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THE INFLUENCE OF RAM ON LITTER SIZE IN SUFFOLK SHEEP
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The influence of ram on litter size in Suffolk sheep

ABSTRACT
The proportion of variance for service ram effects was estimated for number lambs born and weaned. The database
with 11,311 lambings in purebred Suffolk was used. The basic model equation for the analysis of variance of litter size
contained effects of ewe´s age at lambing, contemporary group of ewes at lambing, ewe´s permanent environmental
effect and ewe´s direct additive genetic effect. The other models were extended by contemporary group of ewes during
mating (harem), and additive genetic and permanent environmental effect of service ram. Variance components were
estimated by the Gibbs sampling method. The proportions of variance for the service ram effect for number of lambs
born and weaned were 4.1 % and 2.6 %. The annual genetic trends were 0.4 % of lambs born and 0.2 % of lambs weaned
for female fertility. Male contribution on litter size was 0.2 % of lambs born and 0.1 % of lambs weaned. The results
demonstrated that service rams in Suffolk sheep have low influence on litter size of their mates.
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INTRODUCTION

Traditionally, litter size is considered and evaluated

In the Czech Republic, there are about 200,000
sheep of which 23,500 ewes and their lambs are included
in performance test. Suffolk is the most numerous breed
in Czech Republic. In year 2014 it account for about
25.4 % of purebred ewes in performance test (Bucek
et al., 2015).
In recent years the importance of lamb and sheep
meat and milk production increased relative to wool production. Consequently the economic value of sheep meat
and sheep milk increased too (Krupova et al., 2013). As
reported by Wang and Dickerson (1991) and Wolfova
et al. (2011a, 2011b) the improvement of reproductive
traits has high economic significance in meat production
system.
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as a trait of female. However, prolificacy is a complex
trait (Fig. 1) as described by Schmidova et al. (2016) and
Shorten et al. (2013). It is also influenced by paternal and
fetal effects. In studies of Sanchez-Davila et al. (2015)
and Schmidova et al. (2015) genetic evaluations for number of lambs born per ewe were described using model
equations that included an effect of service ram.
In view of the foregoing, the objective of the present
study was to estimate the proportion of variance for service ram effect and other factors acting during the mating period on subsequent litter size in Suffolk, the meat
purpose breed.
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The edited database contained data on 11,311
lambing events from 4,032 ewes and 385 rams. There
were 460 contemporary groups of ewes at lambing,
1,104 harems, and 7879 animals in the pedigree file.
2.2. STATISTICAL METHODS
The basic model equation for the analysis of litter
size variance was determined based on the single-trait
repeatability model (Schmidova et al., 2014):
Model 1: LSijk = Ai + CGj + Ewk + Epek + eijk

Figure 1: Effect of service ram and ewe on litter size
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MATERIALS AND METHODS

2.1 DATA
Database was provided by the Sheep and Goat
Breeders Association of the Czech Republic. It contained
data from performance test from year 1996 to 2013. The
Association collect information of animals as flock, date
of lambing, parity, ewe age at lambing, interval between
successive lambings, service ram and litter size. Litter size
was recorded on the day of lambing as total number of
born lambs (alive or dead). Only ewes that had at least
one lamb were included in the database. Only natural
matings were included. Four generations of known ancestors from the pedigree database were used for the estimation of genetic parameters.
Crossbred ewes, ewes with an unknown date of
birth, ewes that were younger than 10 months or older
than 140 months of age at lambing, ewes whose sire had
less than four daughters with at least two lambing records
each were excluded from the database. Flocks where only
one ram was used, and rams used in only one flock-year
subclass were excluded from the database prior to analysis. Contemporary groups (CG) were created of ewes that
lambed within successive 40-day intervals in the same
flock and year (Schmidova et al., 2014). Those CG’s with
less than 7 ewes were excluded from analyses. Another
contemporary group category identified as the harem
was created of all ewes mated to one ram during one mating period (Schmidova et al., 2015).
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where LSijk is the litter size of ewe k (number of born
or weaned lambs); Ai is the age class of ewe at lambing
(fixed); CGj is the effect of contemporary group (random); Ewk is the direct additive genetic effect of ewe
k (random); Epek is the permanent environmental effect of ewe k (random); eijk is the random residual.
For estimation of service ram effect were used
two extensions of the Model 1:
Model 2: LSijkl = Ai + CGj + Ewk + Epek + Sl + eijkl
Model 3: LSijkl = Ai + CGj + Ewk + Epek + SGl + Spel + eijkl
Sl is the effect of service ram l in model 2 (random); SGl is
the direct additive genetic effect of service raml in model
3 (random); Spel is the permanent environmental effect
of service ram l in model 3 (random).
Variance components were estimated by the Gibbs
sampling method (GIBBS1F90, Misztal et al., 2002).
After some exploratory analyses one chain of 700,000
samples was generated, rejecting the first 80,000 and saving every 100th sample thereafter. Bayesian measure of
adequacy – the deviance information criterion (DIC)
(Spiegelhalter et al., 2002) was also evaluated.
Breeding values (BV) for number of born lambs and
number of weaned lambs as a ewe trait (female fertility)
and as a service ram trait (male fertility) were predicted
using BLUPF90 (Misztal et al., 2002). Genetic trends
Table 1: Distributions of number of lambs
Litter size
0

1

2

3

4

No. of born
*
lambs per litter

4263

6246

784

18

37.69 % 55.22 % 6.93 %

0.16 %

No. of weaned 844
lambs per litter 7.46 %

4583

4

5397

483

40.52 % 47.71 % 4.27 %

0.04 %

* Only ewes with at least one born lamb were included in the database
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Table 2: Variance components for number of born and number of weaned lambs in Suffolk sheep for different models
Litter size
Born

Model 1

σ P2

σ e2

2
σ Ew

2
σ Ewpe

2
σ CG

0.350

0.273

0.019

0.006

0.052

0.004

0.004

0.003

0.006

0.271

0.017

0.006

0.031

0.016

0.004

0.004

0.003

0.005

0.004

0.271

0.017

0.005

0.028

0.014

0.005

0.002

0.005

0.004

0.003

0.005

0.005

0.004

0.001

0.360

0.019

0.010

0.078

0.006

0.005

0.005

0.008

0.359

0.019

0.009

0.061

0.009

0.006

0.005

0.005

0.009

0.004

0.358

0.020

0.008

0.051

0.012

0.003

0.003

0.006

0.005

0.005

0.008

0.005

0.003

0.002

SD
Model 2

0.341

SD
Model 3

0.342

SD
Weaned

Model 1

0.467

SD
Model 2

0.457

SD
Model 3

0.455

SD

2
σ Spe

σ S2

2
σ Har

DIC
18399
18378
18371
21495
21505
21507

2
2
σ P2 = phenotypic variance; σ e2 = residual variance; σ Ew
= additive genetic variance of ewe´s (maternal) performance; σ Ewpe
= ewe´s (maternal)
2
2
permanent environmental variance; σ S = additive genetic variance of sire´s (paternal) performance; σ Spe = sire´s (paternal) permanent environ2
2
= harem variance; DIC = Deviance information criterion
mental variance; σ CG = contemporary group variance; σ Har

were characterized as mean breeding values by year of
birth from 1989 to 2011.

3

RESULTS AND DISCUSSION

The average number of born lambs per litter was
1.70 (± 0.60) and the average number of weaned lambs
was 1.49 (± 0.70). The Table 1 presents distributions of
both litter size traits.
Variance components and genetic parameter estimations for number of born and weaned lambs are presented in Table 2 and 3. The basic model (Model 1) shows
in general low coefficient of heritability and repeatability.
As it was showed earlier by Sanchez-Davila et al.

(2015) rams differed by from one to two offspring in
average litter size of their mates. Significant differences
among service rams in litter size per mate and also conceptus survival through gestation were observed by Holler et al. (2014). The service ram effect on litter size was
found also by Hagger (2002), where it was from 0.7 %
to 2.9 % of phenotypic variance with difference among
breeds. In Šumava sheep (Schmidova et al., 2015), the
variance attributable to service ram ranged from 0.9 %
to 2.1 % of phenotypic variance; whereas in high prolific
Romanov sheep (Schmidova et al., 2016) the proportion
of variance attributable to the service sire effect ranged
from 0.046 to 0.10.
As pointed out by David et al. (2007), even if ewe

Table 3: Variance component proportions of phenotypic variance for number of born and number of weaned lambs in Suffolk sheep
for different models
Litter size
Born

Weaned

h2

2
rrep

Ewpe2

e2

CG2

S2

Model 1

0.054

0.071

0.017

0.781

0.148

Model 2

0.049

0.067

0.017

0.797

0.090

0.047

Model 3

0.051

0.067

0.016

0.792

0.081

0.041

Model 1

0.042

0.063

0.022

0.771

0.166

Model 2

0.041

0.062

0.021

0.784

0.133

0.020

Model 3

0.045

0.062

0.017

0.786

0.112

0.026

Spe2

Har2

0.014

0.006

0.007

0.006

2
2
2
2
2
h2 = ( σ Ew
/ σ P2 ) = maternal heritability; rrep
= (( σ Ew
+ σ Ewpe
)/ σ P2 ) = maternal repeatability; Ew 2pe = ( σ Ewpe
/ σ ) = permanent environmental
2
2
/ σ P ) = varivariance as a proportion of phenotypic variance; e2 = ( σ e2 / σ P2 ) =residual variance as a proportion of phenotypic variance; CG2 = ( σ CG
2
P

ance of contemporary group as a proportion of phenotypic variance; S2=( σ S / σ P2 ) = paternal heritability; S pe = ( σ Spe / σ P ) = paternal permanent
environmental variance as a proportion of phenotypic variance
2

2

2

2
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and ram sources of variation seem small, the range of estimated BV between extreme animals can be substantial.
Using the proportion of residual variance as the criterion for the comparison of models in our study, both
models that included the service ram effects were slightly
better than model 1. Including the service ram effects
into the model decreased DIC in our study for estimation of variance components for number of born but not
for number of weaned lambs.
Spearman´s correlations among maternal breeding values for number of born lambs estimated by these
models ranged from 0.991 to 0.998; Pearson´s correlations ranged from 0.989 to 0.997. Both types of correlations among maternal breeding values for number of
lambs weaned ranged from 0.992 to 0.998. Spearman´s
correlations between paternal breeding values (model 3)
and random sire-effect (model 2) were 0.079 and 0.028
for number of lambs born and weaned, respectively.
The annual genetic trends were 0.4 % of lambs born and
0.2 % of lambs weaned for female fertility. There were
only slight differences among models (data not shown).
In male contribution on litter size it was 0.2 % of lambs
born and 0.1 % of lambs weaned (model 3).

4

CONCLUSIONS

Traditionally, litter size is considered and evaluated
as a ewe trait. However, prolificacy is a complex trait. Results from the present study indicate that service rams
in Suffolk sheep also have a clearly detectable influence
on number of born and weaned lambs. No antagonistic
dependence between additive genetic service ram (paternal) component and the additive genetic ewe (maternal)
component was found. Genetic parameter estimates indicate that selection based on breeding values for the service ram effect could be an additional selection criterion
to improve litter size in Suffolk sheep.
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