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Abstract

Longevity in breeding ewes is a complex trait affected by many factors both genetic
and environmental. From an economic, environmental, and animal welfare perspective it is
favourable to increase longevity. Norway has many breeds with distinctive differences, but
the dominating production breed is the Norwegian White sheep (NWS). The two goals of this
thesis are to first look at differences in longevity between breeds and, second, to da a genetic
analysis of the longevity of Norwegian White sheep using data collected from Sauekontrollen:
can longevity in NWS ewes be selected for.

Two different datasets were generated, one for the breed comparisons and one for the
genetic analysis. The breed comparison dataset included information about nine breeds from
all of Norway between 2001 and 2022 and had mean ages between 2.7 and 3.1 years. The
genetic analysis dataset with NWS had information from sheep farm municipalities in Viken
county between 2001 and 2022.

The different breeds showed quite similar longevity despite some breeds being more
of a modern high-producing breed, while others were more traditional breeds. No clear
patterns or change of mortality rate over the years.

The five models used for the genetic analysis was based on a sire model which was
expanded into including the permanent environmental effect of the dam and the maternal
genetic effect of the dam. The most complex model show heritability’s estimates around
0.055 = 0.008 on single year and 0.141 £ 0.020 for the average lifetime of the ewe, but results
were similar for all models.

Introducing longevity into a Norwegian sheep breeding scheme could be a low-cost
implementation since the data is already available and the heritability is on par with growth
traits.



1.0 Introduction

Sheep farming in Norway is strongly connected to nature's seasonality, being based on
natural, unfenced pastures (Eikje et al., 2008). Normally the sheep are moved indoors as the
plant growing season ends and the frost arrives, with some exceptions depending on breed,
location, and housing possibilities (Lovdata, 2005; Mattilsynet, 2022; NSG, 2023a). In 2022
41,3% of the sheep flocks were registered into the national database for sheep;
Sauekontrollen. The proportion has increased from 25.9% in 2003 to 41.4% in 2022. In
Sauekontrollen it is possible to register sheep as one of 22 acknowledged breeds. In 2022
65.2% of the registered animals were Norwegian White Sheep (Animalia, 2022b); a
composite, crossbred sheep, with the main recent contributions from the breeds Dala, Rygja
and Steigar, and through these breeds influenced by several other UK breeds (Eikje et al.,
2008). Other common breeds are White Spel, old Norwegian Spel, coloured Spel and
Norwegian pelt sheep (Animalia, 2022b).

1.1 The Norwegian sheep breeding system

The Norwegian Sheep and Goat Organisation (NSG) is responsible for breeding schemes
and index calculations of four different breeds; Norwegian White Sheep (NWS), Norwegian
Spel, Cheviot, and Norwegian pelt-sheep. NSG and its breed-specific sub-organisations
provide genomic testing for Norwegian White Sheep and Norwegian Spal, distribute semen
(artificial insemination) between flocks and import supplementary semen from other
countries, and thus contribute to genetic connections and increase spread of genetic gain
between flocks (Avisradet, 2022a).

Index calculations are based on Best Linear Unbiased Prediction (BLUP), a common
method to acquire breeding values. In Norway the BLUP information is transformed into
indexes. The breeding value of an individual may change across its lifetime. New index
calculations was available 20 times in 2022 (Avlsradet, 2022a). After the indexes have been
calculated, each index is generated into an overall-O-index. In this transformation, every trait
Is given weights, depending on progress demands and economic importance. These
percentages change somewhat over time(Avlsradet, 2022a). In this index, some traits are
considered optimum traits (e.g., birth weight and litter size) where a specific optimum is
considered, and the objective is to reduce variation by applying non-linear economic weights
(Blichfeldt, 2020).

An important tool used in Norwegian breeding is the database Sauekontrollen provided by
Animalia. Sauekontrollen is a registration platform for farmers who want to receive an
improved overview of their flocks, including animal indices (Animalia, 2022a). In 2022
53.8% of Norwegian sheep was registered in Sauekontrollen (Animalia, 2022b). Another
provider of information used in the index calculations is the slaughterhouse information about
slaughter carcass weight, EUROP classifications, wool weight, and wool class (Avlsradet,
2022a).

Each year, young test rams with the highest index (or breeding value) and that by experts
are found to have qualifying phenotype will be selected as test rams or be sold to production
flocks to increase the genetic gain (Avlsradet, 2022a). Phenotypic traits evaluated differ by
breed, but Norwegian White Sheep and Norwegian Spzl are evaluated for usage
characteristics; these include feet position, wool quality, wool length, number of teats, and
normal testicular growth. Every trait judged is believed to be heritable, which might vary
between breeds and traits (Eikje & Blichfeldt, 2020).

The only breed currently possessing a genomic breeding value is the Norwegian White
Sheep with a plan to be implemented in The Norwegian Spal in 2023. The genetic parameters
are re-estimated every 3-4 years unless any drastic changes occur, or a new trait is introduced



(Avlisradet, 2022a). Genomic breeding values are especially important for traits that normally
would be measured late in life or after death (e.g., the EUROP scale for meat quality), traits
registered on only one gender (e.g., number of lambs), traits registered later in life (e.g.,
longevity) or traits that are difficult or costly to measure (e.g., methane emission). The traits
with genomic breeding value will have a higher accuracy than traditional breeding values,
especially at young age (Blichfeldt, 2016).

In 2020 NSG started a project to acquire more reliable data on birthing status, teat size,
spring weight and adult weight. Concerning birthing status, the main goal is to include how
much help the ewe needs and the birthing position of each lamb. They also want to implement
registrations on extra teats, udder shape and exterior (Avlsradet, 2022a). Selected farms from
the ram circles were invited to be part of the registration flocks for Norwegian White sheep
and 181 accepted. However, not every farm completed the required registration requirements
in 2022 and it is therefore anticipated that approximately 130-151 will remain (Avlisradet,
2022b).The goal is to have around 100 flocks with approximately 10 000 sheep (Avlisradet,
2023).

Correspondingly, 57 Norwegian Spel flocks were invited to become a registration flock in
2022 (Avlsradet, 2022a).The new registration flocks involved free genome testing of their
ewes as compensation, since the extra registration work is on a voluntary basis.

Genome testing is a tool to provide genetic breeding value, secure paternity, and compile
information about unwanted mutations, including the two myostatin mutations variants for
Norwegian White and Spel, yellow fat and the Finnsheep gene (Avlsradet, 2020; Blichfeldt,
2018). The data collected from genomic testing of the registration flocks will be used to link
genomic data to phenotypic traits. The goal is to use the information to estimate genetic
values for every trait in the breeding goal and develop a new breeding scheme with new traits
(Avlsradet, 2022a).

1.2 Longevity in Norwegian sheep breeds

Longevity is a complex trait with a base in numerous different traits and environmental
effects. This constitutes a challenge for including longevity in a practical breeding scheme.
Even though the trait is challenging, it is coveted to include the trait in a breeding scheme.
Sheep breeding in Norway has tried to include longevity since 2008 but have not been able to
find a useable heritability (Avlsradet, 2008; McLaren et al., 2022). Increased longevity is
regarded as economically beneficial due to reduced replacement costs. Longevity is also
considered an environmental and an animal welfare trait (Hoffman & Valencak, 2020;
McLaren et al., 2022).

Longevity can be defined in various ways. For example, the probability of survival to a
specific age or how many years the animal can stay in production (Borg et al., 2009; McLaren
et al., 2022), but in this study two different definitions were used for different parts. For the
descriptive part of longevity in between the breeds it was defined as how many years the
sheep stay in a traditional production setting and for the estimation of breeding value it was
defined as the possibility to survive one more year at any given age.

Information regarding culling is available in the national database, but the reason behind
it is often lacking (McLaren et al., 2022). The currently top recorded culling reasons in
Norway (2022) are mastitis (20%), age (14.3%) , udder injury (9.3%) and non-breeder (9.1%)
((Animalia, 2022b; McLaren et al., 2022).

Since production animals will be culled when they stop producing, little is known about
the natural aging process of the animals. They have been bred for high economic value
production traits which are often negatively genetically correlated with health traits (Hoffman
& Valencak, 2020). Since the natural aging process is an uncommon occurrence, age related
sickness and other complications are unknown (e.g. teeth loss is a common problem in UK-



sheep production) and new complications may arise with increased longevity (Hoffman &
Valencak, 2020; McLaren et al., 2022). However, at lower ages one may anticipate that
increased longevity will be negatively genetically correlated with disease traits, in
correspondence with what has been found in dairy cattle (Holtsmark et al., 2008). Selection
for increase longevity is therefore an alternative strategy to genetically improve health and
other functional traits in species where disease recording is not possible or difficult, like the
sheep.

The objective of this master thesis was to first describe the present situation,
describing longevity of ewes of different Norwegian breeds and then estimate genetic
parameters (variances and heritability) of longevity in the main breed, Norwegian White
Sheep to evaluate the possibility of selecting for the trait.



2.0 Materials and Method

The main data wrangling and basic statistics was done in SAS and the modelling in the
ASRemI-R package on the on-campus Linux OS computing cluster “Orion” for R studio 4.1.0
(RStudioTeam, 2020).

The original dataset had information from 2001 to 2021. The dataset included more
than 13 million animals and with variables on production (e.g., litter size, weight, carcass
qualities, and wool) and identification (e.g., animal id, farm id, sex, and breed). The data was
collected by Sauekontrollen nationwide and included all breeds.

2.1 Datasets and criteria for inclusion

The thesis looks at “normal” production sheep, i.e., animals in commercial systems
that had experienced a common pasture-based production cycle. The criteria set for the ewe
were to be born between March and May (99%), being born in a litter with between 1 and 5
siblings (99.9%), being weaned between July and November (99.9%) and recruited for
breeding having had at least one litter. Further, to be included the dam would need to produce
at least one litter in the first two years of life and stay at the same farm across her lifetime. For
each herd year the farm would need to have at least 10 winterfed ewes on record to be
included. Ewes were removed in case of logical errors such as registering of having lambs
after her recorded time of death.

After the criteria were implemented two subsets were made. One containing every
breed from the whole country with 4 451 315 observations and one with Norwegian White
sheep from farms in Viken county with 56 196 observations. Further, the breed dataset had
775 578 dams, 86 486 sires and 1 358 908 animals. The data was from 394 municipalities and
included data from 6 765 farms between 2001 and 2021. The number of unique herd-years
were 68 353 with a mean of 101 ewes and a standard deviation of 76. The minimum number
of ewes in a herd in a year was set to 10 and the maximum was 957. After the criteria was
implemented, the data had 9 breeds remaining Dala, Rygja, Speel, Steigar, Norwegian White
sheep, Pelt sheep, Old Norwegian, Old Norwegian Spel and coloured Spel.

The Norwegian White dataset contained 56 196 observations from 125 farms spread
across 21 different municipalities. The observations were made of 18 026 different ewes with
1 605 sires and 10 473 dams. For the 125 farms it was 1 032 unique herd-years with different
number of observations between the restriction of 10 and 233 with a mean of 84.88
observation per herd-year.

With this in mind this thesis will focus on describing the present situation for common
breeds in Norway, while investigating possible heritability for longevity for the biggest
production breed Norwegian white with a sub-dataset from municipalities in Viken County
collected from Sauekontrollen.



2.2 Statistical Methods
The models used was a general linear mixed model

Y=Xb+Zu+e

where Y is the vector of the observed binary trait for longevity, where 0 depicts ewes still
producing litters and 1 depicts ewes no longer producing litters. Moreover, where X is a
matrix linking observations to appropriate fixed effects, b is the vector of fixed effects, Z is a
matrix linking the observations to appropriate random effect, u is the vector of the random
effect, and e is the residual effect.

The model was used for both datasets, with some modifications. For both models a
known X and various Z incidence matrices were included, depending on model. For the breed
dataset a Zyy were inserted to link herd-years (HY) to the observations while for the
Norwegian White sheep dataset three different Z matrices were used: Zg, Zp,.,and Zg. Where
Zs (s~N (8, Ac?,,)) is the additive genetic effect of the sire, Zpe, (Ped~N(9,Aa§ed)is the
permanent environmental effect of the dam, and Z; (dam~N (8, I63,,,) is the maternal
genetic effect of the dam. Above, u denotes the vector of the random effects, and, finally, the
e is a vector of the residual effect. A pedigree matrix containing pedigree data from 32 553
ewes, 16 893 dams and 3 609 sires over 7 generations were generated and the Z; and Z;
matrices. The A matrix was made from, pedigree-based estimates of additive genetic
relationships and linked to sire and dam information by ASReml, respectively.

The b is a vector for the fixed effects. For the breed dataset the fixed effect included
breed, and an interaction term between the ewe age and breed. The fixed effects used for the
Norwegian White dataset were age of ewe and HY, where ewe age is the age where the ewe
got the litter. Each dam got one line for each year she had a litter and one for the year she
died.

The Norwegian White model an expansion the simple fixed effect model (Model 1)
into a sire model (Model 2), and further to include the permanent environmental effects of the
dam (Model 3) to finally including the maternal genetic effect of the dam (Model 4). At the
end an equal variance component model was also run where the additive genetic effect of sire
and maternal genetic effect of the dam were assumed o, (Model 5).

The permanent environmental effect of dam allows for the inclusion of possible
difference between dams in the same environment e.g., disease on the dam with a permanent
effect on the offspring (e.g., dam had been diseased).

In the equal variance component model, the variance components were constrained for
sire and dam to become equal. This model was an alternative version of the linear mixed
model that attempted to include the permanent environmental effect of the dam in addition to
genetic sire and maternal effect. However, with the inclusion, the additional did not converge.

The random models were tested against each other with a likelihood-ratio test (LRT).
Models 3 and 4 were tested against model 2 since the model can be considered nested (the
same model with one more random term).

Heritability estimates for longevity was obtained as shown in Table 1 for model 2
through 5 where calculated based on the traditional heritability formula (Table 1). The Table
shows that estimates were obtained both annually and on an average lifetime basis, the
average calculated from only ewes with a fulfilled potential to die (ewes born between 2001
and 2011).



Table 1: Formulas used to calculate the annual and average lifetime heritability of longevity in various models.
All models estimated the additive genetic variance of sire (05,2), model 3 also a permanent environmental effect
of dam (agedam), and model 4 a maternal effect of dam (0'5). In model 5, a joint sire and dam genetic variance

() was estimated. The average lifetime was estimated as 2,696 years, on basis of ewes that gad a registered
death.

Heritability
Annual Average
lifetime
l Sire Dam
2 4g2 4g?
(a2 + a2) (a2 + c2/2.696)
3 4q?2
(a7 + 0feyym T T5)
4 4g2 403 4g?
(62 4+ a; + c2) (a2 + a5+ a2) | (of +0; + 02/2.694)
5 405,
(2'5525 + ’53)




3.0 Results

3.1 Breed comparison

The mean age for each breed per year is illustrated in Figure 1. The analysis indicated
that there was little change in the mean ages between 2005 and 2017, however, mean ages
appeared to show a decreasing trend between 2018 and 2021 because of the ewes in the most
recent data have not had the opportunity to die yet. Note that the Old Norwegian sheep
experienced a mean ewe age numerically above the others, however not between 2001 and
2004 and a greater mean compared to the other breeds except in 2014 to 2017 (Figure 1).

The age of breeding ewes ranged between 1 and 21 year(s), with a mean age of 2.78
years across all breeds and years (Table 2). The mean ewe age within breed ranged between
2.65 and 3.09, and the breed with the numerically least average age was Norwegian White
Sheep, while the breed holding the corresponding largest average was Old Norwegian Sheep.

— Dala —— Steigar Old Norwegian
— Rygja —— MNorwegian White Old Norwegian Spel
White Spel Pelt — Coloured Spel

Mean ewe age
4
|

T T T T T
2000 2005 2010 2015 2020

Year

Figure 1: The mean ewe age between 2001 and 2021 by breed, using data from all counties.
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Table 2: Descriptive statistics from the breed comparison sub-dataset with nine breeds, with total number of
ewes per breed, number, and percentage of ewes per age, and the mean age for each breed.

Age |Dala Eyga White steigar | Norwegian | Pelt Old Old Coloured
Spal White sheep Norwegian | Norwegian [Spal
sheep spael

1 39 462 10589 151 078 31 743 1 046 506 15 814 4 064 13 616 20654
(29.57%) | (27.13%) |(27.83%) |(27.67%) |(30.58%) |(29.78%) |(25.70%) | (29.44%) |(29.62%)

2 34 107 5907 126 856 27 322 845 053 16 056 3 589 12 140 16 794
(25.56%) | (24.46%) |(23.37%) | (23.81%) |(24.80%) | (24.13%) |(22.70%) | (26.25%) |(24.09%)

3 23511 7341 96 279 20 500 010 716 11 55& 2722 8325 12251
(17.92%) | (18.13%) |(18.13%) |(17.86%) |(17.84%) | (17.37%) |(17.21%) |(18.00%) |(17.57%)

4 16012 5156 F0 500 14 969 419 652 g 150 1566 5461 & 583
(12%) (12.73%) | (13.06%) | (13.04%) |(12.26%) |(12.31) |(12.43%) |(11.81%) |(12.31%)

3 10454 3441 45013 10 352 267 324 5 505 1365 3 386 3619
(7.83%) | (8.50%) | (9.03%) (9.02%) | (7.81%) (8.27%) | (2.66%) (7.31) (2.06%)

5] 6 206 2161 30591 6576 150 597 3275 936 1845 3354
(4.65%) | (5.34%) | (5.64%) (5.72%) | (4.41%) (4.92%) | (5.92%) (3.99%)  |(4.81%)

7 2 516 1075 13 540 2 359 60 694 1583 605 8859 1588
(1.89%) | (2.65%) |(2.49%) | (2.23%) |(L.77%) (2.38%) | (3.83%) (1.92%)  |(2.28%)

a 031 326 3644 588 14 505 447 324 a7 583
(0.47%) | (0.80%) | (0.67%) (0.51%) | (0.42%) (0.67%) | (2.05%) (0.86%)  |(0.84%)

9 128 &3 725 114 2571 a7 165 136 207
(0.10%) | (0.20%) |(0.13%) |(0.10%) | (0.08%) (0.13%) | (1.04%) (0.29%)  |(0.30%)

10 21(0.02%) | 21(0.05%) | 136(0.03%) | 17(0.01%) | 436(0.01%) | 17(0.03%) | 54 (0.34%) | 38 (0.08%) |62(0.09%)

11 5(0.00%) | 2(0.00%) | 34(0.01%) | 2(0.00%) |74(0.00%) |4(0.01%) |16(0.10%) |16(0.03%) |23(0.03%)

12 1(0.00%) 6(0.00%) | 5(0.00%) | 22(0.00%) 3(0.02%) | 6(0.01%) [11(0.02%)

13 1(0.00%) 3 (0.00%) 3 (0.00%)

14 2 (0.00%) 2 (0.00%)

15 1(0.00%) 1 (0.00%)

16 1 (0.00%)

17 2 (0.00%)

21 1(0.00%) | 1 (0.00%)

Mean | 2.68 2.83 2.83 2.81 2.63 2.74 3.09 2.68 2.73

SUM 133 454 A0 502 542 804 114 753 3422 959 66 536 15813 46 255 69 738
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The corresponding average for longevity of ewes by breed shows the mortality rates
per age-class (Figure 2). The mortality rate stays around 20% from age 1 to age 5, and then
increase for every breed to between 40% and 60%. Each breed had different mortality
reaching 100% mortality between the ages of 12 and 21 years old.
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Figure 2: Mean longevity by ewe age for each breed using data from all counties.

The mortality per breed was calculated for the years 2001 to 2021. The mortality rate
recorded is around 10% to 20% of every sheep breed each year, except Steigar had a mortality

of close to 40% in 2015 (Figure 3).
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Figure 3: Mean mortality rate by year for each breed using data from all counties.

The variance components for the breed comparison model with random HY to easily

compute least-squares mean for longevity by age of ewe within breed is shown in Table 3.
The z.ratio was considerably larger than 2, indicating significant variance components.
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Table 3: Estimated variance component for the breed comparison model with herd-year effects considered as
random, with standard error, confidence interval and the Z.ratio.

Varance components — Breed comparison model

Component sSE Z ratio
HY 0.0173 1.1e-04 1545
Error 0.1251 8. 5e-05 14799

The predicted value for the estimated fixed effect, age of ewe within breed, for every
breed moved towards 1 with similar results across ewe ages with standard errors between
+0.0006 and £0.3604 (Figure 4).

w
-~ 7] — Dala — Steigar Old Norwegian
— Rygja —— Norwegian White Old Norwegian Spel
White Spel Pelt — Coloured Spel

10

Predicted value
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00
|

Ewe age
Figure 4: The predicted value of the fixed effects for each ewe age between breeds.
The Wald test indicate that breed is important for longevity with a constrained Wald F

statistics value of 572.9. The interaction term between age of the ewe within breed had higher
constrained F statistics value of 2359.0 (Table 4).

Table 4: Wald test for the breed description model of longevity, for the variables breed and the variable ewe age
within breed, with degrees of freedom and constrained Wald F statistics.

Wald Test — Breed comparison model

B oo

Breed 8 5729

Ewe age within Breed | 107 23590
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3.2 Genetic Analysis

In the data used for genetic analysis, the age of the ewes where between 1 and 10 years
of age with a mean of 2.64 (Figure 5), in correspondence with the mean for Norwegian White
sheep from the whole country at 2.65 (Table 2).

10

Mean ewe age
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Figure 5: The mean ewe age between 2001 and 2021 for Norwegian White Sheep using data from municipalities
in Viken county.

The mortality across each ewe age (Figure 6) was similar to the results for the breed
dataset one for each breed with the mortality risk increasing from age 5 and stabilize at age 7
at around 60%. At 11 years of age the mortality is a 100%.

0g 10
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Figure 6: The mortality for every ewe age for Norwegian White sheep between 1 and 10 years.
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The mortality rate of the total amount of sheep by year was close to stable between
10% and 25%, however some years the mortality rose above 25% (Figure 7). This
corresponds with the results for the breed results across counties.

1.0

06

Mortality

04

0o
!

2005 2010 2015 2020

Year

Figure 7: The mortality by year for Norwegian White sheep, using data from municipalities in Viken county.
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3.2.1 Fixed effects model
The fixed effect model, model 1, included the fixed effects of herd-year and age of the
ewe, i.e., age of ewes, and had no random effects. Both herd-year and ewe age had high
constrained Wald F statistics (Table 5) and where therefore included in the up-and-coming
models. The estimated error variance component in this model was 0.1340 + 0.0008.

Table 5: Wald test of model 1 for herd-year and ewe age with degrees of freedom and f increments results.

Wald Test — Model 1

- o

Herd Year 1025 58

Ewe age 9 3243

3.2.2 The Sire model
In model 2 the estimated variance components with standard errors and Z ratio were
provided (Table 6). Again, these the z. ratios were larger than 2.
From model 2, the heritability was estimated at 0.057 = 0.008. Additionally, the
heritability calculated for an average lifetime of an animal (2.694 years) at 0.149 + 0.002.

Table 6: Estimated variance components for the sire effect and error term in model 2, with standard errors and
the Z.ratio.

Vanance Components — Model 2

_ Component SE Z ratio

Sire 0.0019 0.0027 72

Error 0.1328 0.0008 161.5

3.2.3 Sire model including the permanent environmental effect of dam
Model 3, the sire variance was reduced relative to model 2, and both variance
components were seemingly significant with respect to size of the Z.ratio (Table 7). With the
inclusion of the permanent effect of dam the standard error of the sire variance was reduced.
The heritability was estimated at 0.055 + 0.008. The mean heritability across an average
lifetime (2.694 years) was 0.141 + 0.028.

Table 7: Estimated variance components for sire, permanent environmental effect of the dam (Pegq,, ) and error
term in model 3, with standard errors, and Z.ratio.

Variance Components — Model 3
_ Component sSE Z ratio
Pe, 0.0018 0.0004 49
Sire 0.0018 0.0003 69
Error 0.1311 0.0009 1504
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3.2.4 Sire model with the maternal genetic effect
Model 4, the estimated variance component, and standard error for sire were,
respectively, similar to the model containing the permanent environmental effect of dam. The
maternal genetic variance was similar to the sire results (0.0015 vs 0.0018; Table 8). The
heritability for the sire effect was 0.055 + 0.008 and the maternal genetic effect of dam was
0.0449 + 0.009. Over an average lifetime (2.694 years), the heritability was estimated at 0.141
+ 0.020.

Table 8: Estimated variance components for sire, maternal genetic effect of dam and error term in model 3, with
standard errors, and Z.ratio.

Variance Components — Model 4

_ Component SE Z ratio

Sire 0.0018 0.0003 6.9
Dam 0.0015 0.0003 5.1
Error 0.1315 0.0008 1556

Figure 7 shows the increasing heritability estimate with repeated longevity records
between 2 and 9. The heritability increased from 0.10 at two to 0.40 with 9 records.

Heritability estimate
D25 030 035 040
| | | |

020
I

0.15
I

010
I

Figure 7: The heritability estimates with increasing repeated records between 2 and 9 records.
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3.2.5 Equal variance components model
With the equal variance component model, the estimated components were
constrained to be equal to 0.0017 + 0.0002 for both the sire and dam genetic effects (Table 9).
The heritability for this model was estimated at 0.050 + 0.006.

Table 9: Estimated variance components of model 5Swith equal results for Sire and Dam effect for the
component, standard errors and Z.ratio.

Varniance Components Model 5
_ Component SE Z ratio
Sire 0.0017 0.0002 89
Dam 0.0017 0.0002 89
Error 0.1314 0.0008 156.8

3.3 Model comparisons

Model 3 and 4 could be estimated compared with model 2. Every model shows a
significance with P<0.001 and an increase in the log likelihood >19. This means the included
terms (maternal environmental effects with genetic and environmental components) in models
3 and 4 had a significant improvement (Table 10).

Table 10: The results of the Likelihood-ratio Test with the log likelihood results, log likelihood increases and p
value when tested against model 2.

Likelihood ratio test

- Log likelihood | Log likelihood increase | P value
Model 2 | 24997 65

Model 3 | 25009.92 24.54 1.33E-07
Model 4 | 25016.02 36.74 1.35E-09
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4.0 Discussion

Longevity is a complex trait and is challenging to use in a breeding scheme. The trait
is heavily reliant on numerous environmental and genetic factors. Some examples include
farm management, predator occurrence and disease resistance. How long the ewe survive in a
production setting is very much up to the farmer. The farmer chooses animals for the next
generation, but they do not all choose based on the same principles. One farmer will chose
only based on indexes provided from Sauekontrollen or look at data collected from production
traits, while another chooses the daughter of his favourite friendly sheep or the one that
always find the best pasture during summer. Since every farmer has his/hers own choice the
heritability of longevity will be difficult to measure, but with the inclusion of herd-year as a
variable in the evaluation model it is possible to take this into account. Using a longitudinal
model with one phenotype per year makes it possible to include herd-year in the genetic
evaluation model, the biggest change from previous attempts to estimate heritability for
longevity in Norwegian sheep.

4.1 Model criteria — is it adequate?

The base criteria regarding the normal production sheep included 99% of the original
ewes and was responsible for eliminating outliers. This included ewes not born between
March and May, not in a litter between 1 to 5 or weaned outside of July to November. The
principal of a normal production sheep is based in the criteria for being included into the o-
index by NSG (Blichfeldt, 2020).

With the implementation of at least 10 sheep for each herd, every year the probability
for eliminating nonproduction farms increased. Less than 10 winterfed animals could be an
indication of a hobby farmer. This number could have been increased, but since the average
sheep farm in Norway includes around 40 winterfed ewes with some variation, 10 was chosen
to not delete too many of the flocks.

In regard of the choice of sheep from municipalities from Viken county there were
several alternatives, but Viken has low predation and a sufficient number of observations in
the time period. If the goal was to look at the highest number of observations it would have
been natural to choose Rogaland or Vestland (SSB, 2023), but in this instance the main goal
was to get the model working with herd-year and the age of the ewe as fixed effects. Herd-
year takes censoring into account and makes it possible to include animals not yet culled and
corrects for the mean of every herd-year. While the age of the ewe corrects for the age of the
ewes.

4.2 Breed comparison

The nine breeds studied were Dala, Rygja, Spael (White and coloured), Steigar,
Norwegian White, Pelt sheep, Old Norwegian sheep and GNS sheep.

These breeds had approximately the same mean age, between 2.65 and 3.09 years
(Table 2), but since they were not raised in the same environment (e.g., same farm), they
cannot be directly compared to each other. However, the numerical differences in mean age
are small between breeds. This might be because of similarities in the breeding schemes for
each breed or the long-time effect of breeding for the same traits (e.g., production related
traits). Farmers will learn from each other and implement a lot of the same criteria for their
flocks, sometimes independent of breeds.

Several aspects of farm management have an impact on mortality. The treatment
provided by the farmer in form of e.g., feed and disease prevention will impact longevity.
Even though some breeds have different criteria for being kept over time (e.g., difference
between production- and preservation breeds), the resulting difference in mean age is low.
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It could have been expected that the less production heavy breeds would present with a
higher numerical mean age, but the numerical difference between the highest and the lowest
was under 1 year. A possible reason could be the dataset do not represent the true average
mean of every breed. For example, not every sheep is registered into Sauekontrollen (59,7%)
and some of the smaller farms (under 10 winterfed ewes) where deleted under the selection
criteria.

Age is the second most prominent registered culling reason (14%.3), after mastitis
(20%), but the mean age of every breed is low compared to the highest recorded (21 years) for
each breed (Table 2). This could indicate that we remove the sheep from production
prematurely when they could have been kept longer. The high replacement cost and the low
price for older sheep’s meat should be encouragement for the farmer to increase the mean age
of their flocks.

Other culling reasons where udder injury and non-breeder, but 13.3% of the information is
recorded as either unknown cause (7%) or other known cause (5.8%) (Animalia, 2022b).
Unknown and other do not give sufficient data for evaluation and the definition of udder
injury could also include mastitis even though it is not supposed to. The recording of why a
sheep was culled are sub-par but might improve with the new registration flocks.

4.3 The dataset and the model

The models run were all based on a sire model instead of an animal model. In the sire
model, only the sires will be modelled with equations based on their progeny data, which
makes it easier to compute since the number of sires are much lower than that of the whole
pedigree, utilised in the animal model. In this case there were 1 605 sires compared to 10 473
dams for the 18 026 individuals. It compares sires against each other. Since the model only
considers the additive genetic effect off the sire, the accuracy of the sire (in a sire model)
might be lower than for the sire effect in an animal model. However, the sire model was
chosen because the aim was to estimate variance components that were not influenced by
common environment factors, which they would have been in an animal model. Still, for
predicting of breeding values, fitting an animal model instead of a sire model could be
advantageous, since it would make it possible to include all genetic relationships in
calculations of breeding values. This would be advantageous when selecting new candidates
of both sexes (van der Werf, 2012).

The sire model can have maternal effect included. Including maternal effects makes it
possible to estimate and correct for biases regarding the ewe (van der Werf, 2012), and this
was done by either including permanent environmental effect of the dam or the genetic
maternal effect. In either way, the variance components were similar, supporting consistent
results. Maternal traits are important and also included in the breeding goal for Norwegian
White sheep (NSG, 2023b). Important maternal traits include milk production, fertility, udder
conformation, lambing difficulties, and mastitis (Lillehammer et al., 2020).

One problem facing the models was the inclusion of the permanent environmental
effect of the dam it in addition to additive genetic effect of sire and the maternal genetic effect
of the dam. Adding in the permanent environmental effect was attempted both in model 4 and
5 to make additional models, but computer resources were not sufficient.

4.4 The additive genetic analysis of Norwegian white
Given the results of the likelihood-ratio test (Table 10) the superior model would be
the sire model with the inclusion of the maternal genetic effect of the Dam. The heritability
for annual longevity was approximately 5%, but over an average lifetime of the ewe the lower
standard error led to a heritability estimate of 14%. Since longevity is a complex trait highly
influenced by the environmental, a heritability estimates of 14% could be viewed as high. The
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model itself was only run with two different variables which were herd-year and the ewe age
for each litter, but attempts were made to include different variables, with little to no change
in the overall heritability and variance components.

Many different traits affect longevity including how well animals survive against
predators. In the municipalities the data are collected from the biggest threat is the wolf, but
attacks are not frequent. Another trait related to longevity is disease resistance where mastitis
is the biggest concern for Norwegian White sheep. NSG is currently working towards
estimating breeding values for mastitis with correlation to longevity, but without published
results as of now. The biggest problem for estimating heritability for mastitis is the lack of
good information. The registration flocks are supposed to give more and superior information
on mastitis and other udder deformities.

4.5 Future possibilities

The possibility to keep the average ewe in production for a longer period is high and will
give economic-, environmental- and welfare benefits. The present situation of the average age
of 2.64 for Norwegian White is lower than the results for average age in other countries (e.g.,
Ireland, United Kingdom)(McLaren et al., 2022), however the mean could increase in the
coming years if selection on longevity is implemented into the breeding scheme. Alongside
the implementation of longevity into the breeding scheme, reducing the culling reasons, might
also show results. The new registration flocks may provide a higher level of information and
therefore provide better understanding, but this improved information is not yet available.

As mentioned before new problems might arise with an increased average age, so
breeding for better health alongside increased longevity will increase in importance. Possible
problems if the mean age increase could be ageing related sickness, teeth loss and fertility
problems(McLaren et al., 2022). To implement longevity into a practical breeding scheme
correlations with other traits need to be estimated. Especially relationships with growth traits
need to be estimated, since health related traits are often negatively correlated with growth
traits (Hatcher et al., 2009; Safari et al., 2005).

This type of genetic analysis can be performed on every breed and for bigger parts of the
country. It is also expected if both the permanent environmental effect of the dam and the
maternal genetic effect of the dam was included into the same model the results would
improve.

5.0 Conclusion

The current numerical difference between breeds longevity is not large, even though
some of the breeds are not modern high-producing animals. Longevity could be a low-cost
implementation in the Norwegian sheep breeding scheme. The model produces heritability
results on par with those for growth traits and is something that could be applied sooner rather
than later.
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