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ABSTRACT: Survival of crossbred lambs during three 
time periods were analyzed: until one d of age (n = 7933), 
from 2 to 30 (n = 5370), and from 2 to 60 (n = 5216) d of 
age. Mortality, sex, age of the dam, birth type, month and 
year of birth, and breed group were recorded, and retained 
heterosis was calculated for all animals. Breed groups were: 
meat breeds, maternal breeds, East Friesian, and Lacaune. 
In general, there was increased survival for lambs with 
higher retained individual heterosis and lambs of meat and 
maternal breeds compared to the Lacaune breed. There was 
a higher mortality for females until one day of age, but 
males had higher mortality at the other periods. Until one d 
of age, triplets had a lower survival than singles, and lambs 
from 1-yr-old dams had lower survival than lambs from 2-
yr-old dams.   
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Introduction 

Early mortality in lambs causes substantial eco-
nomic losses and animal welfare concerns and is considered 
a major production issue in sheep operations. Oltenacu and 
Boylan (1981) reported death losses of 10.7% at birth and 
an additional 19.7% until 70 d of age in Minnesota, Gama 
et al. (1991) reported 22% total lamb mortality - 8% at birth 
and 14% between 1 and 60 d of age in Nebraska, and Saf-
ford and Hoversland (1960) reported 23.5% in Montana. 

 
Differences in survival of lambs among breeds 

have been previously reported (Thomas et al., 2000a; Burf-
ening, 1993; Thomas et al., 2000b; Gamma et al., 1991; 
Long et al., 1989), indicating that lamb survival is very 
likely to have an additive genetic component. In addition, 
other studies have found that heterosis has a positive effect 
on lamb survival (Long et al., 1989; Gama et al., 1991; 
Nawas et al., 1992). The objective of this study was to es-
timate genetic and non-genetic effects affecting survival in 
crossbred lambs during three time periods from birth to 60 
d of age. 

Materials and Methods 
Location. The lambs were born from 1998 to 2011 

at the Spooner Agricultural Research Station of the Univer-
sity of Wisconsin-Madison in northwest Wisconsin, USA 
(latitude: 45°49´, longitude: 91°53´, average minimum 
temperature in January: –19.1°C, average maximum tem-
perature in July: 27.5°C). The flock is managed as a dairy 
flock. 

 
 Data. Survival was recorded for lambs during 

three time periods: until 1 d of age, from 2 to 30 and 2 to 60 
d of age (n = 7933, 5370, and 5216, respectively, Table 1). 
Mortality, sex, age of the dam, birth type, month and year 

of birth, and breed group were recorded and, based on breed 
composition, retained heterosis was calculated for all dams 
and lambs. The lambs were crossbreds of 2 or more breeds 
with 14 breeds represented in the population. Due to low 
mean contribution for most of the breeds, four breed groups 
were considered: meat breeds (Hampshire, Suffolk, Texel), 
maternal breeds (Romanov, Finnsheep, Dorset, Targhee, 
Rambouillet, Polypay, Katahdin, Arcott Rideau and Com-
mercial), East Friesian, and Lacaune.  

 
Table 1. Descriptive statistics and data structure. 

Groups 

Period of life  
   All ani-

mals 
Artificially raised 

animals 
 until 1d 2 to 30 d 2 to 60 d 

Lambs, n  7934 5370 5216 
Mortality, %   13.62 6.20 10.33 

Sex, n Male 
Female 

3986 
3948 

2705 
2665 

2610 
2606 

Birth type, n 1 
2 
3§ 

1164 
4510 
2260 

844 
2935 
1591 

832 
2863 
1521 

Birth month, 
n 

Dec/Jan 
Feb 

M/A/M 

1728 
3055 
3151 

1488 
2356 
1526 

1444 
2253 
1519 

Age of dam 
(yr), n 

1 
2 
3 

4& 

3431 
1848 
1283 
1372 

1979 
1380 
991 

1020 

1966 
1346 
953 
951 

I. het %*  77.48 76.72 76.21 
M. het %*  73.22 69.45 69.55 

Mean breed 
composition 
of lambs, % 

Lacaune 
E. Fri. 

Mat. Br. 
Meat Br. 

23.79 
36.92 
17.83 
21.45 

24.87 
37.37 
14.70 
23.06 

25.00 
37.66 
14.84 
22.49 

§ Include 3, 4 or five lambs born per ewe per parturition. 
& Includes dams from 4 to 9 yr of age. 

*Mean individual (I. het) and maternal (M. het) heterosis of the 
population. 

Birth month: Dec/Jan = December and January, Feb = Febru-
ary, and M/A/M = March, April and May. 

Mean breed composition of lambs: E. Fri = East Friesian, Mat. 
Br = Maternal Breeds and Meat Br = Meat breeds. 

 
Lambs were left with their dams for 36 to 48 hours 

after birth to ingest colostrum. Lambs were then artificially 
raised on ad libitum milk replacer with free access to a high 
energy, high protein concentrate feed until approximately 
30 d of age, when they were weaned. After weaning from 



the milk replacer, lambs were raised on high concentrate 
diets in confinement until being sold as a market lamb or 
retained as a replacement. Most female lambs with Lacaune 
and/or East Friesian breeding were retained as replace-
ments. Mortality until one d of age included late abortions, 
stillbirths, and death within the first d of life. 

Statistical Analysis. A generalized linear mixed 
model was implemented using the software ASREML 
(Gilmour et al., 2009) to analyze lamb survival during each 
period, using the binomial distribution and the logistic link 
function. 

 
The Dickerson full genetic model with maternal 

effects (Dickerson, 1969; 1973), but without recombination 
effects, and accounting for random effects of animal, dam 
and birth year, was used in the linear predictor, described 
as: 

 
ɳ!"#$%= µμ + 𝑠!+ 𝑡! +𝑓!  + 𝑎!+ 𝑟!!ℎ! + 𝑟!!ℎ!  

+ 𝑏!"!!
!!! 𝑔!!  + 𝑢!! + 𝑢!! + 𝑢!!   

 
where: ɳ!"#$% is the liability for survival in a specific age 
interval for lamb i, with sex j, birth type k, born in the 
month l, and with dam m; 𝑠!   is the fixed effect of sex j; 𝑡! is 
the fixed effect of birth type (single, twins, triplets or 
more); 𝑓! is the fixed effect of  birth month; 𝑎! is the fixed 
effect of age of the m dam; 𝑟!!    𝑟!!   is the retained individu-
al (maternal) heterosis in the ith animal, which ranges from 
zero in purebred animals to one in F1 animals. The ℎ!(ℎ!) 
is a linear regression coefficient (slope) representing the 
effect of individual (maternal) F1 heterosis, assuming the 
same value for all pairwise combinations of breeds; 𝑏!"!  is 
the proportion of the zth breed group in the ith lamb, which 
ranges from zero (i.e. the lamb has no alleles from a given 
breed) to one (i.e. the animal is purebred of that breed); 
𝑔!!   is the direct effect of the zth breed group; 𝑢!! (𝑢!!) is the 
random individual (maternal) additive genetic effect, and 
𝑢!! is the random effect of year. 
 

All estimates were transformed to the underlying 
(logistic) scale, which according to Lopez-Villalobos and 
Garrick (1999) results in estimates that are in agreement 
with those using untransformed data. The year of birth was 
consider as random to solve the problem that many sire 
breeds were used in only a few years, resulting in a con-
founding of lamb breed with year.  

 
Results and Discussion 

 
Effect of heterosis on survival. Increased individual re-
tained heterosis was associated with increased survival in 
all periods (significant for the 2 to 30 d and 2 to 60 d peri-
ods) (Table 3). The advantage in survival of F1 lambs 
(100% of retained heterosis) over purebred lambs (0% of 
retained heterosis) is expected to be 8.82% and 14.57% for 
the two later periods, respectively. These results are in 
agreement with Gama et al. (1991) who compared the per-
formance of F1 crossbred lambs to the parental breed mean 
and found an increase of 13% in survival of F1 lambs (6.5% 

in the first d and 6.5% from 1 to 60 d of age). Oltenacu and 
Boylan (1981), Thomas et al. (2000a), and Freking and 
Leymaster (2004) also have reported significantly greater 
survival for F1 lambs. Maternal heterosis did not have a 
significant effect on lamb survival in our study (Table 3). 
This may be due to the fact that all lambs were raised on 
milk replacer so there was less opportunity for the dam to 
have an effect on lamb survival due to variation among 
dams in milk production and maternal care.  
 
Table 2. Effect of breed of lamb on survival (%) and its 
significance level (P-value). 

Breed§ 

Period of life 
All animals Artificially raised animals 
until 1d 2 to 30 d 2 to 60 d 

East Frie-
sian 

13.34 
(0.27) 

9.77 
(0.14) 

16.18 
(0.28) 

Meat  
breeds 

3.56 
(<0.01) 

4.12 
(<0.01) 

6.83 
(<0.01) 

Maternal 
breeds 

5.92 
(0.01) 

0.96 
(<0.01) 

4.23 
(<0.01) 

§All breeds compared to the Lacaune breed. 
 
Effect of breed groups on lamb survival. In the 

multiple logistic regression, Lacaune was considered as the 
base breed, and all others breeds (or groups of breeds) were 
compared with Lacaune and adjusted for the fixed effects 
included in the model (Table 2). East Friesian lambs had 
higher mean survival rates than Lacaune lambs but the dif-
ferences were not significantly different from zero. This 
result is in disagreement with the results of Thomas et al. 
(2000a) who reported an increase in the probability of death 
with animals having over 50% of East Friesian breed, but 
his study did not account for differences among breed 
groups in retained heterosis. Meat breed lambs had signifi-
cantly greater survival than Lacaune lambs in all periods 
(+3.56%, +4.12%, and +6.83%, respectively). The meat 
breed group was mainly composed of the Hampshire breed, 
and results found here contradicts those of Smith (1977) 
who reported poorer survivability for Suffolk and Hamp-
shire lambs compared to other breeds. Maternal breed 
lambs also had significantly higher survival than Lacaune 
lambs for all periods (+5.92%, +0.96%, and +4.43%, re-
spectively). The maternal breed group is composed of nine 
different breeds with Dorset, Polypay and Romanov breeds 
represented in the largest proportion. The Romanov and 
Dorset breeds have been shown in other studies to have 
increased lamb survival (Freking and Leymaster, 2004; 
Oltenacu and Boylan, 1981). Also, better lamb survival for 
the Polypay breed has been reported by Nawas et al. (1992). 

 
Table 3. Non-genetic effects on lamb survival (%) and 
its significance level (P-value). 

Groups 

Period of life 
All ani-

mals 
Artificially raised 

animals 
until 1 d 2 to 30 d 2 to 60 d 



Sex$ 
 

Female -24.97 
(<0.01) 

11.83 
(<0.01) 

16.21 
(<0.01) 

Birth 
type* 

2 
 

3§ 

19.00 
(0.83) 
-25.50 
(<0.01) 

-16.71 
(0.45) 
-15.75 
(0.80) 

-22.23 
(0.45) 
-24.20 
(0.50) 

Birth 
month+ 

Dec/Jan 
 

Mar/Apr/
May 

-21.35 
(0.32) 
-29.59 
(<0.01) 

-18.91 
(0.11) 
-21.65 
(<0.01) 

-22.54 
(0.90) 
-30.43 
(<0.01) 

Age of 
dam# 

2 
 

3 
 

4& 

14.82 
(<0.01)  
18.32 
(0.62) 
-20.80 
(0.48) 

12.31 
(0.15) 
11.05 
(0.10) 
12.86 
(0.39) 

18.27 
(0.07) 
16.11 
(0.02) 
17.95 
(0.13) 

Individual 
heterosis# 

 21.38 
(0.42) 

8.82 
(0.04) 

14.57 
(0.04) 

Maternal 
heterosis# 

 -15.65 
(0.17) 

-17.78 
(0.44) 

-22.43 
(0.96) 

$Sex: compared to males. 
*Birth type: all levels are compared to a single birth.  
§Includes 3, 4, or 5 lambs born per ewe per parturition. 
+Birth month: all levels are compared to February. 
#When comparing a purebred animal (0% retained heterosis) to an F1 
(100% retained heterosis). 
& Includes dams from 4 to 9 yr of age. 
#Age of the dam: all levels are compared to the group ewes of 1 yr of age 
or less. 

 
 
Other effects on survival. The effect of sex was 

significant in all periods (Table 3). Females had lower sur-
vival than males until d 1, which disagrees with the results 
of Gama et al. (1991). This may be due to the lighter birth 
weights of female lambs than male lambs, and the greater 
possibility of death soon after birth from hypothermia in 
lighter lambs born in the very cold winter environment in 
northern Wisconsin. Male survival was lower than females 
in the two later periods, in agreement with most of the liter-
ature (Oltenacu and Boylan, 1981; Gama et. al., 1991; 
Smith, 1977). Triplets had a lower survival than singles 
until one d of age, but birth type did not have a significant 
effect on survival during the two later periods. The increase 
in mortality caused by larger litter size is in agreement with 
other studies (Gama et. al., 1991; Oltenacu and Boylan, 
1981; Smith, 1977). Animals born in the later months of the 
lamb season (March, April, and May) had significantly 
lower survival than lambs born in February, which could be 
due to exposure of these lambs to more detrimental micro-
organisms that build up in the environment during the 
lambing season. Lambs from 2-yr-old dams had greater 
survival than lambs from 1-yr-old dams until one d of age. 
Higher mortality of lambs born from primiparous ewes is 
known in the literature (Branford Oltenacu and Boylan, 
1981; Smith, 1977). 
 

Conclusion 
 

Increased amounts of individual retained heterosis 
were associated with increased lamb survival from 2 to 30 
and 2 to 60 d of age. Lambs of the Lacaune breed when 
compared to all other breeds (or groups of breeds) had the 
lowest lamb survival.  
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