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Introduction

For the majority of U.S. sheep flocks, particularly extensive range operations in the U.S. West,
the ideal ewe should lamb and successfully raise twins. However, breeders are often reluctant
to select for increased litter size because of associated increase in triplet and higher-order births.
As evidence, the lambing percentage across U.S. flocks averaged 106% in 2024 (USDA-
NASS, 2025). Once the lambing percentage increases above 150%, the percentage of triplet
litters is expected to increase substantially (Amer ef al., 1999), making the goal of a 200% lamb
crop seemingly unattainable. An alternative to simply selecting for increased number of lambs
born is to identify the sires whose daughters reliably produce twin litters, regardless of genetic
and environmental conditions. This reduction in variation is a concept referred to as
canalization (Waddington, 1942) and may provide the solution to meeting the needs of sheep
breeders. As stated by SanCristobal-Gaudy et al. (2001) and Cottle et al. (2016), the objective
is to have twins exactly, not twins on average. Therefore, the objective of this research was to
develop a strategy to genetically identify rams whose daughters consistently produce twins in
Polypay sheep.

The Polypay breed was developed at the U.S. Sheep Experiment Station (USSES; Dubois, ID,
USA) in the 1970s to improve the productivity of U.S. Western range flocks and included equal
contributions from Rambouillet, Targhee, Finnsheep, and Dorset (Hulet, Ercanbrack, & Knight,
1984). Not only has the Polypay become a mainstay in range flocks, but also plays a prominent
role throughout the country, including in accelerated lambing systems (Hulet & Stellflug, 2019;
Vanimisetti & Notter, 2012).

Materials & Methods

Data source. Data from the USSES Polypay flock was used for the analyses and included lamb
birth years from 1999 to 2025. After removing litter records from 1-year-old dams (n = 2,465)
and those with unknown sires (n = 1,240), 6,256 litter records remained from 2,600 mature
ewes and 241 rams. Of the 241 rams, 158 had daughters totalling at least 15 litters. Management
of the flock is typical of extensively managed range flocks. Lambing occurs in the spring in a
shed lambing system, where the ewe lambs in a drylot followed by moving the ewes and lambs
to a lambing jug for a 36- to 48- hr period of bonding. They are then turned out into
consecutively larger pens. At an average lamb age of approximately 35 days, the ewes and
lambs are turned out for grazing. The sheep follow a traditional system of transhumance where
they are moved by a herder up in elevation as the temperatures increase throughout the spring
and summer and return to the lower elevations in late summer for weaning. A detailed
explanation of the system was provided by Wilmer et al. (2024).

Data analyses. Analyses were performed using the DHGLMF90 software (Munera et al.,
2024). The software applies a double hierarchical generalized linear model (DHGLM) to
estimate the heteroskedastic additive genetic effect of the environmental (residual) variance in
addition to the direct additive effect of the trait. The DHGLM was developed by Lee and Nelder
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(2006) and was evaluated for estimating variance components in an animal breeding context
by Ronnegard et al. (2010) and Felleki ef al. (2012). In the DHGLM, the squared residuals
were assumed to follow a Gamma distribution and the residual was fitted as a generalized linear
model. The DHGLM algorithm iterates between two sets of mixed model equations, one for
the main trait (mean) and one for the variances using iterative reweighted least squares
(IRWLS) until convergence. The DHGLMF90 software uses REML through the BLUPF90+
software for variance component estimation (Misztal ez al., 2002; Munera et al., 2024). The
EBYV are generated for both the mean and variance (dispersion), where the breeding values for
the dispersion represent the genetic heterogeneity of the residual variance (Cottle ef al., 2016).
The traits evaluated included number of lambs born (NLB; 1, 2, 3+), twinning (TWIN; 1 for
singles or triplets and higher order and 2 for twins), and triplets (TRIP; 2 for singles or twins
and 3 for triplets and higher order) and their dispersions (VNLB, vTWIN, and vTRIP). The
contemporary group (CG) was included as a categorical fixed effect and consisted of the lamb
birth year and age of dam (2 or 3+). Since there was only a single flock with a single lambing
season, flock and season were not included in the CG. Random effects included animal (ewe),
permanent environment, and the residual.

Results

The phenotypic trend for twins has decreased over time (P = 0.03; Fig. 1). When considering
the 158 sires that had daughters with a total of at least 15 litters, the average NLB was 2.2 (SD
=0.2) and ranged from 1.7 to 2.8 and the percentage of twin litters averaged 50.2 (SD = 13.0)
and ranged from 7 to 80%.
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Figure 1. Polypay litter size trend over time for mature ewes in the USSES flock.

The heritability estimates were generally low and were higher for the dispersion traits than the
mean traits (Table 1). The genetic correlations between the mean traits were high as were the
genetic correlations between the dispersion traits, suggesting selection for one mean trait and
one dispersion trait is warranted. In order to directly increase the number of twins and decrease
the dispersion of twins, the TWIN and vTWIN traits were selected to generate EBV. The TWIN
EBV and vTWIN EBV were compared for the 158 sires evaluated previously (Fig. 2). The sires



in the lower right quadrant would be selected for increasing twins while decreasing the
dispersion of twin litters.

Table 1. Heritability (diagonal), genetic correlations (upper diagonal), and phenotypic
correlations (lower diagonal) for number of lambs born (NLB), triplets (TRIP), twinning
(TWIN), number of lambs born dispersion (VNLB), triplet dispersion (vIRIP), and twinning
dispersion (VTWIN).

Trait NLB TRIP TWIN vNLB vIRIP vI'WIN

NLB 0.015+0.005 0.993+0.239 -0.971+0.314 0.063+0.032 0.312+0.107 0.018+0.022
TRIP 0.876+0.006  0.018+0.006 -0.992+0.258 0.177+0.079 0.409+0.174 0.132+0.058
TWIN -0.363+0.012 -0.767+0.008 0.017+0.000 -0.299+0.017 -0.509+0.012 -0.255+0.017
vNLB -0.411+£0.012 -0.029+0.013 -0.489+0.011 0.055+0.001 0.899+0.001 0.996+0.002
vIRIP 0.279+0.012 0.306+0.011 -0.220+0.012 0.416+0.011 0.065+0.001 0.886+0.002
vI'WIN -0.507+0.011 -0.3134+0.012 -0.070+0.013 0.430+0.011 0.398+0.012 0.054+0.001
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Figure 2. TWIN EBV and vITWIN EBV for USSES Polypay sires with daughters totalling at
least 15 litters.

Discussion

Phenotypic selection for twins is a common practice among sheep breeders, but has proven
ineffective for the USSES Polypay flock and for others (Amer & Bodin, 2006; Amer et al.,
1999; Cottle et al., 2016; Young, 2007). Yet, considerable phenotypic variation exists in the
ability of a sire to produce daughters that consistently produce twins, including two sires who
had 80% twins. To increase the twinning rate, selection for both an increase in twins and
simultaneous selection for reduction of the environmental variation in twinning is required.
Using traditional models, Amer and Bodin (2006) reported heritabilities of 0.036 to 0.136 for
NLB and 0.011 to 0.095 for TRIP. Using a threshold model, Cottle et al. (2016) reported
heritabilities of 0.10, 0.07, and 0.02 for NLB, TRIP, and TWIN, respectively. Using a sire
model within DHGLM, Cottle et al. (2016) reported heritability estimates of 0.17 for NLB and
0.08 for vNLB. SanCristobal-Gaudy et al. (2001) reported heritability estimates of 0.34 for



NLB and 0.23 for vNLB using Bayesian methods. Our approach explored the dispersion traits
for not only vNLB, but also vTRIP and vTWIN, with heritabilities ranging from 0.05 to 0.07.
Ultimately, utilizing TWIN and vTWIN traits are a logical choice for simultaneous
improvement of twinning rate.

Conclusions

Although the heritability estimates were low, genetic improvement for both TWIN and vITWIN
can be made to achieve canalization of the USSES Polypay population toward an economic
optimum of twin litters.
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