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A B S T R A C T 

 

Reproductive performance and survival rate of Washera sheep 
was evaluated in western highlands of Amhara region. Data collected 
from 2007 to 2010 in Farta and Lay Gaint districts with farmers 
management system and at Adet Washera sheep breed 
improvement sub-center were used for the study. The effect of 
different fixed effects like management system, lamb sex, parity of 
dam, season of birth/lambing, year of birth/lambing and lamb birth 
type on reproductive performance and survival rate were analyzed. 
The effect of management system and birth year on weight at first 
lambing were significant that Ewes under station management 
system had lower weight than their farm managed contemporaries 
(20.03±1.7 kg vs. 23.79±1.4 kg, p<0.01). The least squares mean 
lambing interval and annual reproductive rate of Washera sheep 
under farm and station management were 303 days & 1.46 and 263 
days & 1.40, respectively. Management system, lambing year, 
lambing season and ewe parity affected lambing interval and annual 
reproductive rate of Washera sheep. The overall least squares mean 
survival rate (%) of Washera sheep from birth to one month, three 
months, six months, nine months and yearling of age were 93, 86, 78, 
72 and 67%, respectively. Management system, lambing year, 
lambing season and ewe parity were found to affect survival of 
Washera sheep to all ages considered. The lower performances of 
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sheep in most of the traits considered (eg., weight at first lambing, 
EPPWt and survival), in the station indicated the substandard 
management level followed in the station which needs great 
attention by the center. On the other hand, the better performance 
on the farmer management level shows the wider environmental 
adaptation of Washera sheep which can be used in similar agro-
ecological condition to the study areas. Different fixed effects 
influenced both reproductive performances and survival rates in the 
study and needs to be considered whenever there is a need to 
improve the performances of Washera sheep breeds both under 
farm and station management system in the highlands of Ethiopia. 

© 2013 Sjournals. All rights reserved. 

1. Introduction 

Sheep production is an important agricultural activity in Ethiopia supporting the livelihoods of many poor 
people providing meat, fibre and manure. They are sources of cash income for the family. There are a large 
number and breeds of sheep in the country which are maintained under the traditional low-input-low-output 
system of production. Because native sheep breeds are selected and developed for fitness traits for which natural 
selection operates for the environmental conditions prevailing in the area, production and productivity is very low 
(Riggio et al., 2008).  

In Ethiopia, there have been different efforts to improve the productivity of indigenous sheep through 
crossbreeding and within breed selection programs. The crossbreeding program has been started since 1944 using 
exotic breeds (Tibbo, 2006). However, the efforts were not as such successful for different reasons (Taye et al., 
2011). With this regard, the Amhara national regional state Bureau of Agriculture and Rural Development has 
designed a strategy to use Washera sheep to improve the productivity of other local sheep breeds in the region 
which are believed to be low performing (BoARD, 2004). Washera sheep is recognized as one of the promising 
indigenous sheep breed in Ethiopia with an adaptation to a wide range of agro-climatic conditions (Mengistie et 
al., 2009; Solomon et al., 2010). With this initiative Washera sheep was distributed into different areas of the 
region including Farta and Lay Gayint districts of south Gonder zone. Along with this a Washera sheep breed 
improvement center was established by Andasa Livestock Research Center at Adet.  

This paper compares the reproductive performances and survival of Washera sheep under the traditional 
management system of Farta and lay Gaint districts and under station management systems in Adet sheep 
breeding center. 

2. Materials and methods 

2.1. Description of the study area 

Data on reproduction and off-take of sheep was collected from farmers’ flocks in Farta and Lay Gaint districts 
and from Adet government sheep research station in Amhara Region, Northwest Ethiopia.  

Farta district is situated at 11°40′  N latitude and 38° E longitude and located at about 100 km north-east of 
Bahir Dar, capital city of the Amhara Region, Ethiopia. It lies within an altitude range of 1920-4135 m a.s.l. The 
district receives an average annual rain fall of 900-1099 mm and a mean-range temperature of 9-25 OC (Farta 
District OoARD, Annual report). The district’s major socio- economic problem is food insecurity (Alemtsehay and 
Girma, 2006). 

Lay Gayint is situated at 11o43’N latitude and 38o18’E longitude and located at 175 km north-east from Bahir 
Dar. It lies within an altitude range of 1300-3500 m a.s.l. The district receives a mean annual rainfall of 600-1100 
mm and mean range temperatures of 9-19 OC, respectively (Ethiopian National Meteorological Agency, 
unpublished). It is characterized by drought, sever soil erosion, poor soil fertility, frost and shortage of arable land, 
crop disease and pest hail damage, landslide and feed shortage (South Gonder Zone BOA, 2008). 
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Adet Washera sheep improvement sub-center is situated at 11°10′ –11°15′  N latitude and 37°30′ –37°40′  E 

longitude and found in Yilmanadensa district which is located at about 40km in south-east of Bahir Dar at an 
altitude of 2,300 m a.s.l. It has a uni-modal type of rainfall receiving a mean annual rainfall of about 1270 mm 
(1051 to 1488 mm) which occurs from May to October (ENMA, unpublished). 

2.2. Flock management 

2.2.1. On-farm flock management 

In Farta and Lay Gaint districts farmers keep sheep in combination with other livestock species like cattle and 
equines .The main feed sources for sheep in the study area are natural grazing land, crop residue, improved forage, 
crop aftermath and concentrates. During crop harvesting times, sheep have access to browse on crop aftermath. 
Breeding is year-round. Farmers in the study areas house their sheep throughout the year to protect them from 
sun, rain, wind, theft and wild animals (Shigdaf et al., 2012). 

 
Since the start of data collection, sheep have been de-wormed for internal parasite three times a year; at the 

end of rainy season, at mid dry season and at the onset of rainy season. Animals have also been sprayed for 
external parasites when tick infestation is high. Vaccination against pasteurellosis, anthrax and black leg has been 
given once a year. 

2.2.2. On-station flock management 

Flocks in the station had on average eight to ten hours grazing time per day depending on the season; during 
the rainy season, the duration is shorter. Sheep graze on natural grazing land during the day and were 
supplemented with hay and crop residue. Suckling animals with their lambs had access to concentrate 
supplementation (200g of maize and nougcake mixture per day). The sheep also had free access to clean water.  

Herding is based on age, sex and breeding groups that lambs to weaning, growing lambs, breeding ewes and 
rams were herded separately during the day and housed in separate houses except suckling ewes and lambs that 
housed together during the night. Breeding was controlled which was designed to lamb three times in two years. 
Breeding ewes in a group run with a ram (1 ram to 25 ewes) during the mating season and they were not allowed 
to mix with each other. All animals were vaccinated, de-wormed for internal parasite and sprayed for external 
parasite.  

2.3. Data collection and management  

Data from 118 farm flocks and station flocks collected from 2007 to 2010 was used for the study. Plastic ear 
tag was used for identification of animals to facilitate recording. On-farm data were collected by trained 
enumerators supervised monthly by researchers from research station while station data were collected by animal 
science diploma holders. Reproduction and survival data collected and recorded within 24 hrs of lambing were 
ewe ID, lambing/birth date, lamb birth weight, ewe postpartum body weight, type of birth, sex of lamb and parity 
of dam, mortality date, date when sheep is out from the farm for different reasons as sale, gift, loss, death etc.  

2.4. Data analysis 

Data on reproductive performances and survival rate was analysed using General Linear Model procedures of 
the Statistical Analysis System (SAS, 2003). 

 The fixed effects considered were management system, lamb sex, parity of the dam, season of 
birth/lambing, year of birth/lambing and lamb birth type. Season of birth was defined as dry (November to April) 
and wet (May to October). Lamb birth weight was classified as heavy (>3 kg), medium (2-3 kg) and light (<2 kg) 
based on literature used for the same breed (Mengistie et al., 2011). When analysis of variance declared 
significance, least squares means were separated using Tukey-Kramer test. 

The response variables analysed were age at first lambing (AFL), weight at first lambing (WFL), lambing 
interval (LI), litter size (LS), annual reproductive rate (ARR) and survival from birth to different ages. ARR was 
computed as litter size multiplied by 365 divided by lambing interval (days). Survival traits coded as binary traits 
were determined by whether or not a lamb survived to the end of each period according to Nguti et al. (2003). 
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Survival was studied to five different age classes; from birth to 30 days, birth to 90 days, birth to 180 days, birth to 
270 days and birth to 365 days. Interaction effects and co-variances were tested and resulted non-significant.  

 
Model 1: Analysis of variance of age and weight at first lambing  

Yij = µ + Pi + Yj + eij 
Where: Yij = the observation on age and weight at first lambing 

 = Overall mean 
Pi = Management system (i = on-farm, on-station) 
Yj = Fixed effect of ewe birth year (j = 2007, 2008)  
eij = effect of random error 
 

Model 2: Analysis of variance of lambing interval, litter size and annual reproductive rate 
Yijklmn = µ + Pi+ S j + T k + Yl + Zm+ eijklm 
Where: Yijklm= the observation on LI, LS and ARR 

 = Overall mean 
Pi = Fixed effect of ewe parity (j = 1, 2, 3, 4, 5, ≥6) 
Sj= Fixed effect of lamb birth season (k = dry, wet) 
Tk = Fixed effect of lamb birth type (l = single, multiple) 
Yl = Fixed effect of lamb birth year (m = 2007, 2008, 2009, 2010)  
Zm = Management system (n = on-farm, on-station) 
eijklm = effect of random error 
 
The fixed effect birth type was not used for LS (lamb birth type) and ARR 
 

Model 3: Analysis of variance of ewe postpartum body weight 
Yijklmn = µ + Si + Tj + Yk + Zl + eijkl 
Where: Yijklmn = the observation on ewe postpartum body weight 

  = Overall mean 
Si = Fixed effect of lamb birth season (i = dry, wet) 
Tj = Fixed effect of lamb birth type (j = single, multiple) 
Yk = Fixed effect of lamb birth year (k = 2007, 2008, 2009, 2010)  
Zl = Management system (l = on-farm, on-station) 
eijkl = effect of random error 
 

Model 4: For analysis of variance of survival rate 
Yijklmno = µ + Gi + Pj + Sk+ T l + Y m + Xn + Z o + eijklmno 
Where: Yijklmno = the observation on survival to different ages. 

  = Overall mean 
Gi= Fixed effect of lamb sex (i = male, female) 
Pj = Fixed effect of ewe parity (j = 1, 2, 3, 4, 5 and ≥6) 
Sk = Fixed effect of birth season (k = dry, wet) 
Tl = Fixed effect of lamb birth type (l = single, multiple) 
Ym = Fixed effect of lamb birth year (m = 2008, 2009, 2010, 2011) 
Xn = Fixed effect of birth weight of the lamb (n = light, medium, heavy)  
Zo = Management system (o = on-farm, on-station) 
eijklmno = effect of random error 

3. Results and discussion 

3.1. Age and weight at first lambing 

The least squares mean age and weight at first lambing of Washera sheep under farm and station 
management systems is presented in Table 1. The effect of management system and birth year on age and weight 
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at first lambing were analyzed and were found to be significant on weight at first lambing. Ewes under station 
management system had lower weight than their farm managed contemporaries (20.03±1.7 kg vs. 23.79±1.4 kg, 
p<0.01) which indicates the substandard management level practised in the station.  

 Birth year also had significant (p<0.05) effect on weight at first lambing so that ewes born in 2008 had 
heavier weight than ewes born in 2007 (22.2 vs. 19.9kg). This might be as a result of the fluctuation of feed 
availability because of the variation in the amount and distribution of rain fall between years that has influence on 
herbage production and performance of ewe (Berhanu and Aynalem, 2009). 

Table 1 
Least squares means±standard errors of age and weight at first lambing of Washera sheep under on-farm 
and on-station management systems. 

Source of variation N Age at First Lambing (days) Weight at First Lambing (kg) 

CV (%) 42 15.50 10.62 

Management systems  NS ** 

On-station 16 470±8.44 20.0±1.72 

On-farm 26 457±4.76 23.8±1.43 

Birth year        NS * 

2007 20 463±5.30 19.9±1.61 

2008 22 498±3.50 22.2±1.30 

       NS: Not significant (p>0.05); *p<0.05; **p<0.01. 

3.2. Lambing interval 

Management system had significant effect on lambing interval for Washera sheep that ewes under station 
management had shorter lambing interval than their on-farm managed counterparts (263 vs. 303 days, p<0.01). 
This difference might be associated with the supplementation of feed for pregnant ewes at the last gestation 
period under station management system. In addition, there was controlled breeding system in the station which 
might have effect on lambing interval of ewes.  

Lambing year exerted significant (p<0.01) effect on lambing interval that ewes lambed in 2007 had longer 
lambing interval than ewes lambed in 2008 and 2009. This finding is in line with the findings of Mengistie et al. 
(2011). Lambing season had significant effect on lambing interval in which ewes which  lambed in wet season had 
shorter lambing interval than those which lambed in dry season (268 vs. 298 days, p<0.01). The effect of season 
might be associated with the availability of forages, where ewe lambed in wet season might have got sufficient 
feed and came to heat early after lambing. 

Parity had a significant (p<0.05) effect on lambing interval that earlier parity ewes had the longest lambing 
interval than ewes with later parities. The longer lambing interval for young ewes in this result might be associated 
to the longer time they take to recover their body condition after lambing for reproduction again.  

3.3 Litter size 

The litter size obtained for Washera under farmers management in the present study (Table 2) is in 
agreement with that of Menz and Horro sheep (Mukasa-Mugerwa et al., 2002) and Gumuz sheep (Solomon et al., 
2011) but lower than the Horro sheep (Solomon and Gemeda, 2000). This implies that Washera sheep breed is 
more productive as compared to the Ethiopian better performed sheep breeds.  

3.4. Annual reproductive rate (ARR) 

ARR is among the productivity measurements using different reproductive parameters. Table 3 presents ARR 
and the factors affecting it. Management system had significant (p<0.01) effect on ARR in which ewes under 
station management had higher ARR value than those managed on-farm (1.46 vs. 1.40). This difference might be 
associated with the controlled breeding followed in the station that lowers lambing interval thereby increase ARR.  

Year of lambing exerted significant (p<0.01) effect on ARR in which ewes that lambed in 2009 had high ARR 
than ewes lambed in the previous years. This might be attributed to the variation in the amount and distribution of 
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rain fall between years that has influence mainly on natural grassland and performance of ewe (Berhanu and 
Aynalem, 2009).  

 Ewes that have lambed in dry season had lower ARR than those who lambed in wet season (1.43 vs. 1.45, 
p<0.01). This variation could be because of fluctuation of feed availability between seasons. Increased parity 
resulted in increased ARR from 1.18±0.21 at first parity to 1.38±0.22 at six and above parities (p<0.05). The effect 
of parity on ARR was also reported by Berhanu and Aynalem (2009) that ewes in their early parity showed a 
smaller ARR than ewes in the middle parities.    

3.5. Ewe postpartum body weight  

The fixed effects of management system, lambing season and birth type had significant effect (p<0.001) on 
postpartum ewe body weight.  

 
Table 2 
Least squares means ± standard errors of Lambing interval, Litter size, ARR and EPPWt of Washera sheep in 
Amhara region. 

Sources of 
variations 

Lambing interval (days) Litter size ARR EPPWt 

N LSM±SE N LSM±SE N LSM±SE N LSM±SE 

CV (%) 904 23.38 1853 19.23 904 32.66 566 13.60 

Management  **  NS  **  ** 

On-station 198 263±10.78 364 1.03±0.01 198 1.46± 0.05 355 28.0±0.73 

On-farm 706 303±10.21 1489 1.05±0.09 706 1.40±0.04 211 29.2±0.83 

Lambing year        **  NS  **  NS 

2007 363 308.13±10.54
c
 645 1.02±0.01 363 1.25±0.04

a
 80 27.2±0.90 

2008 161 256.01±10.49
a
 708 1.04±0.01 161 1.48±0.04

b
 219 27.4±0.78 

2009 380 286.33±11.74
b
 331 1.04±0.01 380 1.54±0.05

c
 212 29.7±0.81 

2010  - 169 1.05±0.01  - 115 30.7±0.81 

Birth Season  **  NS  **  ** 

Dry 573 298.05±10.02 876 1.03±0.01 573 1.43±0.04 277 28.3±0.77 

Wet 331 268.35±11.21 675 1.04±0.01 331 1.45±0.05 289 26.7±0.81 

Parity  *  NS  *  NA 

1 131 298.95±15.02
b
 261 1.02±0.01 131 1.18±0.21

a
   

2 222 289.58±13.00
b
 352 1.04±0.02 222 1.21±0.22

a
   

3 239 291.96±12.02
b
 262 1.00±0.03 239 1.30±0.21

b
   

4 174 276.42±11.17
a
 342 1.01±0.01 174 1.34±0.20

b
   

5 96 269.27±12.62
a
 315 1.01±0.02 96 1.35±0.20

 b
   

≥6 42 277.12±14.94
a
 321 1.01±0.08 42 1.38±0.22

b
   

Birth type  NS  NA  NA  * 

Single 762 284.59±7.92     442 27.0±0.61 

Multiple 142 283.81±15.20     124 29.1±1.07 

Lamb sex  NS  NA  NA  NA 

Female 444 281.43±10.26       

Male 460 285.97±10.64       

Means with different superscript letters (a, b, c) within the same column and class are statistically different at indicated level; 

NS: Not significant (p>0.05); *p<0.05; **p<0.01; NA= Not applicable; ARR= Annual Reproductive Rate; EPPWt= Ewe post partum 

weight 
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Ewes under station management system had heavier (p<0.01) weight at lambing than their farm managed 
counterparts partly because of their shorter lambing interval. Ewes which lambed during the dry season were 
found to be heavier than those which lambed in wet season (28.3vs 26.7, p<0.01). Gbangboche et al. (2006) 
reported similar results in Djallonke sheep. 

Type of birth had significant effect (p<0.05) on postpartum ewe body weight that multiple lambed ewes were 
heavier than single lambed ewes (29.1vs. 27.04±0.61). However, Gbangboche et al. (2006) reported that single 
bearing ewes were heavier than twin bearing ones. Mengistie et al. (2011) speculated this to be partly related to 
the positive correlation between ewe body weight and prolificacy as heavier dams produced larger litter size 
(Mellado et al., 2006).  

3.6. Survival rate  

Table 3 presents the survival rate of Washera sheep under station and farm management systems in Amhara 
region.  The overall survival rate from birth to 30 days, three months, six months and yearling age were reported to 
be 93%, 86%, 78% and 67%, respectively.  

The results obtained are much lower than the values reported for the same breed by Mengistie et al. (2011) 
in Quarit and Adet area of the Amhara region. The difference might be because of the difference in production 
area to which the current research is under ex-situ and station management system, while the report by Mengistie 
is from the home tract area of Washera sheep. Survival is about adaptation to the production environment. 
However, the result agrees with the findings of other scholars for other breeds of the country (Kassahun, 2000; 
Solomon and Gemeda, 2000; Solomon, 2002).  

Management system had consistently significant (p<0.01) effect on survival rate for Washera sheep in all 
considered ages in which lambs under farmer management system had high survival rate than lambs under station 
management (Table 3). This might be because; the incidence of diseases is high in station under confined 
management system than the farmers’ management system to which animals are managed in sparse and small 
numbers which reduces diseases risks (eg., pneumonia). In addition to this the station where the data were 
collected is small with very high stocking rate, herding large number of sheep together, deterioration of the grazing 
area and disease build up with time.  

Birth year had significant (p<0.01) effect on survival rate for Washera sheep lambs from birth to nine month 
and yearling ages. Lambs born in 2007 had high survival rate than the other years which might be due to the 
fluctuation of feed and rain distribution along with the decreasing of grazing land from time to time. In the same 
scenario, Gemeda et al. (2002), Yibrah (2008) and Berhanu and Aynalem (2011) reported that the survival rate 
difference between years may be a reflection of differences in feed availability caused by differences in irregularity 
of rainfall and other climatic factors.  

Season of birth had significant (p<0.01) effect on survival of lambs at all considered ages. Lambs born during 
the dry season had higher survival rate than lambs born at wet season in all considered ages. In agreement with 
the present findings, Mukasa-Mugerwa et al. (2000) reported that lambs born in the dry season had better survival 
than lambs born in the wet season. Berhanu and Aynalem (2011) also reported that lambs born during the wet 
season had the lowest survival rate than dry season under farm management. However, this result disagrees with 
the report by other scholars that lambs born during the wet season had better survival than lambs born in dry 
season (Kassahun, 2000; Solomon, 2002; Berhan and Van Arendonk, 2006; Mengistie et al., 2011).  

Ewe parity had significantly (p<0.05) affected survival of lambs to all ages considered. As opposed to the 
expectation that survival increases from first party to advanced parties and lowers again in older ages, lambs from 
early parities and old parities had better survival than the medium ones. The effect might be, especially in farm 
flocks, farmers might give preferential treatment to the animals they think they are unable to nurse their young.  

4. Conclusion 

The reproductive and survival performances of Washera sheep was evaluated under station and farm 
management systems in Adet sheep breeding centre and Lai-gaint and Farta districts under farmers’ management 
systems, respectively. The lower performances of sheep in most of the traits considered (eg., weight at first 
lambing, EPPWt and survival), in the station indicated the substandard management level followed in the station 
which needs great attention by the center. On the other hand, the better performance on the farmer management 
level shows the wider environmental adaptation of Washera sheep which can be used in similar agro-ecological 
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condition to the study areas. Different fixed effects influenced both reproductive performances and survival rates 
in the study and needs to be considered whenever there is a need to improve the performances of Washera sheep 
breeds both under farm and station management system in the highlands of Ethiopia.  

 

Table 3 
Least square means ± standard errors of survival (%) of Washera sheep under on-station and on-farm 
management systems. 

Dependent  Variable N 

Survival from birth to 

30 days 90 days 180 days 270 days 365 days 

LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE 

Overall mean 1646 0.93±0.01 0.86±0.02 0.78±0.02 0.72±0.02 0.67±0.02 

Management   *** *** *** *** *** 

On-station 326 0.90±0.02 0.81±0.02 0.72±0.03 0.65±0.03 0.61±0.04 

On-farm 1320 0.97±0.01 0.92±0.01 0.84±0.02 0.79±0.02 0.74±0.02 

Year of birth  *** *** *** *** *** 

2007 437 0.96±0.02
b
 0.90±0.02

c
 0.87±0.03

c
 0.85±0.03

c
 0.84±0.04

c
 

2008 512 0.89±0.01
a
 0.81±0.02

a
 0.69±0.02

a
 0.63±0.03

a
 0.58±0.03

a
 

2009 425 0.94±0.02
b
 0.86±0.02

b
 0.77±0.03

b
 0.70±0.03

b
 0.66±0.03

b
 

2010 272 0.94±0.02
b
 0.88±0.02

bc
 0.79±0.03

b
 0.68±0.04

ab
 0.61±0.04

ab
 

Season of birth  *** *** *** *** *** 

Wet  529 0.91±0.01 0.82±0.02 0.71±0.02 0.66±0.03 0.63±0.03 

Dry 1117 0.96±0.01 0.91±0.02 0.84±0.02 0.77±0.03 0.72±0.03 

Parity   * * ** ** *** 

1 72 0.95±0.03
b
 0.91±0.03

c
 0.79±0.05

ab
 0.74±0.05

abc
 0.67±0.05

ab
 

2 404 0.91±0.02
ab

 0.84±0.02
ab

 0.74±0.03
a
 0.66±0.03

ab
 0.59±0.03

a
 

3 414 0.89±0.01
a
 0.81±0.02

a
 0.72±0.02

a
 0.65±0.03

a
 0.58±0.03

a
 

4 490 0.95±0.02
b
 0.87±0.02

bc
 0.78±0.03

a
 0.67±0.03

ab
 0.64±0.03

a
 

5 198 0.95±0.02
b
 0.89±0.03

c
 0.87±0.03

b
 0.82±0.04

c
 0.80±0.04

c
 

≥6 68 0.96±0.03
b
 0.85±0.04

abc
 0.77±0.05

a
 0.76±0.05

bc
 0.76±0.06

bc
 

Lamb sex  NS NS NS NS NS 

Female  802 0.94±0.01 0.87±0.02 0.77±0.02 0.72±0.03 0.67±0.03 

Male  844 0.93±0.01 0.86±0.02 0.79±0.02 0.72±0.03 0.68±0.03 

Type of Birth  NS NS NS NS NS 

Single 1514 0.93±0.01 0.88±0.01 0.79±0.02 0.74±0.02 0.72+0.02 

Multiple  132 0.94±0.02 0.85±0.03 0.77±0.03 0.70±0.04 0.63±0.04 

NS: Not significant (p>0.05); *P<0.05; **P<0.01; ***p<0.001; Means with different superscripts letters (a, b, c, d) within the 
same column and class are statistically different.. 
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