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Abstract

The study aimed at determining the effects of breed type, breeding season, sex and type of birth on the growth and repro-
ductive traits of lambs. Two ewe breed types (Gellaper and Swakara) and four ram breed types (Damara, Dorper, GeDo and
Swakara) were used. Two lambing seasons, spring (March—-May) and autumn (September—November), were considered.
Gellaper-based lambs born in autumn had higher (P < 0.05) mean birth weight (4.58 kg) compared to spring-born lambs
(3.43 kg). Ram lambs were heavier (P < 0.05) than ewe lambs at weaning and post-weaning age. Singletons were heavier
than twins (P < 0.05) at birth, weaning and breeding. Single and autumn-born lambs had a higher average daily gain (ADG)
than spring-born lambs (P < 0.05). Ram lambs had a higher pre-weaning and overall ADG (P < 0.05) compared with ewe
lambs. Swakara-based lambs gained more from weaning to mating compared to Gellaper-based lambs (P < 0.05). The
conception, lambing and annual reproductive rate were all influenced by breed type and season (P < 0.05). Swakara-based
lambs had higher reproductive capabilities, while Gellaper-based lambs grew faster but take longer to breed type; autumn
lambing gave rise to low birth weights but heavier lambs at weaning and post-weaning, hence suitable for mutton production.

Keywords Annual reproductive rate - Daily gain - Breeding season - Lamb traits - Sheep breed types

Introduction

Sheep production is regarded as a major economic activity
for sub-Saharan Africa (Chedid et al., 2014) in general and
Namibia in particular. This region is characterised by hot,
long dry summers with erratic rainfall, and poor soils that are
deficient in organic matter. The climate has been changing
over the past decades, and water availability has become a
common phenomenon (Indu et al. 2015). Within the region,
livestock production is generally extensive, and rangeland
grazing is the only source of nutrients (G6 Mez-Brunet
et al., 2008). The combined effects of climate change and
low genetic variability have been a cause for concern for opti-
mum sheep production. Nevertheless, the socio-economic
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role of sheep remains critical (Gémez-Brunet et al., 2008;
Ben Salem and Smith, 2008), and efforts to improve produc-
tivity are germane. In Namibia, the normal breeding season
of sheep is between February and March (spring) and July
to September (autumn) (Gowane et al. 2014). Nonetheless,
attempts to breed sheep out of season (Gavojdian et al., 2013;
Kandiwa et al., 2019; Keskin et al., 2020; Norouzian, 2015;
Nsoso and Madimabe, 2003) are shaky but possible.
Gellaper is a crossbreed produced from 70.3% Damara
and 29.7% Dorper, which was developed to suit the harsh
conditions of southern Namibia at Gellap-Ost Research
Station. The breed is known for its hardiness, normal gait,
straight thin motile tail, strong flock instinct, low main-
tenance requirements, good mothering ability and high
fertility rate (Namwandi and Thawana, 2008). Karakul
sheep were renamed Swakara in 2012, because of their
pelts that are different from the original Karakul species.
According to Itenge and Shipandeni, (2015), they have
unique pelts with short hair, exceptional patterns and bet-
ter hair texture. Since a large part of Namibia is arid or
semi-desert, the climate is excellent for Karakul farming.
Swakara/Karakul sheep have been introduced to Namibia
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since 1907, and ever since then, lamb pelts have been the
main product that fetches niche prices on the world market.
In addition, the breed produces good-quality meat, wool
and milk (Kandiwa et al., 2019). The Swakara ewe has a
prolonged breeding season and can lamb every 8 months,
while the ram can successfully breed throughout the year
(Mirzaei et al., 2017).

Breeding season is one of the major contributing fac-
tors to the reproductive performances of sheep breeds
(Castillo et al., 2021; Gémez et al., 2012; Karatas et al.,
2017; Keskin et al., 2020; Norouzian, 2015; Ortavant
et al., 1988; Yilmaz et al., 2007). Most temperate breeds
of sheep are seasonal breeders. A decrease in day length
stimulates oestrous activity (Gémez et al., 2012; Kandiwa
et al., 2019). The seasonal variation in lamb performance
has been reported (Getachew et al., 2010; Keskin et al.,
2020; Mirzaei et al., 2017; Norouzian, 2015; Yilmaz et al.,
2007; Zaher et al., 2020). However, the year-round domes-
tic and international demand for lamb meat is ever-increas-
ing (Bhatti et al., 2020). Furthermore, lamb performance
varies with the season (Bhatti et al., 2019; Karthik et al.,
2021); thus, the production system influences this perfor-
mance. In agreement, Thompson et al., (2021) reported
a trade-off between reproductive (fertility, ovulation and
lambing rate) and growth (lamb survival and growth rate
of lambs) between spring/summer or out-of-season breed-
ing (Bhatti et al., 2020; Zaher et al., 2020). In this con-
text, economic viability of sheep husbandry is severely
challenged; hence, accelerated lambing with a year-round
breeding system is essential and hypothesised. Research
work is scarce on this particular aspect, especially con-
cerning arid environments.

Most sheep breeds are seasonal breeders exhibiting
seasonal anoestrus, which is controlled by photoperiod
(Gomez et al., 2012). In addition, nutrition and environ-
mental cues restrict the arid sheep’s potential in attain-
ing global targets (Saxena et al., 2015). In the semi-arid
regions of Namibia, the reproductive efficiency is rela-
tively low, owing to high ambient temperatures along
with the scarcity of feed and grazing pasture (De et al.,
2015). Sheep are bred in autumn, with lambing in winter.
The need to increase lamb meat production in Namibia
is paramount, and efforts to do the same are welcome.
Thus, the use of non-seasonal sheep breeds is a possible
intervention. The influence of season on lambing in sheep
production has been studied under temperate (Gavojdian
et al., 2015), tropical or subtropical environments (Asadi-
Fozi et al., 2020; Welday et al., 2019). We believe that
similar experiments need to be done in arid conditions
to improve lamb and mutton production. In this regard,
the study aimed at determining the effects of breed type,
lambing season, sex and birth type, on the growth and
reproductive performance of sheep.

@ Springer

Materials and methods

Only data was collected in this study; therefore, no animal
handling was done.

Study area/site

Data were obtained from the Kalahari Research Station,
Namibia 22°34'46.8” S 17°04'40.4" E. The station is
located south-eastern, 350 km from Windhoek and normally
receives on average 200-ml annual rainfall, and average min-
imum and maximum temperatures of 05 and 40 °C respec-
tively. The rainfall season stretches from January to April.
Soils are generally red sand dunes, which are low in organic
matter, relatively alkaline, and extremely dry. Around pans,
soils are highly calcareous or saline, and often toxic to most
vegetation. The main vegetation is dominated by browse spe-
cies of Acacia mellifera and Catophractus alexandrii while
grass species such as Schmidtia kalahariensis (annual) and
Stipagrostis uniplumis (perennial) are dominant.

Source of data

Gellaper sheep is the most improved breed while Swakara
sheep are the most common indigenous sheep breed in
Namibia. The records were obtained from Kalahari Research
Station for the period 2014-2017, for each ewe breed type
(Gellaper and Swakara) that was bred to four ram breed
types (Damara, Dorper, GeDo and Swakara) for two lamb-
ing seasons (Spring and Autumn). The data were normalised
by removing outliers and incorrect or inadequate data with
the intention to align distributions to a normal distribution,
after which the Shapiro-Wilk test for normality, maintain-
ing 5% as the level of significance, was applied using each
response variable. Records with missing information were
deleted, and a total of 1162 records were used. Two breed-
ing seasons were regarded per year for each breed type: the
wet season (autumn lambing April-June) and the dry season
(spring lambing Sept—Oct). Only maiden ewe data (approxi-
mately 12 months/two teeth) was used each year. Growth
(birth weight, weaning weight, average daily weight gain
from birth to weaning (ADG), average daily gain from wean-
ing to first mating (ADGWFT) and reproductive conception
rate (CR), lambing rate (LR), weaning age (WA), age at first
mating (AFM), lambing interval (LI), annual reproductive
rate (ARR)) data were considered.

Animal management

Animals were grouped according to breed type and kept in
different paddocks. All animals were managed under the
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extensive grazing system with no supplements throughout
the study period. All animal procedures to avoid or minimize
discomfort, stress and/or pain were prioritised, and medical
care for animals was also considered. The personnel
conducting procedures were appropriately qualified and
trained; Kalahari Research Station used their qualified
veterinarian and animal technicians. At the beginning of
each season, 20 ewe lambs were selected (on a live-weight
basis at 60% of mature body size) from each ewe breed type
(Gellaper and Swakara) and were joined to one ram from
each of the four ram breed types (Damara, Dorper, GeDo
and Swakara); GeDo was an F1 cross between Gellaper
ewes and Dorper rams. Ram breeds were selected based on
body weight at puberty as well as libido test results. Rams
with high libido and body mass were used. All animals
were presumed to have reached puberty between 6 and
9 months, and age was the basis for consideration in the
breeding programme. After the breeding period, the rams
were removed from breeding paddocks until lambing, and
the same was repeated for the second joining season. The
joining period lasted for 40 days for each breeding season at
an ewe/ram ratio of 20:1, ewe lambs were naturally bred. At
lambing, offspring were identified within 24 h of birth, and
birth records were captured (birth date, dam, sex, birth type,
birth weight). A commercial iodine solution (disinfectant)
was applied to the navel upon lambing. Ewes were allowed
to suckle until weaning, which occurred approximately 106
days’ post-birth. At this time, weaning weights were taken
and ewe/ram lambs were separated into respective breed
type groups, representing all the types. During this period,
ewe and their offspring were managed together as a mob.
After weaning, ewe lambs and ram lambs were separated
into specific crossbred or purebred groups and observed
for sexual activity to determine pubertal age or otherwise
referred to as age at first mating in this study. All animals
were extensively managed with no supplements.

Statistical analysis

Data on growth and reproductive performance was subjected
to ANOVA, to determine the effects of non-genetic factors
(breed type, sex, birth status and lambing season) on the
growth and reproductive performances of lambs. The
univariate least squares mean (LSM) from the general linear
model (GLM) procedures of SPSS was employed. The fixed
effects of ewe breed type (Gellaper Swakara), ram breed
type (Damara, Dorper, GeDo, Swakara), season (Spring,
Autumn), sex (Female, male) and birth status (single, twins)
were fitted in the statistical model:

Yiikimnol + Ei + My + 81 + T, + (ExT,,) + (ExS)) + (E;S;
S1Tw) + €iikimno

where
Yikimno = the birth weight, weaning weight, ADG from
birth to weaning, ADG from weaning to first mating of the
nth lamb

u = population mean

E; = effect of ith ewe breed type (Gellaper, Swakara)

S; = effect of jth sex of lamb (i = male or female)

M, = effect of kth ram breed type (k = Damara, Dorper,
GeDo and Swakara)

S; = effect of /th season of birth (/ = spring lambing,
autumn lambing)

T,, = effect of mth type of birth (m = single, twin)

E;S; = interaction effect of the ith ewe breed type and
Jjth sex

E;S, = interaction effect of ith ewe breed type and /th
season of birth

Bi x Tm = interaction effect of ith breed type and mth
type of birth

E; S5, = interaction effect of ith ewe breed type, jth sex
of lamb and /th season of lambing

€;ikimno = €rror/residual effect

The same statistical model was used for analysing repro-
ductive performance in sheep where Y = conception rate
(CR), lambing rate (LR), lambing interval (LI), weaning
age (WA), age at first mating (AFM), lambing interval (LI),
annual reproductive rate (ARR).

Pre-weaning ADG = (weaning weight-birth weight)/
weaning age

The annual reproductive rate was computed using the
formula:

ARR = ALS * 365 + LI

where ARR annual reproductive rate (lambs born per
breeding ewes per year); ALS average litter size; LI lamb-
ing interval.

Results

The effect of breed type (Table 1) and season (Table 2) on
growth parameters was evaluated. The birth weight (BW)
was different between ewe breed types (P < 0.05) but did not
differ among ram breed types (P > 0.05). The overall BW
from Gellaper ewes was 3.7 while that of Swakara ewes was
3.2 kg. Lambs from Swakara ewes were 1.83 kg heavier at
weaning compared to Gellaper-based lambs irrespective of
the ram breed type (P < 0.05). Swakara-based lambs gained
faster from birth to weaning compared to Gellaper-based
lambs, irrespective of the ram breed type (P < 0.05). Dorper
X Swakara lambs showed the highest gain while Gellaper X
Dorper lambs showed the lowest gain from birth to weaning.
The ewe breed types significantly influenced the average
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Table 1 Ls means (SEM) of breed type effects on growth traits at Kalahari Research Station

Ewe breed Gellaper Swakara

Ram breed Damara Dorper GeDo Swakara Damara Dorper GeDo Swakara

BW (kg) 3.6+0.050 3.6+0.053 38+0.052 37+0.046 32+0.089 32+0.081 32+0.065 3.3+0.053

WW (kg) 22.6 +0.408 22.1+0434 243+0424 22240377 244+0.725 250+0.660 23.8+0.533 25.8+0.430

ADGBW (g/d) 168.0 +£3.005 160.8 +3.189 182.5+3.112 169.3 +2.764 233.2 +5.319 237.2 +4.842 226.1 +£3.909 235.0 +3.155

ADGWTFM 89.5+2403 899 +2556 957+2497 928 +2217 1144 +4.268 1163 +3.885 111.1+3.137 1152 +2.531
(g/d)

BW birth weight, WW weaning weight, ADGBW average daily gain from birth to weaning, ADGWTFM average daily gain from weaning to first mating

daily gain from weaning to first mating (ADGWTFM),
Swakara-based lambs gained more from weaning to mating
compared to Gellaper-based lambs (P < 0.05). The highest
gains were observed with the Dorper X Swakara cross.

Spring-born lambs were 1.6 kg heavier at birth compared
to autumn born lambs. At weaning, single- and spring-born
lambs were 8.1 kg heavier than twins born within the same
season, while single-born lambs were 6.6 kg heavier than
twins born in autumn (P < 0.05). The average daily gains
from birth to weaning (ADGBW) did not differ (P > 0.05)
between lambing seasons; however, spring-born lambs had
higher gains across all ewe and ram breed types (P < 0.05).
Seasonal variation in gains was observed with lambs born
during spring recording the least gains compared to sea-
son autumn-born lambs (P < 0.05). The least gains were
recorded when Gellaper ewes were bred to Damara rams
(P < 0.05). Table 3 shows the effects of birth type on the
growth parameters of lambs.

Birth status significantly influenced BW (P < 0.05); sin-
gle-born lambs were heavier than twins. Singletons were
overall heavier (P < 0.05) at weaning than twins by 6.5 kg.
Singletons gained more weight compared to twins amongst
all breed types (P < 0.05), and the Dorper X Swakara cross
showed the highest gain (P < 0.05). Birth status had mar-
ginal (P = 0.045) effects on ADGWTFM, and an interac-
tion between ewe breed type and birth status was observed,
although it was also marginal (P = 0.046). The sex of lambs
(Table 4) at birth was significantly influenced by ewe and
ram breed types (P < 0.05), More male kids were observed
when Damara and Dorper rams were used with Gellaper
ewes, while a significantly higher number of females kids (P
< 0.05) were born when GeDo and Swakara rams were used
on Gellaper ewes. On the contrary, a significantly high num-
ber of female kids were recorded when Damara and Dor-
per rams were used on Swakara ewes (P < 0.05); however,
when Swakara ewes were bred to Damara rams, BW was
insignificant (P > 0.05). The highest male BW was recorded
when Swakara rams were bred to Gellaper ewes while the
least female BW was recorded when Dorper rams were bred
to Swakara ewes. The sex of lamb had marginal effects (P
= 0.047), on weaning weight (WW); however, Swakara X
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Swakara male lambs were the heaviest at weaning while
Gellaper x Dorper females were the lightest at weaning. Sex
had no effect (P > 0.05) on ADGBW across all breed types.
The sex of the lamb significantly influenced ADGWTFM
(P < 0.05); male lambs gained more across all breed types.
The CR was significantly influenced (P < 0.05) by ewe and
ram breed types (Table 5).

Conception rates were higher with Swakara than Gellaper
ewes (P < 0.05) and when Dorper rams were used. The high-
est CR was observed when Swakara and Dorper were used
as ewe and ram breed types respectively. The lowest CR was
recorded for Gellaper X GeDo sheep. The lambing rate was
influenced by the ewe breed type (P < 0.05) while the ram
breed type did not (P > 0.05). Swakara ewes (67.1%) gener-
ally were superior to Gellaper ewes (62.7%). The highest LR
was observed when Swakara and Damara were used as ewe
and ram breed types respectively, while the lowest LR was
observed when GeDo and Gellaper were used as ram and
ewe breed types respectively. Significantly higher WA was
observed for Gellaper than the Swakara ewe breed (P < 0.05)
while the ram breed had no effects (P > 0.05). It took more
days for lambs from Gellaper to breed type compared to Swa-
kara-based lambs (P < 0.05). Higher AFM was recorded for
Gellaper-based lambs compared to Swakara-based lambs (P
< 0.05). The use of Dorper and Swakara rams influenced the
AFM for all ewe breeds (P < 0.05). Gellaper X Dorper cross
showed the highest (P < 0.05) AFM while Swakara X Swa-
kara purebred had the least AFM. The annual reproductive
rate was significantly higher for Gellaper-based lambs than
for Swakara-based offspring (P < 0.05). The highest ARR
was observed when Gellaper and GeDo were used as ewe
and ram breed types respectively. Breed type and seasonal
effects on CR, LR, WA, AFM, LI and ARR (Table 6) were
significant (P < 0.05). The ram breed type did not influence
(P > 0.05) conception rate. Ewe * ram * season interaction
was significant (P < 0.05). When Dorper rams were used,
higher and consistent CR was observed irrespective of the
season and ewe breed type (P < 0.05). In the second season,
the highest CR were observed when Damara and Swakara
sheep were used as ram and ewe breed types respectively, yet
in the first season, Swakara male and female animals had the
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Table 6 Seasonal effects on sheep reproductive traits at Kalahari Research Station

Swakara

Gellaper

Ewe breed

Swakara

Dorper GeDo

Damara

Dorper GeDo Swakara

Damara

Ram breed

Season

A

Trait

94.6 +2.741

779 +£2.741

86.2 +2.741 92.1 +£2.741

89.1 +2.741
84.0 +£2.741

86.6 +£2.741 83.2 +£2.741 80.4 +£2.741

772 +£2.741

CR (%)

68.4 +2.741

78.5+£2.741

76.7 +2.741 64.9 +2.741 82.3 +£2.741

61.8 +2.193

76.1 +£2.741

69.0 +2.193 73.7+2.193 75.7+2.193

71.3 £2.193
67.2 +£2.193

+ 69.2 +£2.193 66.6 +2.193 64.3 +2.193

60.9 +2.193

A

LR (%)

62.3 +2.193 547 +£2.193

62.8 +2.193

+ 52.0+2.193 65.9 +2.193

61.3 +2.193
111.7 + 1.566

89.8 +£ 1.581

90.8 + 1.785

91.8 + 1.997

89.1 £ 1.515

89.7 +£1.823

99.9 + 1.417

108.5 + 1.655

111.8 + 1.525

A

WA (days)

104.5 + 1.296
317.5 +£7.423
369.9 + 6.087
11.4 +0.329

95.3 £2.952
3153 +£7.113

93.0 + 3.156

117.9 + 1.256
392.7 £ 5.896
379.7 £ 6.656
9.7 +£0.329

117.7 +£ 1.344
3823 £7.774
349.6 + 6.313
10.0 + 0.329

117.9 + 1.524
405.0 + 7.340

1135+ 1.374
396.7 +7.762
367.8 +£6.452
9.3 +£0.329

324.5 £ 9.378

317.4 + 8.560

A

AFM (days)

337.2 +£13.862 321.2 +8.389
11.1 £ 0.329

329.0 + 14.825
10.7 £ 0.329

3732 £7.157
10.4 +£0.329

8.2 +0.329

9.3 +£0.329

10.4 +£0.329
9.4 +0.329

10.1 £0.329

9.9 +0.329

7.8 +£0.329

9.2 +0.329

9.1 £0.329

LI

1.3+0.118

1.6 £ 0.118

1.6 £0.118 1.7+ 0.118

1.7+ 0.118

2.0+0.118

22 +0.118

1.9 +0.118

1.6 £0.118

1.8 +0.118 1.9+0.118 2.0+0.118

1.4+0.118

2.6+0.118

24 +0.118

2.0+0.118

ARR

A spring lambing, B autumn lambing, CR conception rate, LR lambing rate, WA weaning age, AFM age at first mating, AFL age at first lambing, LI lambing interval, ARR annual reproductive rate

highest CR. The animal breed type and season significantly
influenced the lambing rate (P < 0.05). Swakara ewes showed
overall higher LR than Gellaper ewes irrespective of the ram
breed type used (P < 0.05). Lambs from Swakara ewes/rams
were weaned earlier (P < 0.05) than lambs from Gellaper
ewes, while the weaning age was extended in spring. Age
at first mating was higher for lambs born by Gellaper ewes
than Swakara ewes (P < 0.05) in both seasons. Ram breed
type did not affect AFM (P > 0.05). The LI was significantly
influenced by ewe breed type and season (P < 0.05). An Ewe
X season interaction was observed for LI (P < 0.05). The LI
was longer in autumn compared to spring for all breed types.
Gellaper X GeDo lambs showed the least LI of 7.8 + 0.329
in spring. The overall LI for spring lambing was 1.2 months
less than for autumn lambing. The ewe and ram breed type
and season significantly influenced (P < 0.05) ARR. Gellaper
X GeDo animals showed the highest ARR in autumn, while
Gellaper X Dorper animals had the highest ARR in spring (P
< 0.05). When the Swakara breed type was used as the dam
line, higher (P < 0.05) ARR values were obtained in spring
compared to autumn among all ram breed types. Comparing
the two dam lines, Gellaper sheep showed higher (P < 0.05)
ARR values compared to Swakara between seasons. The pure
Swakara animals showed the least ARR for both seasons (P <
0.05). The effects of birth status (Table 7) and sex (Table 8)
on WA and AFM were significant (P < 0.05). Singletons
were weaned earlier than twins, but were bred later, 382.0
and 325.2 days for singles and twins respectively.

Discussion

Birth weight is influenced by ewe breed type, season, sex of
lamb and birth type in the current study. It is known that lambs
heavier at birth grow faster than lightweight lambs (Dixit et al.,
2001; Yilmaz et al. 2007; Rosov and Gootwine, 2013). Birth
weight, an early measurable trait of great interest in all live-
stock species, is positively correlated with further live weights
(Simasiku et al., 2019). Gellaper-based lambs were heavier at
birth compared to Swakara-based lambs, showing the effects of
breed type on birth weight. The effect of ewe body size could be
responsible for this disparity since Gellaper are large-sized while
Swakara is a medium-sized breed type. Although the effect of
birth weight, sex and birth type have been discussed, ewe body
size and condition seems to have a greater impact on lamb’s pre-
and post-natal performance (Bhatti et al., 2020, 2019; De et al.,
2015). In agreement with the current results, birth weights were
influenced by season (Norouzian, 2015). However, some studies
have shown contrasting results where spring lambs were heavier
at birth than autumn-born lambs (Norouzian, 2015). The sea-
sonal differences in birth weight in the present study may have
been partly due to ambient temperature variations and pre-natal
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effects (Kandiwa et al., 2020). The lower spring-born lamb body
weights emphasize the need for supplementary feeding and
optimum management of ewes to increase foetal growth rate.
Many studies (Dixit et al. 2001; Yilmaz et al. 2007; Rosov and
Gootwine 2013) have shown the strong influence of season on
BW of lambs which was not breed type dependent. As expected,
male lambs were heavier at birth than female lambs for most of
the crosses; however, Damara X Swakara cross had no differ-
ence in lamb birth weights between sexes. This was not expected
but confirms the importance of targeted breeding and selection
for superior dam lines with respect to birth weight since there
were significant differences among all ram breed types. Previ-
ously, Loos et al. (2001) documented this result in sheep and
suggested that males grow faster than respective females in utero
as a result of testosterone secretion. In agreement, Wassie et al.
(2019) reported that prenatal androgen treatment increases the
BW of lambs. The proportional decrease in BW relative to birth
type was greater in females in the current study. Differences
between seasons are generally regarded as normal since they are
caused by fluctuations in environmental conditions, which are
difficult to control. Other factors can still affect birth weight for
example nutrition, although not measured in the current study.
Kumar (2022), affirmed that birth weights are affected by feed-
ing conditions. Season, sex and birth type also influenced post-
natal growth.

Weaning weight is subject to environmental variation, nutri-
tion, breed type, birth type and sex of lamb. Season effects
on weaning weights observed in the current study attest to
earlier observations (Karatas et al., 2017; Keskin et al., 2020,
Norouzian, 2015; Yilmaz et al., 2007; Zaher et al., 2020). Con-
sistent with these findings, autumn-born lambs were heavier
than spring-born lambs at weaning in the current study. Thus,
the external environment during early growth influenced the
overall pre-weaning growth rate, a common phenomenon in a
variety of sheep breeds (Yilmaz et al., 2007). Swakara-based
lambs gained faster from birth to weaning compared to Gella-
per-based lambs, showing the breed type effects. The effect of
sex and birth type on weaning weight is a result of the correla-
tion between birth weight and weaning weight (Safari et al.,
2008). It is known that mothering ability and milk yield differ
among sheep breeds (Gavojdian et al., 2013; Getachew et al.,
2010; Abebe et al., 2020; Namwandi and Thawana, 2008;
Thompson et al., 2021; Welday et al., 2019), and indigenous
Namibian breeds are known to perform better in this aspect
( Namwandi and Thawana, 2008). Evidence by Kandiwa
et al. (2019) and Mirzaei et al. (2017) showed that Swakara
ewes produce more milk, which explains the greater weaning
weights. In contrast, large-sized ewe breeds are expected to
wean heavier lambs. The great genetic diversity among Namib-
ian sheep breeds provides an opportunity for the selection of
breeds that best suit various production systems and objectives.

Animal reproductive performance is influenced by breed,
environment (Flinn et al., 2020; Giil et al., 2020; Kleemann

et al., 2021), and management factors (Hoffman et al., 2017,
Sanchez-Davila et al., 2020). The effects of breed, birth
weight, and birth type on lambs have been studied (Asmare
et al., 2021; Kumar, 2022; Lakew et al., 2014; Thompson
et al., 2021; Welday et al., 2019; Yilmaz et al., 2007). Con-
ception represents one of the most quantifiable traits of ewe
reproductive performance. Irrespective of the ram used, con-
ception rate was high in Swakara compared to Gellaper ewes.
The high fertility rates from Dorper rams are well known
(Gavojdian et al., 2015, 2013); no wonder higher CR for both
ewe breed types in the current study. The effect of season on
reproduction has been evaluated (Fozi et al., 2020). However,
this phenomenon is not common with breeds developed under
tropical and sub-tropical conditions. Such breeds would only
exhibit seasonal anoestrous if moved to higher latitudes (Fozi
et al., 2020). Conception rates were high with spring lamb-
ing compared to autumn lambing; similar conclusions were
made by Keskin et al. (2020) in which month of birth sig-
nificantly influenced both birth and weaning weight. Lambs
from larger breeds are generally born heavier, while bigger
litters are lighter than singletons. The amount of growth
and other metabolic hormones in circulation (Loureiro et al.
2016) is a reasonable cause for these differences. Accord-
ing to Hoffman et al. (2017), male foetuses take generally
longer in the uterus than female foetuses hence the heavier
birth mass. On the other hand, twins compete for space and
nutrition and thus limit their future productivity, a phenom-
enon known as developmental programming (Greenwood
et al., 2017; Hoffman et al. 2017). Because of these underly-
ing factors, the average age at weaning and age at first mat-
ing are significantly extended for medium to large breeds,
males and singletons, and results from this study also attest
to this fact. The lambing interval in our study was higher than
expected (Abebe et al., 2020; Karthik et al., 2021; Welday
et al., 2019) but similar to Asmare et al. (2021). The lamb-
ing interval was extended for spring lambing compared to
autumn lambing. This was possible due to the effect of nutri-
tion on ewes since animals were extensively managed with
no supplements. During this season, grazing was adequate to
sustain pregnant ewes; hence, they gave birth at an acceptable
body condition and weight, and the negative energy balance
period was significantly reduced consequently reducing the
post-partum anoestrus period. It is standard practice that ewes
lamb every 6 to 8 months (Fozi et al., 2020), and spring lamb-
ing is more common for both temperate and tropical breeds.
Our study contradicts this generally accepted position at least
with respect to the lambing interval. The annual reproduc-
tive rate of African breeds varies from 1.5 to over two lambs
(Asmare et al., 2021). This is so because of continuous breed-
ing in most extensive production systems, as well as low litter
sizes. Because joining was controlled in the current study,
the ARR was mostly above 2 irrespective of low twining lev-
els particularly when Swakara ewes or rams were used. This
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proves that the breed has low twining potential. This was so
because the lambing interval, although on the high side, fell
within recommendations of between 8 and 10 for medium-
sized to large sheep breeds. Breed type, season, sex and birth
type significantly influenced the weaning age and age at the
first mating of lambs, as was also reported by Asmare et al.
(2021). Slow maturing and range breeds or extensively man-
aged sheep may not be fertile at 7—-8 months of age which is
considered the standard age at puberty. However, it is encour-
aged to breed ewe lambs early, for increased productivity and
profitability. The mechanisms that regulate seasonal breeding
in sheep have been documented (Loureiro et al. 2016; Asadi-
Fozi et al., 2020); they are believed to involve an interaction
between changes in day length and circannual changes within
the neuroendocrine system (Loureiro et al. 2016; Asadi-Fozi
et al., 2020). Thus, the photoperiodic controls, the timing and
duration of melatonin secretion and a variety of clock genes
are responsible for this change (Fozi et al., 2020).

Conclusion

The average birth weight, weaning weight, average daily gain
from birth to weaning and average daily gain from weaning to
first mating ranged from 3.2 to 3.8 kg, 22.1 to 25.8 kg, 160 to
237 g/day and 89 to 116 g/day respectively. The average concep-
tion rate, lambing rate, weaning age, age at first mating, lambing
interval and annual reproductive rate were 86%, 67%, 99 days,
356 days, 10.3 months and 1.8 respectively. Although breed
types used in this study are out-of-season breeders, the effect
of season was evident among growth and reproductive traits,
and autumn lambing was preferable. Swakara ewes had higher
conception rates and lambing rates and were weaned earlier with
a lower annual reproductive rate compared to Gellaper ewes,
hence are recommended for improving reproductive traits in
sheep production. Gellaper-based lambs grew faster but take
longer to breed, hence suitable for mutton production. Male
and singleton lambs had higher birth weights, grew faster and
gained more on daily basis. However, female singleton lambs
from Damara and Dorper rams showed higher growth rates and
weight gains. Autumn lambing gave rise to low birth weights
but heavier lambs at weaning and post-weaning.
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