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Abstract
This study retrospectively investigated the effect of breed and season on the lambing/kidding dynamics, growth performance,
neonatal viability, and weaning dynamics of sheep (Damara, Dorper, and Swakara) and goats (Boer goat and Kalahari Red) at a
farm in the Khomas Region of Namibia between 2004 and 2015. Litter size was dependent on breed (X2(12, N = 3388) = 796,
p < 0.001), with twinningmore frequent in Dorper sheep and Kalahari Red and Boer goats than in the Damara and Swakara sheep
(p < 0.05), while triplets were more prevalent in the Dorper sheep and Kalahari Red goats (2.8% and 1.0%, respectively;
p < 0.05). Distribution of birth weight categories was dependent on breed. There was a significant difference in the proportions
of birth weight categories between breeds (X2(12,N = 3388) = 467, p < 0.001) whereby Dorper lambs weremostly bornweighing
below 3 kg (2.6%, p < 0.05); Boer goat kids, Kalahari Red kids, and Damara lambs were mostly born weighing 3 to < 4 kg (4.3%,
6.3% and 19.9%, respectively; p < 0.05); Swakara lambs were mostly born weighing 4 to < 5 kg (12.2%, p < 0.05), and Swakara
lambs were mostly born weighing ≥ 5 kg (3.3% and 2.3%, respectively, p < 0.05). Weaning age categories were dependent on
breed (X2(12, N = 3388) = 241, p < 0.001) whereby Dorper lambs were mostly weaned at below 3 months of age (2.8%,
p < 0.05); Damara lambs were mostly weaned at 3 to < 5 months of age (12%, p < 0.05), and Boer goat kids were mostly weaned
at ≥ 5 months of age (0.9%, p < 0.05). Neonatal viability was dependent on breed (X2(8, N = 3388) = 49.2, p < 0.001) whereby
Dorper lambs were more susceptible to abortions and neonatal deaths (0.6% and 1.5%, respectively; p < 0.05) than the rest of the
breeds. Breed and lambing season interacted to produce effects on the birth weight of offspring although lambing season alone
did not have a significant effect on Boer goat and Kalahari Red kids’ birth weights.
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Introduction

Sheep and goats are an important source of income in many
commercial and communal farm enterprises in the tropics and
sub-tropics (Dadi et al. 2008; Gökçe and Atakışİ 2019; Hasan
et al. 2015). Small stock production is popular in arid countries
such as Namibia because they mature very rapidly and are a
major source of survival and assets for the landless and poor
since they are relatively cheap to buy. They utilize a wider
diversity of plants and do not compete for forage with cattle.
As browsers, they use different vegetation than cattle and thus
allow farmers to make more efficient use of the available natu-
ral resources. They have very wide climatic adaptation and
thrive well in dry areas where feed resources are limited
(Erasmus 2000; Silanikove et al. 2000).

It has been predicted that small ruminants will provide
50% of red meat in Sub-Saharan Africa by the year 2025
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(Winrock International 1992). In Namibia, small ruminant
production comprises approximately 2,055,848 (57%)
sheep (Dorper, Damara, Swakara) and 1,624,834 (43%)
goats (mainly Boer goat) produced commercially in the
southern and western parts of the country and through sub-
sistence farming in the north of the country (De Lange
2008; Mushendami et al. 2008; Namibia Statistics
Agency 2015a, b).

According to the Namibian Livestock Sector Strategy, pri-
or to 2006, most of the sheep and nearly all the goats were
exported to South Africa on hoof (Anon 2011). In 2006, the
Government came up with a “Growth at Home” strategy dis-
couraging export of live animals in favour of local slaughter.
Consequently, local demand for lamb has since increased
(Anon 2011). Though the demand for chevon and cabrito cuts
in formal markets was previously depressed, recent years have
witnessed an upsurge of demand from urban centres (Casey
and Webb 2010). The increased demand for small ruminant
meat has placed a strain on traditional small ruminant produc-
tion systems, thus challenging the systems to produce more
meat on diminishing land resources. This scenario has neces-
sitated active research into increased small ruminant meat pro-
duction from current flocks raised in smaller and otherwise
less productive land (Casey and Webb 2010). Reproductive
performance, pre-weaning growth performance, and the sur-
vival of kids/lambs all form the basis of such improvements in
productivity (Abdelqader et al. 2017; Chay-Canul et al. 2019;
Đuričić et al. 2019; Topal et al. 2017).

Reproductive performance and pre-weaning growth perfor-
mance (Duričić et al. 2012; Hasan et al. 2015; Kleemann et al.
2016; Tungu et al. 2017) are influenced by animal (birth
weight, litter size, breed, parity, and sex), environmental (sea-
son and year of birth), and management (production system,
maternal nutrition, health, consumption of colostrum) factors
(Fasae et al. 2012; Gaafar et al. 2011; Gökçe and Atakışİ
2019; Hoffman et al. 2017; Sánchez-Dávila et al. 2015).
Birth weight is also influenced by an interplay of several fac-
tors including breed, sex, litter size, parity, and maternal nu-
trition and affects weaning weight (Behrendt et al. 2019;
Chniter et al. 2013; Fasae et al. 2012; Sánchez-Dávila et al.
2015). Kids/lambs of some breeds are born heavier than
others; kids/lambs born in bigger litters are lighter than sin-
gletons; and nutrition of the dam negatively affects pre-
weaning growth performance through reduced levels of circu-
lating growth and other metabolic hormones (Loureiro et al.
2016). Gestations carrying male foetuses are generally longer
and thus result in heavier neonates than those carrying female
foetuses (Gaafar et al. 2011; Hoffman et al. 2017). Space and
nutritional constraints imposed on foetuses in utero limit fu-
ture productivity of the offspring by limitations imposed, in
utero, on stem cell numbers through a phenomenon known as
developmental programming (Greenwood et al. 2017;
Hoffman et al. 2017; Samkange et al. 2019).

Pre-weaning mortality is a major factor limiting the economic
viability of small ruminant enterprises with implications on farm-
er morale and animal welfare (Balta and Topal 2018; Dadi et al.
2008; Dwyer et al. 2016). The causes, extent, determinants, and
solutions of pre-weaning lamb/kid mortality have been investi-
gated under experimental and field conditions (Doaa et al. 2009;
Gowane et al. 2018; Hagan et al. 2014). There are animal
(Juengel et al. 2018; Khan et al. 2006; Snyman and Olivier
2002; Swarnkar et al. 2019), environmental (Abdelqader et al.
2017; Dadi et al. 2008; Doaa et al. 2009; Đuričić et al. 2019;
Mustafa et al. 2014; Topal et al. 2017), and management factors
(McCoard et al. 2017;McGregor 2016; Raoof 2018) responsible
for kid/lamb survival. The causes of pre-weaning mortality in-
clude infectious and non-infectious conditions of the respiratory,
gastrointestinal, musculoskeletal, and nervous systems that are
associated with low birth weight and poor early health perfor-
mance (Mukasa-Mugerwa et al. 2000; Petros et al. 2014;
Snyman 2010). Common specific infectious conditions include
septicaemia, diarrhoea, pneumonia, and endoparasites
(Chikwanda et al. 2013; Khan et al. 2006; Swarnkar et al.
2019). The non-infectious conditions include low birth weight,
lameness, predators, starvation-mis-mothering complex, birth
stress, trauma, and hypothermia (Abdelqader et al. 2017;
Gokce and Erdogan 2009; Kandiwa et al. 2018; Mukasa-
Mugerwa et al. 2000; Petros et al. 2014; Snyman 2010).

The factors affecting lamb/kid productivity have been thor-
oughly investigated globally, in Africa and in the southern
African sub-region. Traditionally, these factors have been in-
vestigated separately in sheep and goats. To the best of our
knowledge, comparison of different small ruminant species
and breeds (lambs and kids) has not previously been done in
the same study. Therefore, the objective of this study was to
compare the production performance of different breeds of
kids/lambs born and raised under similar conditions at a farm
in the Khomas Region of central Namibia. It was hoped that
the results of this study would inform farmers of the best small
ruminant species and breeds to adopt under production condi-
tions similar to those in central Namibia.

Materials and methods

The study was carried out at a farm located at the coordinates
22° 31′ 0″ S and 17° 15′ 0″ E in the Khomas Region of
Namibia about 40 km east of Windhoek. The farm lies at
1963 m above sea level and occupies 10,187 ha of land dom-
inated by shrub-veld Savannah vegetation. Between 300 and
400 mm of rainfall occurs annually from November to April.

Study animals

The Swakara, Dorper, and Damara lambs, Boer goat, and
Kalahari Red kids born since 2004 until 2017 at the farm
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constituted the study animals. Sheep and goats from each
breed were reared in the same paddocks. Deworming, dip-
ping, vaccinations, disease diagnoses, and treatments were
performed following the established farm protocol. Female
and juvenile animals were allowed to graze extensively in
designated rotational paddocks during the wet and dry sea-
sons, but rounded up every night into protected sheds to deter
losses through predation. Pellets and lucerne hay were used
for supplementation during the dry seasons, and urea blocks
were maintained in the paddocks all year round. For breeding
purposes, selected males were introduced into paddocks with
selected females to prevent inbreeding and cross-breeding.
Clean borehole water was provided ad libitum at designated
water points throughout all the paddocks. February to March
and July to August were the designated annual lambing/
kidding seasons at Neudamm farm.

Statistical analysis

The data was collected from farm records and collated on
Microsoft Excel 2013 from which pivot tables were created
for the designated categories: lamb/kid sex, birth weight, off-
spring/dam, viability of offspring, weaning weight, and
weaning age. Pearson’s chi-square with an alpha level of
0.05 was used for comparison of the number of animals within
these categories. Adjusted residual post hoc tests with adjust-
ed significant levels were used to further test significant chi-
square results. Two-way ANOVA with replication was used
to test for the significance (p < 0.05 was considered signifi-
cant) of the effect of breed or season and the interaction there-
of. The z test for comparison of proportions was also used for
overall comparison of proportional distribution of birth weight
categories between breeds. The Statistical Package for Social
Sciences (SPSS) version 25 was used for data analyses.

Results

As shown in Table 1, more Damara lambs, followed by the
Dorper, Swakara, Kalahari Red kids and least of all Boer goat
kids (36.2%, 30.7%, 20.2, 7.6%, and 5.3%, respectively) were
born at the farm during the study period (z = 4.87, p < 0.0001).
Overall, more female (51.1%) than male (48.9%) animals
were born (z = 1.8, p = 0.07), although this was statistically
insignificant. There was no difference in the proportions of
males to females between the breeds of animals born during
this period (X2(4, N = 3388) = 2.69, p = 0.61).

There was a significant difference in the proportions of
offspring/dam between breeds (X2(12, N = 3388) = 796,
p < 0.001). The proportions of the Damara and the Swakara
singlet lambs delivered (25.8% and 19.8%, respectively) were
greater than those of the rest of the other breeds (p < 0.05). The
proportions of the Dorper, the Boer goat, and Kalahari Red

twins (13.9%, 4.4%, and 3.4%, respectively) were greater than
those of the Damara and the Swakara (p < 0.05). The propor-
tions of Dorper and Kalahari Red triplets were greater than
those of the rest of the breeds (p < 0.05). There was, however,
no significant difference in the proportions of the quadruplets
between breeds (p > 0.05).

Proportions of birth weight categories were different be-
tween breeds (X2(12, N = 3388) = 467, p < 0.001). The pro-
portion of the Dorper lambs under 3 kg birth weight (2.6%)
was significantly greater than those of the rest of the other
breeds (p < 0.05). The proportions of Boer goat kids,
Kalahari Red kids, and Damara lambs weighing 3 to < 4 kg
at birth (4.3%, 6.3%, and 19.9%, respectively) were signifi-
cantly greater than those of the Swakara and the Dorper
(p < 0.05). The proportion of Swakara lambs weighing 4 to
< 5 kg at birth (12.2%) was significantly greater than those of
the rest of the other breeds (p < 0.05). The proportions of
Dorper and Swakara lambs weighing ≥ 5 kg at birth (3.3%
and 2.3%, respectively) were significantly greater than those
of the rest of the other breeds (p < 0.05).

Weaning age categories were significantly different be-
tween breeds (X2(12, N = 3388) = 241, p < 0.001). The pro-
portion of Dorper lambs weaning at below 3 months of age
(2.8%) was significantly greater than those of the rest of the
other breeds (p < 0.05). The proportion of Damara lambs
weaned in the 3- to < 5-month category (12%) was significant-
ly greater than those of the other breeds (p < 0.05). The pro-
portion of Boer goat kids weaned at ≥ 5 months of age (0.9%)
was significantly greater than those of the rest of the other
breeds (p < 0.05). The proportion of Dorper lambs weaned at
unknown age (22%) was significantly greater than those of the
rest of the other breeds (p < 0.05).

Proportional occurrence of weaning weight was signifi-
cantly different between breeds (X2(12, N = 3388) = 285,
p < 0.001). The proportions of Boer goat kids (0.6%) and
Kalahari Red kids (0.8%) weaned at below 15 kg live weight
were significantly greater than those of the rest of the other
breeds (p < 0.05). The proportion of Damara lambs weaned at
the 15- to < 25-kg weight category (10.4%) was significantly
greater than those of the rest of the other breeds (p < 0.05). The
proportion of Dorper lambs weaned at ≥ 25 kg (4.6%) was
significantly greater than those of the rest of the other breeds
(p < 0.05). The proportion of Dorper lambs weaned at un-
known weight (22.1%) was significantly greater than those
of the rest of the other breeds (p < 0.05).

Overall, proportional viability of neonates was different
between breeds (X2(8, N = 3388) = 49.2, p < 0.001). The pro-
portions of Dorper lambs that were aborted (0.6%) and died as
neonates (1.5%) were significantly greater than those of the
rest of the other breeds (p < 0.05). The proportion of Damara
lambs that survived the neonatal period (35.4%) was signifi-
cantly greater than those of the rest of the other breeds
(p < 0.05).
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As shown in Table 2, there was a significant difference in the
proportions of birth weight categories between seasons (X2(27,
N = 3388) = 608, p < 0.001). Two-way analysis of variance
showed that the proportion of winter-born Dorper and Swakara
weighing < 3 kg at birth was greater than those of the summer-
born Dorper (1.6% and 1%, respectively; p < 0.001) and
Swakara lambs (0.6% and 0.2%, respectively; p < 0.01) within
the same birth weight category. The proportion of winter-born
Damara weighing 3 to < 4 kg at birth was greater than that of the
summer-born Damara lambs within the same birth weight cate-
gory (10.7% and 9.2%, respectively; p < 0.001). The proportion
of summer-born Damara weighing 4 to < 5 kg at birth was
greater than that of the winter-born Damara lambs within the
same birth weight category (9.3% and 3.6%, respectively;
p < 0.001). There was no significant seasonal effect on the
Boer goat and Kalahari Red kids’ birth weight (p > 0.05). The
proportion of offspring bornweighing ≥ 5 kgwas not affected by
lambing season alone though, however, lambing season
interacted with breed to produce significant effects.

Discussion

The results from this study showing that an overall major-
ity of births (63.5%) were singleton births also show a
significant difference in litter size between breeds
(Table 1). The preponderance of singletons in the
Damara and Swakara is in agreement with reports from
other studies on the same breeds (Näsholm and
Eythorsdottir 2011; von Wielligh 2003) whereby 80.5%
singleton and 19.5% twin births were reported in Damara
sheep (von Wielligh 2003). Findings of more twinning
from Boer goats in this study are also in agreement with
those from previous studies (Almeida 2011; Campbell
2003; Lehloenya et al. 2005) which, however, also report-
ed substantial proportions of triplets and quadruplets
(Erasmus 2000). Inferences regarding occurrence of qua-
druplets in the current study were inconclusive due to in-
sufficient data. Considerable numbers of triplets has also
been reported in Dorper sheep (King 2009).

Table 1 Proportional comparison of designated categories between sheep and goat offspring born at Neudamm farm from 2004 to 2015

Category Boer goat (%) Damara (%) Dorper (%) Kalahari Red (%) Swakara (%) Overall (%)

Sex

Female 86 (2.5) 645 (19.0) 523 (15.4) 135 (4.0) 342 (10.1) 1731 (51.1)

Male 94 (2.8) 583 (17.2) 516 (15.2) 121 (3.6) 343 (10.1) 1657 (48.9)

Litter size

Singletons 58 (1.7) 875 (25.8) 474 (14.0) 74 (2.2) 671 (19.8) 2152 (63.5)

Twins 116 (3.4) 331 (9.8) 470 (13.9) 149 (4.4) 14 (.4) 1080 (31.9)

Triplets 6 (.2) 18 (.5) 95 (2.8) 33 (1.0) 0 (0) 152 (4.5)

Quadruplets 0 (0) 4 (.1) 0 (0) 0 (0) 0 (0) 4 (0.1)

Birth weight (kg)

< 3 5 (.1) 33 (1.0) 88 (2.6) 8 (.2) 24 (.7) 158 (4.7)

3 to < 4 144 (4.3) 675 (19.9) 404 (11.9) 213 (6.3) 169 (5.0) 1605 (47.4)

4 to < 5 28 (.8) 453 (13.4) 436 (12.9) 33 (1.0) 413 (12.2) 1363 (40.2)

≥ 5 3 (.1) 67 (2.0) 111 (3.3) 2 (.1) 79 (2.3) 262 (7.7)

Weaning age (months)

< 3 1 (.03) 27 (.8) 95 (2.8) 3 (.1) 35 (1.0) 161 (4.8)

3 to < 5 38 (1.1) 407 (12.0) 139 (4.1) 64 (1.9) 144 (4.3) 792 (23.4)

≥ 5 31 (.9) 38 (1.1) 60 (1.8) 22 (.6) 38 (1.1) 189 (5.6)

Unknown 110 (3.2) 756 (22.3) 745 (22.0) 167 (4.9) 468 (13.8) 2246 (66.3)

Weaning weight (kg)

< 15 22 (.6) 31 (.9) 4 (.1) 27 (.8) 9 (.3) 93 (2.7)

15 to < 25 41 (1.2) 354 (10.4) 129 (3.8) 48 (1.4) 168 (5.0) 740 (21.8)

≥ 25 14 (.4) 88 (2.6) 157 (4.6) 18 (.5) 37 (1.1) 314 (9.3)

Unknown 103 (3.0) 755 (22.3) 749 (22.1) 163 (4.8) 471 (13.9) 2241 (66.1)

Viability

Aborted 0 (0) 4 (.1) 19 (.6) 0 (0) 4 (.1) 27 (0.8)

Neonatal death 10 (.3) 23 (.7) 51 (1.5) 13 (.4) 12 (.4) 109 (3.2)

Live 170 (5.0) 1201 (35.4) 969 (28.6) 243 (7.2) 669 (19.7) 3252 (96.0)

Overall (%) 180 (5.3) 1228 (36.2) 1039 (30.7) 256 (7.6) 685 (20.2) 3388 (100.0)
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The findings from the current study that 95.3% of the births
were over 3 kg is well-substantiated by other earlier studies
although the rather greater proportion of Dorper lambs
weighing below 3 kg is not supported in these studies
(Alemseged and Hacker 2014; Schoeman and Burger
1992).This greater proportion of underweight lambs by
Dorper standards may have resulted from the greater propor-
tions of twins and triplets in the current study. A number of
studies have demonstrated an inverse relationship between
birth weight and litter size (Balta and Topal 2018; Chay-
Canul et al. 2019; Hagan et al. 2014). The current finding
whereby the greatest proportions of Damara lambs weighed
3 to < 4 kg was contradictory to findings by another author,
whereby female and male Damara lambs weighed 4.2 kg and
4.5 kg, respectively (Du Toit 1995). This discrepancy may
have been due to the age, parity, weights, and nutrition of
the mothers of these lambs as well as the seasons of birth
(Deligiannis and Lainas 2000; Petros et al. 2014; Sánchez-
Dávila et al. 2015). The ages and parities of the dams were,
however, not determined in the current study. The current
finding of a significantly greater proportion of Swakara lambs
weighing 4 to < 5 kg can be explained by the inverse relation-
ship between litter size and birth weight since the Swakara had
the lowest proportion of twin and triplet births. The greater
proportions of Dorper and Swakara lambs weighing ≥ 5 kg are
possibly to the fact that a majority of the Dorper and Swakara
lambs were singleton births.

The high birth weights in this study can be attributable to
the high level of management practised at the farm. According
to the farmmanger Edmund Beukes, it is farm policy to have a
very high selection intensity for small ruminants. Only the top
15% is selected for replacement stock. In addition, every year,
the farm purchases the best rams for introduction of improved

genetics from the auctions and to prevent inbreeding depres-
sion. The lambs receive creep feed as soon as they can eat
solid food. Breeding rams and bucks are given supplementary
lucerne, hay, and pellets 3 weeks before breeding, during
breeding and up to a week after the 35-day breeding season.
Breeding ewes are also supplemented with lucerne, hay, and
special ram, lamb, and ewe pellets to enable them to produce
more milk for the offspring. Additional feed is given for each
multiple birth. The farm is also very strict with primary health
care policy, and animals are vaccinated and dewormed ac-
cording to a very strict protocol.

Due to their well-documented high average daily gain (Von
Seydlitz 1996), a significantly greater proportion of Dorper
lambs from the current study were weaned at less than 3 months
of age. Greater proportions of Damara lambs and Boer goat kids
were weaned at 3 to < 5 months and ≥ 5 months of age, respec-
tively. Findings of significantly greater proportions of Boer goat
and Kalahari Red kids being weaned at below 15 kg are contra-
dictory to those from other studies reporting the bulk of Boer
goat kids weaning at 20–29 kg after 4 months, a proof of better
pre-weaning performance in comparison with Damara and
Dorper lambs (King 2009; von Wielligh 2003). The reported
average daily gain (ADG) of the Boer goat varies widely from
129 to 240 g/day depending on the litter size, production system,
and whether or not they receive supplementary feeding (Barry
and Godke 1997; King 2009).

The current study found that a significantly greater propor-
tion of Damara lambs were weaned at 15 to < 25 kg, which is
in agreement with another study which reported an average
weaning weight of 19.8 kg for the same breed (Almeida
2011). The significantly greater proportion of Dorper lambs
weaned at ≥ 25 kg in the current study is in agreement with
that of other studies where ADG of 240–280/day in Dorper

Table 2 The overall effect of
breed and season on the birth
weight of lambs at Neudamm
farm

Birth weight category (N = 3388)

Breed (B) Season (S) < 3 kg (%) 3 to < 4 kg (%) 4 to < 5 kg (%) ≥ 5 kg (%)

Boer goat Winter 2 (.1) 43 (1.3) 11 (.3) 0 (0)

Summer 3 (.1) 101 (3.0) 17 (.5) 3 (.1)

Damara Winter 22 (.6) 363 (10.7)a 122 (3.6)b 27 (.8)

Summer 11 (.3) 312 (9.2)a 316 (9.3)b 55 (1.6)

Dorper Winter 54 (1.6)c 135 (4.0) 131 (3.9) 30 (.9)

Summer 34 (1.0)c 269 (7.9) 305 (9.0) 81 (2.4)

Kalahari Red Winter 2 (.1) 79 (2.3) 10 (.3) 1 (.03)

Summer 6 (.2) 134 (4.0) 23 (.7) 1 (.03)

Swakara Winter 19 (.6)d 86 (2.5) 201 (5.9) 17 (.5)

Summer 6 (.2)d 94 (2.8) 226 (6.7) 36 (1.1)

Significance B * ** ** *

S * ** * NS

B × S ** ** ** *

Values with the same sufficesa,b,c,d within the same breed were significantly different. *p < 0.01; **p < 0.001
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lambs were reported (Kleemann et al. 2000; Schoeman and
Burger 1992). Curiously, the Dorper sheep had the greatest
proportion that was weaned at unknownweight. The inference
that the farmermay be growingmore confident with this breed
is a tempting explanation here.

The low pre-weaning mortality rate of 4% obtained in this
study was a remarkable feat. Reported pre-weaning mortality
rates varied from as low as 1.79% (Swarnkar et al. 2019)
through 3–10% (Atashi et al. 2013; Chauhan et al. 2019) to
11–19.7% (Abdelqader et al. 2017; Elia 2018; Khan et al.
2006; Mustafa et al. 2014; Snyman 2010). The significantly
high average birth weight (95.3% of all offspring were >
3 kg), small litter size (63.5%, singleton births), and predom-
inantly summer lambing/kidding (59.66%) are all possible
explanations for the rather low mortality rate. Lamb survival
has often been positively associated with higher birth weight
and single-born lambs than with multiple-born lambs
(Aldridge et al. 2015; Hebart and Brien 2018; Juengel et al.
2018). Reports on the effect of season on neonatal viability are
conflicting at best. Higher neonatal mortalities have been re-
ported in kids/lambs born in both winter (cold and dry) and
summer months (hot and wet) (Belay and Haile 2011;
Deligiannis and Lainas 2000; Kandiwa et al. 2018).

The physical and metabolic limitations placed on multiple
born offspring during gestation resulting low birth weight and
subsequent suboptimal postnatal growth performance de-
serves special mention. Such kids/lambs are born with low
rectal temperatures, low levels of glucose, plasma protein,
cholesterol, and growth hormone, which could limit the speed
at which the offspring reaches the udder to suckle (Chniter
et al. 2013; Dwyer et al. 2016; Kenyon et al. 2019; Plush
2013). The metabolic pathways of these kids/lambs are still
largely immature (Plush 2013), consequently preventing rig-
orous suckling that provides fuel for the adjustment to early
life and facilitates bonding with their mothers to increase
chances of survival. These lambs/kids fail to consume suffi-
cient quantities of colostrum to enable them to fight diseases
(Chniter et al. 2013; Dwyer et al. 2016; Gökçe and Atakışİ
2019), and significant numbers of them face certain death.
High levels of immunoglobulin G (IgG) has been associated
with lower levels of mortality in sheep (Khan et al. 2006). Pre-
weaning mortality has been reported to be higher in males
than in females (Doaa et al. 2009; Mustafa et al. 2014;
Snyman 2010). According to one study, mis-mothering that
occurs when many does kid at the same time, was the single
most important cause of kid mortality (Petros et al. 2014). A
number of studies have demonstrated that paying attention to
feeding the dam in the middle to last trimester may help im-
prove the chances of survival for the lambs/kids to come out of
that pregnancy (McCoard et al. 2017; McGregor 2016).

The presence of dedicated small stock personnel for small
ruminants ensured that the animals were drenched for parasitic
diseases, were vaccinated for diseases, and were supervised

during birth, feeding, and colostrum intake and correctly
paired with their mothers, thus favouring lamb/kid survival.
The semi-extensive production system which ensures good
nutrition for the dams was possibly an additional factor in
favour of low neonatal mortalities in this study.

The Dorper breed was plagued by abortions and neonatal
deaths while the Damara breed experienced better neonatal
survival. Studies have often reported that neonatal mortality
rates differ between different breeds (Mukasa-Mugerwa et al.
2000; Swarnkar et al. 2019; Topal et al. 2017). The Dorper is a
synthetic breed, fashioned through the fusion of two exotic
breeds, and the Damara has literally tracked down from
North Africa to southern western Africa, over several hun-
dreds of years, from its origins in Asia (Kandiwa et al.
2019). According to a number of reports, the Damara has
adapted to local disease and production conditions, breeds
throughout the year, and has a good mothering ability
(Almeida 2011; Kandiwa et al. 2019; von Wielligh 2003).

Themajority of kids/lambswere born in summer (59.66%),
and overall, breed and season had an effect on birth weight.
Significantly more winter-born than summer-born Dorper and
Swakara lambs weighed below 3 kg than in summer. It is
surprising that the majority of Damara lambs were born in
winter with weights greater than 3 kg especially when recent
reports are pointing out that the breed now breeds equally well
throughout the year in the Namibia climate (Kandiwa et al.
2019). Earlier reports, however, have conflicting views on the
effect of lambing/kidding season on birth weight with some
reporting higher birth weights in winter-born lambs (Doaa
et al. 2009; Fasae et al. 2012) and yet others reporting higher
birth weights in summer-born lambs (Barzdina and Kairisa
2015; Hagan et al. 2014).

Since, nowadays, production trends and choices are influ-
enced and guided by market requirements, studies comparing
the ADG, fat cover, meat-to-bone ratio, meat yield (rib eye
area), moisture and drip loss, and sheer force of the Damara,
Dorper, and Karakul (Swakara) may need to be reconsidered.
Such studies showed that the Dorper had a superior pre-
weaning ADG, rib eye area, meat-to-bone ratio, and the best
(lowest) sheer force while the Damara had a superior fat thick-
ness and drip loss and the worst (highest) sheer force (Von
Seydlitz 1996). Similarly, other studies showed that the
Damara had superior polyunsaturated fatty acids (omega 3)
than Dorpers and Merinos. On the other hand, the Boer goat
has been reported to have a lean carcass whose meat is low in
cholesterol (Van Niekerk and Casey 1988; Simela et al. 2004;
Webb 2014). One study compared the meat quality character-
istics of the Damara, Dorper, and Boer goat and concluded
that the Boer goat had inferior carcass yield and lower meat-
to-bone ratio but had leaner carcasses and higher concentra-
tions of saturated fatty acids (Tshabalala et al. 2003).

Small ruminant production using the five breeds from this
current study under semi-extensive production conditions
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appears to be a viable proposal as the farmer is able to take
advantage of each of the best traits offered by each breed. The
results of this study showed that, overall, there were excellent
survivability, high birth weight, and highly efficient weaning
parameters though there is a pressing need for the farmer to
improve record-keeping pertaining to weaning weight and
age. It is, however, also apparent that singletons were the most
predominant litter size in this study. It is also noteworthy that
since the Damara and Dorper were the most populous breeds
in the study, their birth weight, neonatal viability, andweaning
ages/weights had a profound effect on the productivity of the
whole enterprise. There is very limited information regarding
the productivity data of the Kalahari Red goat in literature
(Kotze et al. 2004; Ramsay et al. 1998), and the results of
the current study may serve to bridge this information gap.
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