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ARTICLE INFO ABSTRACT

Keywords: Productivity and profitability of sheep farming are highly influenced by lamb survival and ewe reproductive
Crossbreeding performance. Thus, this study was conducted to evaluate the survival and reproductive performance of crossbred
Diseases

sheep. Data collected from 2009 to 2018 from Sirinka sheep breeding stations were utilized for this study. Sur-
vival analysis was conducted by using Survival Kit 6.12 software with the Weibull model and the general linear
model of SAS 9.0 was used to analyze reproductive traits. The overall mean survival rate of Dorper x Tumele
crossbred lambs at 3, 6 and 12 months of age were 86.0, 76.6, and 67.9%, respectively. About 46.8% of mortality
from the total death was observed during the first 120 days of life. Gastrointestinal parasites, pneumonia and
septicemia were the major causes of lamb mortality. Birth weight, birth type, sex and year of lambing were the
most important risk factors for survival of crossbred lambs. The overall least-squares means for litter size at birth,
litter size at weaning, total litter weight at birth and total litter weight at weaning were 1.10 lambs, 0.94 lambs,
3.28 kg and 15.5 kg, respectively. Birth type, sex and year of lambing were the most determinants of ewe pro-
ductive traits. Tumele and their crossbred sheep had good mothering ability necessary to successfully raise lambs
to weaning. The current crossbreeding program which aims to improving growth performance had a positive
influence on the survival rate of lambs. Improvement of environmental in the flock, special care for small lambs

Fitness traits
Mothering ability
Risk factors

and indirect selection based on birth weight would lead to further survival improvement.

1. Introduction

Sheep production is a major component of the livestock sector in
Ethiopia. There are around nine sheep breeds (Gizaw et al., 2008) and the
total population is about 29.7 million (CSA, 2016). However, the pro-
ductivity of indigenous sheep breeds and human population growth is
unbalanced. Thus, to meet the ever-increasing demand for animal
products and thus contribute to economic growth, intensification of
sheep production using more productive exotic genotypes has been
advocated as a means of improving the livelihoods of farmers. Accord-
ingly, Romney, Corriedale, Hampshire, Rambouillet, and Awassi sheep
breeds were imported to Ethiopia in different years since 1944
(Getachew et al., 2016). However, the contribution of these breeds
except Awassi sheep was negligible. Consequentially, the project entitled
Ethiopian Sheep and Goat Productivity Improvement Program (ESGPIP)
launched crossbreeding of indigenous ewes with Dorper sire breed in
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different parts of the country with a goal of improvement of meat pro-
duction since 2007.

Despite their productivity, poor fitness of the crossbreed sheep is a
great problem faced by sheep farming in tropics. Flock productivity and
profitability of sheep farming are highly influenced by lamb survival and
reproductive performance. The increase in the number of reared lambs
per maintained ewes can be considered as the increase of fertility,
lambing, number of lambs at birth and lamb weaning (Yavarifard et al.,
2015). Currently, crossbred rams were selected and shared to serve the
ewes in the communities. However, in order to further scale out this
crossbreeding program, it is important to evaluate the fitness traits
(survival and reproductive performances) of the crossbreds. Moreover, it
is paramount to have information about the influences of genetic and
non-genetic factors on fitness traits. However, there is little evidence in
this regard in Ethiopia. Therefore, the objectives of this study were to
evaluate the survival and reproductive performance of crossbred sheep.
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2. Materials and methods
2.1. Study area and flock management

The study was conducted at Sirinka sheep breeding station which is
located 508 km away from Addis Ababa at an altitude of 1850 m.a.s.l and
at 11°45' 00” N and 39°36° 36” E. The mean annual rainfall amount of
the area is on average about 950 mm. The area is a moderately warm
temperature zone with a mean daily temperature ranges from 13.7 - 26.4
°C.

Sheep were allowed to lambing throughout the year following a
natural controlled breeding program. The ewes were mated with rams at
a ratio of 20-30 to 1 and the sire kept with ewes for 45 days. At mating,
ewes were herded with their respective sire groups during the daytime
and depart for the night time.

Newly born lambs were kept together for up to three to five days with
their dam then after lambs were isolated and suckled three times per day
until three months (weaning) age. In addition to their dam's milk, lambs
had access to concentrate feed (100 g/day/lamb) until weaning. All
breeding sheep were allowed graze/browse on natural pasture for 6:00 h
from 9:00-11:00 h in the morning and from 14:00-16:00 h in the af-
ternoon. Both weaned male and female lambs were supplemented with
200 g/day/animal concentrate mix once in the afternoon. During late
gestation and early lactation period, 400 g of concentrate mixture was
provided in the evening hours after grazing/browsing per day per ani-
mal. However, the supplementation of the flock was not-regular due to
financial limitation, i.e. during this period supplementation was allowed
once in two days. All sheep were housed in semi-opened concrete barns
at night and had access to water freely. Sheep were vaccinated against
Sheep and Goat pox, Anthrax and Pestis Des Petites Ruminants diseases.
They were treated regularly for internal and external parasites. And also
dipped and sprayed for ticks, mites and other ectoparasite control and
prevention.

2.2. Studied traits

The mortality, out flow and causes of the death or exit of the lambs
from the flock up to yearling age, were recorded by veterinary experts
and utilized in this study. The survival traits included in this a study were
survival from birth to 3, 6 and 12 months of age. For each time of sur-
vival, a lamb attained a censored code for Weibull proportional hazards
model (O for right-censored and 1 for death related to viability). The total
numbers of records were 530; the proportion of the right-censored re-
cords at 3, 6 and 12 months of age was 86.04, 76.60 and 67.92%,
respectively. Lambs removed from the flock due to reasons not related to
their viability i.e. disseminated to farmers for mating, died due to car
accidents and culling related to flock management were not considered
in this study.

The reproductive traits include litter size at birth (LSB), litter size at
weaning (LSW), total litter weight at birth (TLBW) and total litter weight
at weaning (TLWW). Litter size at birth is the number of lambs born alive
per ewe lambing. Litter size at weaning is the number of lambs present at
three months per ewe lambing, while their total weight signifies the litter
weight at birth and three months per ewe lambing.

2.3. Statistical analysis

2.3.1. Survival analysis

The survival analysis was conducted using Survival kit version 6.12
software (Mészaros et al., 2013). The Weibull distribution assumptions
for survival data at different ages were tested according to Ducrocq et al.
(2000) by plotting the value of log [-log S (£)] against log (t). Estimation
of the survivor function was computed as follow (Kaplan and Meier,
1958):

Skm () = ITi i < « [(ni-di)/nj]
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Where, Sk (t) is the value of survival function at a time t;, n; is the number
of lambs alive at time t; and d; is the number of lambs died at time t;.

Then Weibull proportional hazard model for the death of a particular
lamb at a time (t) was designed as follow:

Mt) = () x exp [BT; + SSj + SX; + DGy + Ty + Ly + W,

where, A(t) = the risk of death or probability of lamb being died at time t,
Ao(t) = the baseline hazard function with shape parameter p and scale
parameter A of the Weibull distribution or 1¢(t) = /Ip(it)”’l, BT; is fixed
effect of the i birth type, SS; s fixed effect of the jth season of birth, SXj is
fixed effect of the k™ sex of lamb, DG; is fixed effect of the 1" dam ge-
notype, Ty, is fixed effect of the m™ year of birth, L, is fixed effect of the
n™ lamb blood level, and W, is fixed effect of o birth weight category.
The importance of the explanatory variables was tested by using a like-
lihood ratio test to find out the best model.

2.3.2. Reproductive traits

The reproductive traits were analyzed by using a general linear model
(GLM) procedure of SAS (2002). Differences between the least-square
means of a trait for different genetic and non-genetic factors were
tested using the Tukey-Kramer test based on the ANOVA result. The
statistical models were as follow:

Yijkim = B + Dj + Sj + Xk + Wi + €jjkim

where,

Yijkimn = the response variable

p = overall mean

D; = effect of i genotype (2 levels: Tumele and Dorper x Tumele or F1)
S; = effect of j‘h season of lambing (3 levels: main rain, short rain and dry)
Xy = effect of k" sex of lamb (2 levels: male and female)

W, = effect of 1 year of lambing (10 levels: 2009-2018)

€jjkim = random error term associated with each observation

3. Results and discussion
3.1. Survival and risk factors

The risk ratios and the influences of different risk factors are pre-
sented in Table 1. The overall mean survival rate of Dorper x local
crossbred lambs at 3, 6 and 12 months of age was 86.0, 76.6, and 67.9%,
respectively. Relatively higher mortality up to weaning (16.7%) and up
to yearling age (36.3%) than the current finding was reported by
Getachew et al. (2015) for Menz sheep. Likewise, the survival rate of
crossbreds up to 3 months of age was higher than the value (81%) re-
ported by Abebe et al. (2015) for Dorper x Menz crossbred sheep.
However, relatively better survival (80%) at 6 months of age was noted
by the same author. Based on the likelihood ratio test, birth weight, birth
type, sex and year of lambing had a considerable (P < 0.05) influence of
lamb survival. However, the season of lambing, dam genotype and blood
level were not significant sources of variation for the survival of lambs at
different ages.

The effect of birth type was higher in first the period and then it was
declining over the period. The risk of death with twin born lambs was
increased by 38% and 30% compared with single born lambs at 3 and 6
months of age, respectively. However, the influence of birth type at
yearling age was found to be non-significant. These results are in
agreement with previous studies (Casellas et al., 2007; Sawalha et al.,
2007; Bangar et al., 2016; Abdelqgader et al., 2017). According to
Abdelqader et al. (2017), lambs born from twin or triplets litters were
under very high risk to die from hypothermia, starvation, gastrointestinal
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Table 1. Risk ratios for the explanatory variables.

Source of variation Survival at 3 month

Survival at 6 month

Survival at 12 month

NF RR P-value NF RR P-value NF RR P-value
Birth type * * ns
Single 56 1.00 - 98 1.00 - 138 1.00
Twin 18 1.38 0.0351 26 1.30 0.0310 32 0.91 0.7097
Birth weight i * i
<2.0 17 1.62 0.1802 24 1.14 0.6332 31 2.34 0.0019
2.1-2.9 27 1.00 - 46 1.00 - 61 2.01 0.0011
3.0-3.9 23 0.41 0.0072 44 0.53 0.0080 66 1.00
>4.0 7 0.64 0.3629 10 0.67 0.3046 12 0.92 0.8035
Sex ns * *
Male 41 1.00 70 1.00 89 1.00
Female 33 0.61 0.0658 54 0.62 0.0141 81 0.69 0.0397
Vear Kok ook ok
2009 8 0.57 0.4024 10 0.19 0.0016 13 0.31 0.0172
2010 3 0.16 0.0377 0.09 0.0003 8 0.20 0.0065
2011 2 0.21 0.1148 0.14 0.0028 12 0.32 0.0461
2012 11 0.90 0.8672 12 0.24 0.0036 15 0.39 0.0495
2013 6 1.62 0.4901 9 0.66 0.4049 13 1.31 0.5822
2014 11 2.76 0.1948 22 1.00 - 23 2.11 0.1739
2015 11 1.18 0.7421 17 0.45 0.0815 18 0.65 0.2156
2016 12 1.00 - 18 0.36 0.0435 35 1.00
2017 8 0.80 0.7248 21 0.48 0.0658 27 1.13 0.7641
2018 2 0.22 0.1262 5] 0.17 0.0112 6 0.30 0.0461

NF, number of failures; RR, risk ratio; Ns, P > 0.05; ***, P < 0.001; **, P < 0.01; *, P < 0.05.

infections and respiratory infections. Besides, lower birth weights, larger
surface area to lose body heat, smaller reserves of body fat and compe-
tition with its litter mate for colostrum and milk are the other possible
causes of poor survival of twins (Hatcher et al., 2009, 2010. This suggests
that including litter size as a breeding goal trait increases the number of
lambs born over time while decreasing their chances of survival. Besides,
ewes that gave high birth weight in their lambs also had higher survival
of lambs indicating the possibility of genetic improvement through se-
lection using a maternal line.

The risk of mortality tended to decreases with the increases in the
birth weight of lambs. The lower birth weight (<2.0 kg) was associated
with a 62% increase in the risk of death at 3 months and a 14% increase
in the risk of death at 6 months of age compared with lambs in the ond
birth weight category (2.1-2.9 kg). At 12 months of age, lambs in the 1%
birth weight category (<2.0 kg) and lambs in the 2°¢ birth weight cate-
gory (2.1-2.9 kg) were associated with 134% and 101% increase in the
risk of mortality, respectively when compared with 3" birth weight
category (3.0-3.9 kg). Likewise, Abdelgader et al. (2017) noted that
small size lambs (<2 kg birth weight) were more susceptible to die than
lambs born with greater birth weights (3-4 kg). High risk of mortality for
lower birth weights can be related to reducing fetal lipid reserves
(Casellas et al., 2007) which increases susceptibility to hypothermia and
starvation and thereby attenuated lamb vitality. This suggests that
manipulating ewe nutrition during pregnancy to increase birth weight
will improve lamb survival.

The risk of death with female lambs was reduced by 38% and 31%
compared with male lambs at 6 and 12 months of age, respectively. The
superiority of female lambs in their survival was reported elsewhere
(Sawalha et al., 2007; Barazandeh et al., 2012; Binabaj et al., 2013;
Getachew et al., 2015; Bangar et al., 2016; Abdelgader et al., 2017). The
exact causes of the superiority of female lambs in terms of survival rate
were not noted in most of the studies. However, Dwyer (2003) found out
that male lambs were slower to stand and suck than female lambs in
Suffolk sheep breed. This could be the possible reason for the observed
superiority in survival for females over males.

The year of lambing exerted a significant influence on the survival of
crossbred lambs. The year 2010 was associated with an 84% decrease in
the risk of mortality and the year 2014 was associated with a 176% in-
crease in the risk of mortality at 3 months of age compared with lambs
born in 2016. Likewise, at yearling age, the risk of death for lambs born
during 2014 was increased by 111%, but lambs born in 2010 and 2018
reduced by 80% and 70%, respectively compared with lambs born in
2016. The influence of the year can be associated with variation in cli-
matic conditions which affect lamb survival through the effects on the
nutritional status of the grazing ewe and lambs.

The survival rate of lambs was decreasing at an increasing rate up to
120 days of age and decreasing at a decreasing rate afterward. About
46.8% of mortality from the total death was observed during the first 120
days of life (Figure 1). It is quite clear that lamb survival up to this age is
directly or indirectly associated with the condition of ewes. Thus, there
should be due attention (improving management) for both lambs and
ewes in order to reduce the loss of lambs.

Gastrointestinal parasites, pneumonia and septicemia were the major
causes of lamb mortality (Table 2). The grazing behavior of crossbreds,
lack of appropriate post-lambing management and level of the fat reserve
could be the possible reasons for the occurrence of internal parasites and
pneumonia, respectively.

3.2. Reproductive performance and the influence of environmental factors

A reproductive trait of Tumele and their crossbred with Dorper sheep
are shown in Table 3. The coefficient of variation for LSW and TLWW
indicates that there is a variation among ewes in terms of raising lambs.
The litter size at birth and at weaning for both genotypes in this study is
comparable with the report of Mokhtari et al. (2010) for Kermani sheep
and Taye et al. (2011) for Washera sheep. Except for TLWW, the repro-
ductive performance of Tumele and their crossbred with Dorper sheep
was found to be similar (P > 0.05). The superiority of crossbred ewes for
TLWW could be due to the advantage of a non-additive genetic effect, as
the heterosis for the reproductive trait is high. However, the observed
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Figure 1. Kaplan - Meier survival function and cumulative hazard curve of lambs from birth to yearling age.
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Table 2. Distribution of dead lambs up to yearling age into each cause of death category.

Causes of mortality N Mean + SE
Gastrointestinal parasites 59 34.2 £+ 3.60
Pneumonia 30 17.4 + 2.74
Septicemia 28 16.3 + 2.66
Dermatitis 23 13.5 + 2.45
Nervous disturbance 10 5.86 + 1.68
Metabolic diseases 9 5.24 4+ 1.60
Abscess 3 1.74 + 0.94
Ecto-parasites 3 1.74 + 0.94
Wound 3 1.74 + 0.94
Conjunctivitis 2 1.16 £ 0.77
N, number of dead lambs.
Table 3. Reproductive performance (LSM+SE).
Source of variation N LSB(lamb) N LSW(lamb) N TLBW(kg) N TLWW (kg)
LSM=+SE LSM=SE LSM=SE LSM=SE
Overall 490 1.10 + 0.01 483 0.94 + 0.02 489 3.28 + 0.04 415 15.5 + 0.23
CV (%) 490 4.06 483 39.2 489 225 415 26.3
Genotype ns ns ns *x
Tumele 377 1.09 + 0.01 370 0.95 + 0.02 376 3.26 + 004 324 15.1 + 0.23
D x T (F1) 113 1.11 + 0.03 113 0.93 + 0.04 113 3.37 + 0.09 91 16.4 + 0.68
Season ns ns ek ns
Dry 155 1.12 + 0.02 156 0.99 + 0.03 155 3.27 + 0.07° 137 16.1 + 0.46
Main rain 105 1.08 + 0.02 104 0.90 + 0.04 105 2.86 + 0.07° 84 14.5 + 0.48
Short rain 229 1.09 + 0.02 223 0.93 + 0.03 229 3.48 + 0.04% 194 15.6 + 0.30
Sex ns ns * xx
Female 244 1.11 + 0.02 241 0.97 + 0.02 244 3.21 + 0.06 211 14.9 + 0.27
Male 246 1.08 + 0.01 242 0.92 + 0.02 245 3.36 + 0.06 204 16.1 + 0.38
Year ns ok e s
2009 69 1.04 + 0.02 69 0.94 + 0.04" 69 3.23 + 0.07°% 65 16.0 + 0.45™
2010 61 1.09 + 0.04 61 1.03 + 0.04%® 61 3.67 + 0.14%° 59 16.1 + 0.58™
2011 58 1.01 + 0.01 58 0.98 + 0.03%° 58 3.31 + 0.06"4 56 13.0 + 0.29°
2012 60 1.13 + 0.04 60 0.93 + 0.06 60 3.47 + 0.12% 48 15.2 + 0.51°¢
2013 24 1.04 + 0.04 24 0.79 + 0.10%4 23 3.31 + 0164 13 17.8 + 1.53%
2014 30 1.06 + 0.05 30 0.73 + 0.08¢ 30 2.57 + 0.12f 23 12.7 + 0.76°
2015 51 1.11 + 0.04 51 0.88 + 0.06°¢ 51 2.83 +0.11° 42 16.7 + 0.82%
2016 57 1.19 + 0.05 57 1.00 + 0.06™ 57 3.54 + 0.16™ 49 16.8 + 0.83"
2017 48 1.08 + 0.04 48 0.91 + 0.07° 48 2.97 + 0.10% 36 13.3 + 0.60%
2018 25 1.20 + 0.08 25 1.12 + 0.06° 25 3.75 + 0.20% 24 19.4 + 1.40°

Ns, P > 0.05; ***, P < 0.001; **, P < 0.01; *, P < 0.05.

LSB, litter size at birth; LSW, litter size at weaning; TLBW; total litter weight at birth; TLWW, total litter weight at weaning; D, Dorper; T, Tumele sheep.
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values for LSB indicate that both genotypes are not that much prolific, but
the value for LSW indicates their good mothering ability necessary to
successfully raise lambs to weaning age.

Year of lambing was an important source of variation for all investi-
gated reproductive traits except LSB. The influences of the year of
lambing on reproductive traits are reported elsewhere (Mokhtari et al.,
2010; Mohammadi et al., 2012; Boujenane et al., 2013). Reproductive
traits are under the control of dam nutrition during and before pregnancy
(Martin et al., 2004). Thus, the variation among season and among years
may be explained by variation in the climate conditions and dependence
of sheep to pastures, management and breeding conditions of mothers
and lambs feeding in various years.

The TLBW and TLWW for male lambs were higher than female lambs.
This result is consistent with several studies (Zhang et al., 2009; Kebede
et al., 2012; Yavarifard et al., 2015). The superiority of males could be
explained by the variability of the influence of sex hormones (androgen)
on muscle development among males and females. Moreover, ewes
which carry male lambs had higher cotyledon number and heavier
placental weight than ewes carry female (Jawasreh et al., 2009). Ac-
cording to Oramari et al. (2011), the correlation between birth weight
and weight of cotyledon is 0.64. This may be the other possible reason for
the superiority of males than female counterparts.

TLBW is an important reproductive trait which measures the capacity
of the dam to produce kid weight at birth regardless of their number
(Mokhtari et al., 2010; Rashidi et al., 2011). Lambing season exerted a
significant influence on TLBW and ewes lambing during the short rainy
season had higher TLBW than ewes lambing in the other seasons. The
mating season for ewes lambing during short rainy season was during dry
season when there is no enough feed resource. This could be the possible
reason for observed lower TLBW, as birth weight is under the influence of
dam conditions.

4. Conclusion

In conclusion, most of the deaths occur during the pre-weaning
period. Birth weight, birth type, sex and year of lambing were the most
important risk factors for a survival rate of crossbred lambs. Tumele and
Dorper x Tumele sheep are not that much prolific, but they had good
mothering ability necessary to successfully raise lambs to weaning age.
The current crossbreeding program which aims to improving growth
performance had a positive influence on the survival of lambs.
Improvement of environmental in the flock, special care for small lambs
and indirect selection based on birth weight can lead to further survival
improvement.

Declaration
Author contribution statement

Z. Tesema: Conceived and designed the experiments; Analyzed and
interpreted the data; Wrote the paper.

B. Deribe, A. Kefale, M. Lakew, M. Tilahun and M. Shibesh: Performed
the experiments.

N. Belayneh, A. Zegeye, G. Worku and L. Yizengaw: Performed the
experiments; Contributed reagents, materials, analysis tools or data.

Funding statement

This work was supported by the Ethiopian Sheep and Goat Produc-
tivity Improvement Program and Amhara Agricultural Research Institute.

Competing interest statement

The authors declare no conflict of interest.

Heliyon 6 (2020) e03840
Additional information
No additional information is available for this paper.

References

Abebe, A., Gizaw, G., Bisrat, A., Besufekad, S., Goshme, S., Abebe, A., Mekonen, T., 2015.
Reproductive Performance and Lamb Survival of Pure Dorper and Indigenous Sheep
Breeds Sired by Dorper Sheep: The Case of DebreBirhan Research Center, Ethiopia.

Abdelqader, A, Irshaid, R., Tabbaa, M.J., Abuajamieh, M., Titi, H., Al-Fataftah, A., 2017.
Factors influencing Awassi lambs survivorship under fields conditions. Livest. Sci.
199, 1-6.

Bangar, Y.C., Pachpute, S.T., Nimase, R.G., 2016. The survival analysis of the potential
risk factors affecting lamb mortality in deccani sheep. J Dairy Vet Anim Res 4 (2),
266-270.

Barazandeh, A., Moghbeli, S.M., Vatankhah, M., Hossein-Zadeh, N.G., 2012. Lamb
survival analysis from birth to weaning in Iranian Kermani sheep. Trop. Anim. Health
Prod. 44 (4), 929-934.

Binabaj, F.B., Tahmoorespur, M., Aslaminejad, A.A., Vatankhah, M., 2013. The
investigation of non-genetic factors affecting survival of Karakul lambs from birth to
one year of age using linear and nonlinear models. Small Ruminnant Research 113
(1), 34-39.

Boujenane, I., Chikhi, A., Sylla, M., Ibnelbachyr, M., 2013. Estimation of genetic
parameters and genetic gains for reproductive traits and body weight of D’'man ewes.
Small Rumin. Res. 113, 40-46.

Casellas, J., Caja, G., Such, X., Piedrafita, J., 2007. Survival analysis from birth to slaughter of
Ripollesa lambs under semi-intensive management. J. Anim. Sci. 85, 512-517.

CSA (Central Statistical Agency), 2016. Federal democratic republic of Ethiopia.
Agricultural sample survey. In: Report on Livestock and Livestock Characteristics;
Statistical bulletin583CSA: Addis Ababa, Ethiopia, 2, pp. 12-25.

Ducrocq, V., Besbes, B., Protais, M., 2000. Genetic improvement of laying hens viability
using survival analysis. Genet. Sel. Evol. (Versailles) 32, 23-40.

Dwyer, C.M., 2003. Behavioural development in the neonatal lamb: effect of maternal
birthrelated factors. Theriogenology 59, 1027-1050.

Getachew, T., Gizaw, S., Wurzinger, W., Haile, A., Rischkowsky, B., Okeyo, A.M.,
Solkner, J., Mészaros, G., 2015. Survival analysis of genetic and non-genetic factors
influencing Ewe longevity and lamb survival of Ethiopian sheep breeds. Livest. Sci.
176, 22-32.

Getachew, T., Haile, A., Wurzinger, M., Rischkowsky, M., Gizaw, S., Abebe, A., Solkner, J.,
2016. Review of sheep crossbreeding based on exotic sires and among indigenous
breeds in the tropics: an Ethiopian perspective. Afr. J. Agric. Res. 11 (11), 901-911.

Gizaw, S., Komen, H., Windig, J.J., Hanotte, O., Van Arendonk, J.A.M., 2008.
Conservation priorities for Ethiopian sheep breeds combining threat status, breed
merits and contributions to genetic diversity. Genet. Sel. Evol. 40, 433-447.

Hatcher, S., Atkins, K.D., Safari, E., 2009. Phenotypic aspects of lamb survival in
Australian Merino sheep. J. Anim. Sci. 87 (9), 2781-2790.

Hatcher, S., Hinch, G.N., Kilgour, R.J., Holst, P.J., Refshauge, P.G., Shands, C.G., 2010.
Lamb survival — balancing genetics, selection and management. AFBM Journal 7 (2).

Jawasreh, K.I.Z., Awawdeh, F.T., Al-Khasawneh, A.Z., Shdaifat, B., Al-Shboul, H.,
AlHamed, B., 2009. The effect of some placental factors in birth weight of Awassi
lambs. Res. J. Anim. Vet. Sci. 4, 5-8.

Kaplan, E.L., Meier, P., 1958. Non-parametric estimation from incomplete observations.
J. Am. Stat. Assoc. 53, 457-481.

Kebede, T., Haile, A., Dadi, H., Alemu, T., 2012. Genetic and phenotypic parameter
estimates for reproduction traits in indigenous Arsi-Bale goats. Trop. Anim. Health
Prod. 44, 1007-1015.

Martin, G.B., Milton, J.T.B., Davidson, R.H., Banchero Hunzicker, G.E., Lindsay, D.R.,
Blache, D., 2004. Natural methods for increasing reproductive efficiency in small
ruminants. Anim. Reprod. Sci. 82-83, 231-245.

Mészaros, G., Solkner, J., Ducrocq, V., 2013. The Survival Kit: software to analyze
survival data including possibly correlated random effects. Comput. Methods Progr.
Biomed. 110 (3), 503-510.

Mohammadi, H., Moradishahrebabak, M., Moradishahrebabak, H., Vatankhah, M., 2012.
Estimation of genetic parameters of reproductive traits in Zandi sheep using linear
and threshold models. Czech J. Anim. Sci. 57, 382-388.

Mokhtari, M.S., Rashidi, A., Esmailizadeh, A.K., 2010. Estimates of phenotypic and genetic
parameters for reproductive traits in Kermani sheep. Small Rumin. Res. 88, 27-31.

Oramari, R.A.S., Alkass, J.E., Hermiz, H.N., Hussein, Y.Y., 2011. Some placental factors
and their relevance to variation in birth weight of Karadi lambs. Res. Opin. Anim.
Vet. Sci. 165-168.

Rashidi, A., Mokhtari, M.S., Esmailizadeh, A.K., Asadi Fozi, M., 2011. Genetic analysis of
Ewe productivity traits in Moghani sheep. Small Rumin. Res. 96, 11-15.

SAS, 2002. SAS User's Guide Version 9.1: Statistics. SAS Institute Inc, Cary, NC.

Sawalha, R.M., Conington, J., Brotherstone, S., Villanueva, B., 2007. Analyses of lamb
survival of Scottish Blackface sheep. Animal 1, 151-157.

Taye, M., Abebe, A., Lemma, S., Gizaw, S., Mekoya, A., Tibbo, M., 2011. Reproductive
performances and survival of Washera sheep under traditional managment systems at
yilmanadensa and quarit districts of the Amhara national regional state, Ethiopia.
Journal of Animal Science and Veterinary Advances 10 (9), 1158-1165.

Yavarifard, R., Ghavi Hossein-Zadeh, N., Shadparvar, A.A., 2015. Estimation of genetic
parameters for reproductive traits in Mehraban sheep. Czech J. Anim. Sci. 60 (6),
281-288.

Zhang, C.Y., Chen, S.L., Li, X., Xu, D.Q., Zhang, Y., Yang, L.G., 2009. Genetic and phenotypic
parameter estimates for reproduction traits in the Boer dam. Livest. Sci. 125, 60-65.


http://refhub.elsevier.com/S2405-8440(20)30685-X/sref1
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref1
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref1
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref2
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref2
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref2
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref2
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref3
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref3
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref3
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref4
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref4
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref4
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref4
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref5
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref5
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref5
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref5
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref5
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref6
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref6
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref6
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref6
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref7
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref7
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref7
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref8
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref8
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref8
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref8
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref9
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref9
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref9
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref10
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref10
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref10
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref11
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref11
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref11
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref11
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref11
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref11
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref11
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref11
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref12
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref12
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref12
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref12
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref12
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref13
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref13
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref13
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref13
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref14
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref14
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref14
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref15
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref15
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref15
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref16
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref16
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref16
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref16
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref17
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref17
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref17
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref18
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref18
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref18
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref18
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref19
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref19
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref19
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref19
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref19
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref20
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref20
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref20
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref20
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref20
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref20
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref20
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref21
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref21
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref21
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref21
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref22
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref22
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref22
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref23
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref23
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref23
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref23
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref24
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref24
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref24
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref26
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref27
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref27
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref27
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref28
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref28
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref28
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref28
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref28
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref30
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref30
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref30
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref30
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref31
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref31
http://refhub.elsevier.com/S2405-8440(20)30685-X/sref31

	Survival analysis and reproductive performance of Dorper x Tumele sheep
	1. Introduction
	2. Materials and methods
	2.1. Study area and flock management
	2.2. Studied traits
	2.3. Statistical analysis
	2.3.1. Survival analysis
	2.3.2. Reproductive traits


	3. Results and discussion
	3.1. Survival and risk factors
	3.2. Reproductive performance and the influence of environmental factors

	4. Conclusion
	Declaration
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	References


