significantly (p<0.05) positively
correlated to HLLBK (r = 0.134) and a significant
(p<0.05) negatively correlated to HLL (r = 0.267). Hind
Leg Length (HLL) of the Bapedi sheep was significantly
(p<0.05) positively correlated to HLLBH (r = 0.143),
while HLLBH was significantly (p<0.05) positively
correlated to HLLBK (r = 0.289).
Table 6: Testis and udder parameters of Bapedi sheep (%)

Characteristics Categories Sex
Ewes (n =
196)

Rams (n =
35)

15. Testis General
Appearance

Unequal in size X 3
Well-
balanced/equal

X 97

Size Small (10-20 cm) X 2
Normal (20-30
cm)

X 49

Large (30-40 cm) X 49
Attachment Poor X 0

Good X 100
Twist Twisted X 9

Straight X 91
Hair None X 0

Few X 3
Almost covered X 97

Ticks None X 91
1 X 0
2 X 3
3 X 0
4 X 3
5 X 3

16. Udder General
Appearance

Small (15-25 cm) 40 X
Average (25-35
cm)

45 X

Big (35-45 cm) 15 X
Attachment Poor 4 X

Average 21 X
Good 75 X

Damaged None 99 X
1 1 X
2 0 X

Healthy teats 1 1 X
2 99 X

Hair None 6 X
Few 1 X
Almost covered 93 X

Ticks None 98 X
1 2 X
2 0 X
3 0 X

X = not found
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Table 7: Phenotypic quantitative characteristics of the Bapedi sheep
breed (mean ± se)

Characteristics Categories Sex
Ewes (n = 196) Rams (n = 35)

Age 3.8 ± 0.1 3.6 ± 0.4
Body Condition score 2.9 ± 0.0 3.0 ± 0.0

Weight (Kg) 45.0 ± 0.9 62.6 ± 2.4
Length 65.6 ± 0.6 79.4 ± 1.4
Height 65.5 ± 0.3 69.8 ± 0.7
Depth 19.3 ± 0.3 24.2 ± 0.9

Heart girth Circumference 81.5 ± 0.7 90.6 ± 1.4
Rump Width 18.7 ± 0.4 22.8 ± 1.1
Hind leg Width 12.5 ± 0.1 14.5 ± 0.3

Length 51.6 ± 0.3 53.3 ± 0.7
Length below hock 24.7 ± 0.1 24.5 ± 0.2
Length below knee 20.0 ± 0.1 20.2 ± 0.2

Testis Circumference X 29.2 ± 0.7
Teat Length 1.7 ± 0.0 X
Tail Length 32.1 ± 0.1 33.5 ± 0.7

X = not found

Table (9) shows Pearson's correlation coefficient
values among phenotypic quantitative characteristics of
Bapedi ewes. Age of the Bapedi ewes was positively
correlated to BL (r = 0.250), BD (r = 0.224), BH (r =
0.207), BW (r = 0.337), HGC (r = 0.328) and RW (r =
0.225). The BCS of the Bapedi ewes was significantly
(P<0.05) negatively correlated to BL (r = 0.200) and
significantly (p<0.05) positively correlated to age (r =
0.250), HGC (r = 0.143), and TL (r = 0.176). The BL of
the Bapedi ewes was significantly (P<0.05) positively

correlated to BD (r = 0.562), BH (r = 0.423), BW (r =
0.609), HGC (r = 0.564), RW (r = 0.398), HLW (r =
0.229), TL (r =0.168). The BD of the Bapedi ewes was
significantly (P<0.05) positively correlated to BH (r =
0.370), BW (r = 0.821), HGC (r = 0.809), RW (r =
0.715), HLW (r = 0.199), TL (r = 0.223) and significantly
(P<0.05) negatively correlated to HLL (r = 0.281). The
BH of the Bapedi ewes was significantly (P<0.05)
positively correlated to all the quantitative characteristics
except the BCS. The BW of Bapedi ewes was
significantly (p<0.05) positively correlated to HGC (r =
0.944), RW (r = 0.699), HLW (r = 0.144), TL (r = 0.262),
and significantly (p<0.05) negatively correlated to HLL
(r = 0.105). The HGC of the Bapedi ewes was
significantly (p<0.05) positively correlated to age (r =
0.328), BCS (r = 0.143), BL (r = 0.564), BD (r = 0.809),
RW (r = 0.669), BW (0.944), TL (r = 0.302) and
significantly (p<0.05) negatively correlated to HLL (r =
0.469). Rump width (RW) of the Bapedi ewes was
significantly (p<0.05) positively correlated to HLW (r =
0.110), TL (r = 0.265), and significantly (p<0.05)
negatively correlated to HLL (r = 0.469). Hind leg length
(HLL) of the Bapedi ewes was significantly (p<0.05)
positively correlated to HLLBH (r = 0.252) and HLLBK
(r = 0.156). The teat length of the Bapedi sheep was
significantly (P<0.05) positively correlated to BL (r =
0.390), BD (r = 0.223), BH (r = 306), BW (r = 496),
HGC (r = 0.478), RW (r = 0.224) and significantly
(p<0.05) negatively correlated to HLLBK (r = 0.163).

Table 8: Overall Pearson correlation coefficient values among phenotypic quantitative of Bapedi sheep (rams and ewes)

Variables Age BCS BL BD BH BW HGC RW HLW HLL HLLBH HLLBK TL
Age 1
BCS -0.118 1
BL 0.218* -0.109 1
BD 0.204* 0.108 0.606* 1
BH 0.231* 0.013 0.511* 0.450* 1
BW 0.286* 0.150* 0.664* 0.814* 0.565* 1
HGC 0.303* 0.158* 0.622* 0.811* 0.568* 0.927* 1
RW 0.221* 0.082 0.410* 0.722* 0.356* 0.691* 0.672* 1
HLW 0.076 -0.049 0.311* 0.286* 0.130 0.253* 0.239* 0.183* 1
HLL -0.016 -0.024 0.061 -0.155* 0.333* -0.013 -0.012 -0.330* -0.267* 1
HLLBH -0.011 0.091 -0.144* -0.139* 0.182* -0.065 -0.037 -0.111 -0.026 0.143* 1
HLLBK 0.047 0.003 0.080 0.080 0.170* 0.131* 0.082 0.127 0.134* 0.115 0.289* 1
TL 0.069 0.162* 0.177* 0.210* 0.293* 0.177* 0.247* 0.215* -0.003 0.019 0.079 0.003 1

* Significant at P < 0.05. BCS = Body condition score, BL = Body length, BD = Body depth, BH = Body height, BW = Body weight, HGC =
Height girth circumference, RW = Rump width, HLW = Hind leg width, HLL = Hind leg length, HLLBH = Hind leg length below hock,
HLLBK = Hind leg length below knee and TL = Tail length

Table (10) shows Pearson’s correlation coefficient
values among phenotypic quantitative characteristics of
Bapedi rams. Age of the Bapedi rams was significantly
(p<0.05) positively correlated to the BL (r = 0.387), BH
(r = 0.451), HGC (r = 0.376), and TC (r = 0.490). Body
length (BL) of the Bapedi rams was significantly
(p<0.05) positively correlated to BD (r = 0.479), BH (r =
0.620), HGC (r = 0.691), HLW (r = 0.471), HLL (0.370),

TL (r = 0.355) and TC (r = 0.444). Body depth (BD) of
the Bapedi rams was significantly (p<0.05) positively
correlated to BH (r = 0.565), BW (r = 0.648), HGC (r =
0.699), RW (r = 0.696), HLW (r = 0.592), HLL (r =
0.325) and TC (r = 0.541). Body height (BH) of the
Bapedi rams was significantly (p<0.05) positively
correlated with BW (r = 0.494), HGC (r = 0.640), RW (r
= 0.519), HLW (r = 0.608), HLL (r = 0.666), TL, (r =
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0.440) and TC (r = 0.477). Body Weight (BW) of the
Bapedi rams was significantly (p<0.05) positively
correlated to HGC (r = 0.841), RW (r = 0.621), HLW (r =
0.564), and TC (r = 0.415). Heart Girth Circumference
(HGC) of the Bapedi rams was significantly (p<0.05)
positively correlated to RW (r = 0.591), HLW (r = 0.692)
and TC (r = 0.584). Rump Width (RW) of the Bapedi
rams was significantly (p<0.05) positively correlated to

HLW (r = 0.480), HLL (r = 0.376), TC (r = 0.512) and
significantly (p<0.05) negatively correlated to HLBH (r
= 0.429). Hind leg width (HLW) of the Bapedi rams was
significantly (p<0.05) positively correlated to HLL (r =
0.518), HLLBK (r = 0.484), and TC (r = 0.342). Hind
Leg Length (HLL) of the Bapedi ram was significantly
(p<0.05) positively correlated to TL (r = 0.378) and TC
(r = 0.357).

Table 9: Pearson’s correlation coefficient values among phenotypic quantitative characteristics of Bapedi ewes

Parameters Age BCS BL BD BH BW HGC RW HLW HLL HLLBH HLLBK TL Teat L
Age 1
BCS -0.139 1
BL 0.250* -0.200* 1
BD 0.224* 0.090 0.562* 1
BH 0.207* -0.015 0.423* 0.370* 1
BW 0.337* 0.135 0.609* 0.821* 0.519* 1
HGC 0.328* 0.143* 0.564* 0.809* 0.516* 0.944* 1
RW 0.225* 0.083 0.398* 0.715* 0.287* 0.699* 0.669* 1
HLW 0.073 -0.067 0.229* 0.199* 0.015* 0.144* 0.143* 0.110* 1
HLL -0.041 -0.035 -0.043 -0.281* 0.266* -0.105* -0.149* -0.469* 0.005 1
HLLBH 0.073 0.114 -0.147* -0.110 0.271* -0.027 -0.095 -0.038 -0.052 0.252* 1
HLLBK 0.050 0.003 -0.016 -0.071 0.215* -0.004 -0.039 0.039 0.050 0.156* 0.373* 1
TL 0.028 0.176* 0.168* 0.223* 0.274* 0.262* 0.302* 0.265* 0.032 -0.064 0.083 -0.011 1
Teat L 0.092 0.006 0.390* 0.223* 0.306* 0.496* 0.478* 0.224* 0.201** -0.080 0.024 -0.163* 0.036 1

* Significant at P < 0.05. BCS = Body condition score, BL = Body length, BD = Body depth, BH = Body height, BW = Body weight, HGC =
Height girth circumference, RW = Rump width, HLW = Hind leg width, HLL = Hind leg length, HLLBH = Hind leg length below hook,
HLLBK = Hind leg length below knee, TL = Tail length and Teat L = Teat length

Table 10: Pearson’s correlation coefficient values among phenotypic quantitative characteristics of Bapedi rams

Parameters Age BCS BL BD BH BW HGC RW HLW HLL HLLH HLLK TL TC
Age 1
BCS 0.032 1
BL 0.387* 0.254 1
BD 0.257 0.000 0.479* 1
BH 0.451* -0.015 0.620* 0.565* 1
BW 0.329 -0.030 0.216 0.648* 0.494* 1
HGC 0.376* 0.058 0.691* 0.699* 0.640* 0.841* 1
RW 0.276 -0.203 0.127 0.696* 0.519* 0.621* 0.591* 1
HLW 0.183 -0.194 0.471* 0.592* 0.608* 0.564* 0.692* 0.480* 1
HLL 0.141 -0.100 0.370* 0.325* 0.666* 0.142 0.334 0.376* 0.518* 1
HLBH -0.312 -0.103 -0.075 -0.226 -0.140 -0.154 -0.107 -0.429* -0.004 -0.211 1
HLLBK 0.064 -0.124 -0.111 -0.263 0.051 0.267 0.266 0.264 0.484* 0.041 0.270 1
TL 0.191 0.141 0.355* 0.204 0.440* -0.100 0.031 0.018 0.193 0.378* 0.066 0.021 1
TC 0.490* -0.049 0.444* 0.541* 0.477* 0.415* 0.584* 0.512* 0.342* 0.357* -0.269 -0.116 0.176 1

* Significant at P < 0.05. BCS = Body condition score, BL = Body length, BD = Body depth, BH = Body height, BW = Body weight, HGC =
Height girth circumference, RW = Rump width, HLW = Hind leg width, HLL = Hind leg length, HLLBH = Hind leg length below the hock,
HLLBK = Hind leg length below knee, TL = Tail length and TC = Testis circumference

Discussion

Qualitative Characteristics

The Bapedi sheep (rams and ewes) used in this study
had satisfactory BCS, and none were very fat (> four
obesity) or thin. Obesity in rams usually causes low
libido and susceptibility to heat stress (Letsoalo, 2017).
The study found that Bapedi rams (97%) and ewes
(93%) used in the study were multi-colored, with a white

coat and a brown head being more dominant. These
results are similar to the description documented in
previous studies (Almeida, 2011). However, some of the
Bapedi sheep can either have only one color or a
combination of all these colors (black, brown, and
white). Coat color plays a vital role in heat absorption
and heat loss, especially in high ambient temperate
environments (Akpa et al., 2013). It has been stipulated
that lighter colors absorb less heat than darker colors,
thus resulting in more adaptation and prevalence of
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whiter Bapedi sheep. On the contrary, in other countries
such as Ethiopia, black sheep are more dominant as they
are cold, and the absorption of solar radiation helps
maintain optimum body temperature (Hailemariam et al.,
2018).

The Bapedi sheep used in the study had a glossy
medium-length coat cover. According to Akpa et al.
(2013), hair type (especially short or medium hair
length) plays a vital role in avoiding external parasites,
thus resulting in higher body weight. However, one of
the disadvantages of glossy hair is that it is less adaptable
to hot climates, resulting in less production in hot
ambient temperatures (Ramukhithi, 2016). Smooth hair
was also observed in indigenous sheep types in Ethiopia
(Michael et al., 2016). Most of the Bapedi ewes (47%)
had average skin size, while Bapedi rams (63%) had big
and loose thick skin. Only 9% of the Bapedi rams had
ticks on the testis, while 2% were found on the udder of
the ewes. This may be due to the big and loose, thick
skin found in Bapedi rams, which is mostly associated
with the prevalence of ticks (Ramukhithi et al., 2019).
However, the Bapedi sheep showed good resistance to
ticks, as expected. The eyelid, top line, bottom line, leg,
and under tail pigmentation ratio of both the Bapedi
sheep (rams and ewes) was good, and the skin color was
mostly red, which showed that there were no internal
parasites. A high proportion of Bapedi sheep, both rams
and ewes, had brown eyes, with a lower proportion
having blue eyes (Cloete, 2016). As expected, a high
proportion of Bapedi sheep used in the experiment were
tamed, and their lower jaw fit well.

Most of the Bapedi ewes (82%) had a straight nose
and forehead shape, whereas the Bapedi rams (60%) had
a convex nose and forehead. These characteristics have
also been reported by Indigenous sheep in Northern
Ethiopia where the sheep were characterized as straight
heads with slightly convex shapes in male sheep
(Michael et al., 2016). The Bapedi sheep had average ear
sizes that were stiff and hanging sideways with
lengthwise and breadthwise folds. This horizontal ear
orientation has been reported in Tswana sheep in
Southern Botswana (Moreki et al., 2016) and Zulu sheep
across different locations of Kwazulu-Natal in South
Africa (Mavule, 2012). The Bapedi sheep (rams and
ewes) used in the study had moderate neck lengths and
were well-fleshed. The well-fleshed neck was expected
as most of the Bapedi sheep had a good BCS. Both
Bapedi rams and ewes had narrow to average chest width
with a shallow to average depth. Their shoulder
moderately withers at the top with an ideal attachment,
while the torso is cylindrical to narrow, and the top line
is straight.

The Bapedi sheep lacked beards, and a significant
number of both rams and ewes also had no toggles.
These traits are comparable to those observed in
Indigenous sheep in Northern Ethiopia (Michael et al.,
2016). In small stock (goats), toggles and beards are very

vital for thermoregulation and are associated with
reproductive traits (such as higher conception rates, litter
size, and milk yield) (Chokoe et al., 2020). As expected,
the Bapedi ewes used in the study were polled, as horns
are usually found in males, and those that had horns were
growing backward and were light in color. On the
contrary, the presence of horns has been reported in
female Balami sheep of Maiduguri in Nigeria (Dauda et
al., 2018). Horns that grow backward were also reported
on Tswana sheep in Southern Botswana (Moreki et al.,
2016). While on indigenous Ethiopian sheep, a high
proportion had curved horns, while a low proportion had
straight horns (Michael et al., 2016). According to
Kunene et al. (2007), the production of horns utilizes the
energy that could be used for meat production. In that
essence, Bapedi sheep are likely to have increased
energy for production since they are predominantly
polled. While horns can offer advantages such as
protection against predators and aiding in heat regulation
through blood circulation (Ramukhithi, 2016), the
absence of horns may allow these sheep to allocate more
energy towards growth and productivity. A high
percentage (91%) of both the Bapedi ewes and rams had
ears that were stiff and hanging sideways. The horizontal
ear form was also reported in Gamo highland sheep in
South Ethiopia (Dea et al., 2023).

The Bapedi sheep used in the study had average hoof
sizes that were well-worn and shiny, indicating good
hoof health. The exceptional condition of the hooves
proves that the farms implement good management
practices, as hooves require regular trimming to prevent
lameness. The study found that Bapedi sheep had fat,
straight tails, as expected. The results of this study
concur with the findings from Soma et al. (2012) that
Bapedi sheep had fat straight tails. The fat tail in sheep
breeds is an adaptive characteristic for energy
reservation, and it allows the sheep to survive feed
fluctuations throughout the year and in times of drought,
while the type of tail only depends on genetics (Moreki
et al., 2016). In the past, the fat found in the tail was
used as cooking oil and a source of dietary energy
(Khaldari et al., 2020). Recently, in commercial sheep
production, tail docking has become common to prevent
fat accumulation and enhance other economically
important traits (Fisher & Roadknight, 2024).

The study found that 97% of the Bapedi rams had
well-balanced testis, and 98% of those had normal to
large testis with proper attachment and adequate hair
coverage. The testes were firm, mobile within the
scrotum, and of suitable size, indicating a healthy
condition (Ramukhithi, 2016). The Bapedi rams are not
prone to ticks, as 91% of those used in the study had no
ticks. A high proportion of the Bapedi ewes used in the
study had small udder to average udder size with good
attachment and no damages. Almost all of the ewes had
two healthy teats, hair covering almost all the udder, and
no ticks. Similar results were found on Tankwa goats at
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Carnarvon Research Station (Ramukhithi, 2016). The
good condition of the udder and testis was not a surprise
since, in most conservation farms, good quality care and
management practices are being followed. Therefore,
there was no chance for ticks and lice to feed on the
hairless skin (Kumar et al., 2024).

Quantitative Characteristics

Linear body measurements have been used to
phenotypically characterize small ruminants across the
world as they provide morphometric information on the
breed (Moreki et al., 2016). At the same time, their
correlations can be used to determine the genetic
potential of the breed in trait improvement programs
(Moreki et al., 2016). Age usually influences linear body
measurements as it often results in a bigger body
structure as the animal grows older (Dauda et al., 2018).
Similarly, the age of Bapedi sheep (rams and ewes) was
positively correlated to the BL, BD, BH, BW, HGC, and
RW. Similar results were reported by Kunene et al.
(2007), where age contributed to the variation in linear
body measurements of Zulu sheep. However, this study
found that there was no significant (p˃0.05) correlation
between age and the BCS of the Bapedi sheep. The
Bapedi ewes and rams used in the study had a body
condition score of 3.8±0.1 and 3.6±0.4, respectively.
Additionally, the study recorded a lower significant
(p<0.05) correlation with BW, HGC, and TL on Bapedi
sheep. The Bapedi rams and ewes used in the current
study had a BW of 62.6±2.4 and 45.0±0.9 kg,
respectively. These results show that the Bapedi sheep
are heavier than the Tswana sheep (38.93±2.4 kg)
(Moreki et al., 2016) and the indigenous sheep in
Northern Ethiopia (29.0±0.2 kg) (Michael et al., 2016).
The current data was collected in autumn at a time when
there was enough feed and water, which has a major
impact on the growth of animals, hence the higher
weight of Bapedi sheep. The BL (65.6±0.6; 79.4±1.4 cm)
and RW (18.5±0.7; 22.8±1.1 cm) of the ewes and rams
recorded in the current study are higher than those of
Indigenous Tswana sheep over 4 years in Southern
Botswana (Moreki et al., 2016). Additionally, the study
recorded a higher significant (p<0.05) positive
correlation between RW and BD (r = 0.722) of the
Bapedi sheep.

The study recorded a higher HGC in Bapedi rams
(90.6±1.4 cm) and Bapedi ewes (81.5±0.7 cm). The
HGC recorded in the current study is higher than that
recorded on Tswana sheep in Southern Botswana
(Moreki et al., 2016). The study recorded a high positive
correlation (0.944) between the HGC and BW of Bapedi
sheep. The results of the study concur with those
reported on four breeds of Iranian sheep (Shirzeyli et al.,
2013). According to Moreki et al. (2016), various linear
body measurements (such as the HGC and BL) can be
used to predict the BW of different sheep breeds, and the
results of this study concur with that. Some researchers

have been advocating for HGC to be the sole predictor of
BW (Dea et al., 2023). Therefore, in rural areas where
there are no weighing scales, the linear body
measurements, especially the HGC, can be used in
selection for breeding purposes. However, contrary to
that, moderate correlations (0.57) were observed between
HGC and BW in East Gojam female sheep (Michael et
al., 2016). Additionally, the HGC of the Bapedi sheep
was positively correlated to the age, BCS, BL, BD, BH,
BW, RW, HLW, TL, Teat L and TC.

As mentioned above, HGC and BL, along with
various linear body measurements, can be used to predict
the BW of different sheep breeds (Michael et al., 2016).
However, in the current study, the correlation between
BL and BW was moderate. The BD of the Bapedi sheep
showed a significant (p<0.05) high correlation with BW
and HGC. This suggests that BD, along with HGC, can
be used to predict BW in Bapedi sheep.

The testis circumference of the Bapedi ram (29.2±0.7
cm) was relatively lower than that recorded by
Maqhashu et al. (2024) on ex-situ (39.2±0.5 cm) and in-
situ (38.2±0.7 cm) conserved Bapedi rams in winter.
Zulu sheep had larger testis circumference in autumn as
compared to winter. However, the current study found
the opposite in Bapedi sheep (Ngcobo et al., 2023).
Additionally, the testis circumference recorded in the
current study was lower than that of Zulu rams recorded
by Ngcobo et al., 2023 in all seasons. According to
Martin et al. (2024), animals grazing on natural pastures
with fluctuating quality can either have a decrease or an
increase in the testicular circumference. Therefore, in
pastures, the lower testicular circumference recorded in
this study might have been caused by the loss of fat from
the scrotal tissues when the quality of the grazing
deteriorates (César Mugabe et al., 2023). TC of the
Bapedi rams was positively correlated to age, BL, BD,
BH, BW, HGC, RW, HLW, and HLL. According to
Letsoalo (2017), as the rams grow, so does the testicular
size. Both the Bapedi rams and ewes had lower
significant (p<0.05) correlations on HLLBH, HLLBK,
and TL, which shows that they have less effect on the
growth status of the Bapedi sheep (Aikins-Wilson et al.,
2021). The tail length recorded in the current study was
lower than those reported on Tswana sheep aged 3 years
in Southern Botswana (Moreki et al., 2016). Shorter tails
are essential for the improvement of animal welfare and
disease prevention (Johnson et al., 2023).

Conclusion
Bapedi sheep are characterized as multi-colored with

white bodies and brown heads being more dominant.
Bapedi sheep have no beards or toggles. The body
weight of Bapedi sheep was positively correlated to age,
heart girth circumference, rump width, body condition
score, length, depth, and height. The results from this
study can be used for effective conservation,
improvement, and selection programs.
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