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Abstract

Context. Cow survival measures the ability of cows to survive from the current to subsequent lactation. In addition to
economic gain, genetic selection for survival could improve animal welfare by increasing the adaptability and resilience
of the cows to both environmental and health challenges. However, survival is a complex trait because it results from a
diverse range of reasons for culling of cows from the herd. Consequently, the accuracy of genetic predictions of direct
survival are often low.

Aims. Our aim was to increase the accuracy of predictions of survival in Holstein and Jersey sires by including
important predictor traits in multi-trait evaluation models.

Methods. Phenotypic and genetic correlations between survival trait deviations (TDs) and 35 routinely measured
traits (including milk yield, fertility and type traits) were estimated using bivariate sire models. Survival TDs for
538394 Holstein and 63 839 Jersey cows were used in our study; these cows or their close relatives also had milk,
fertility and type traits records between 2002 and 2019. These genetic parameters were required to assess the potential
usefulness of predictor traits for the prediction of survival.

Key results. Survival was genetically correlated with milk, fat and protein yields, overall type, composite mammary
system and fertility TDs in both Holstein and Jersey. Further, most of the type traits related to feet and legs, and rump,
were also correlated with survival TDs in Jersey. For sires, the accuracy of predictions for survival increased by 0.05 for
Holsteins (from 0.54 to 0.59) and for Jerseys (from 0.48 to 0.53) through the use of multivariate models compared with
univariate models.

Conclusions. Survival was genetically associated with traits affecting voluntary and involuntary culling and when
included in multi-trait genetic evaluation models, they moderately improved the accuracy of genetic prediction of
survival.

Implications. Predictor traits can be used to increase the accuracy of predictions of survival through the use of multi-
trait models. The inclusion of breed-specific predictor traits should be considered, especially for Jerseys in genetic

evaluations of survival.
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Introduction

Cow survival reflects the ability of a cow to avoid being
removed from the herd because of voluntary culling (poor
milk production) or involuntary culling (infertility, illnesses,
injuries and death; Weigel ef al. 2003). Survival is the second-
most important trait after protein yield in the Australian
balanced performance index, mainly because it has a large
direct contribution in reducing replacement costs (Byrne et al.
2016). High-producing cows that last longer in dairy herds are
likely to produce a higher proportion of milk yield as mature
cows (Pritchard et al. 2013). Moreover, selecting for survival
is associated with improved fertility and animal welfare
through increased productive life and improved resistance
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to infectious diseases, such as mastitis, in addition to
reducing environmental emissions (Garnsworthy 2004;
Pritchard er al. 2013; Barkema et al. 2015; Pryce and Bell
2017).

Culling decisions made by farmers are often based on the
profitability of cows in the herd. The costs and benefits of culling
cows from a herd depend on several factors, such as age, days in
milk and pregnancy status, the production system (seasonal
pasture-based or intensive), the price of milk and female
replacements and farmers’ desire to expand their herds
(Weigel et al. 2003; Giordano et al. 2011). Hence, genetic
evaluation of productive life is challenging, because cow
survival is highly affected by management decisions.
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Improving the accuracy of predictions for survival

The heritability (4%) of survival measured as the
reappearance of a cow in the next lactation is low. Haile-
Mariam and Pryce (2015) reported that the I* of survival from
first to second lactation in Australian Holsteins ranged
between 0.03 and 0.07 in ~20 years (1993-2012). The A*
for other longevity traits, such as days of productive life, has
been reported to be low (~0.05) as well (Pritchard et al. 2013).
However, the estimated 4> from survival models (0.10-0.18)
were often marginally higher than those from linear models
(0.03-0.11) because the data from existing cows in the herd
can be handled more appropriately in survival analytical
models (Forabosco et al. 2009; Sasaki 2013). Although the
h? for survival is generally low, this trait is still quite important
in breeding programs due to its large economic value
compared with other traits (Byrne et al. 2016).

Given the low /4 and, subsequently, expectation of low to
modest accuracies of estimated breeding values (EBVs) for
survival, traits correlated with survival can be used for indirect
selection, or as predictor traits in a multi-trait genetic
evaluation model (Forabosco ef al. 2009). In fact, one of
the main incentives to select for improved conformation
and fertility is to reduce the chance of involuntary culling
of cows, which allows the farmers to increase the selection
pressure for milk production traits (Weigel et al. 2003).
However, the correlation between survival and other traits,
such as culling reasons, may vary over time, Or across
lactations, which could limit the usefulness of exploiting
predictor traits in improving the accuracy of EBVs for
survival (Haile-Mariam and Pryce 2015; Workie ef al. 2021).

The aims of our research were to (1) estimate the phenotypic
and genetic correlations between survival and milk production
traits (milk, fat and protein yields), 25 linear and five composite
conformation traits, body condition score (BCS) and fertility
(calving interval) trait deviations (TDs) and then (2) test the
usefulness of the most promising predictor traits that are
genetically correlated with survival, so as to increase the
accuracy of EBVs for survival in Holstein and Jersey breeds
inmulti-trait models. This is important, particularly for the Jersey
breed because most of the predictors of survival in Australia are
developed using Holstein data.

Materials and methods
Data

The data used in the present study was provided by DataGene
Pty Ltd (Melbourne, Australia). In Australia, the dominant
dairy farming system is a pasture-based seasonal production
system with a low level of supplementation (Haile-Mariam and
Pryce 2019; Ooi et al. 2021). The data consisted of survival
TDs for 538 394 pure Holstein and 63 839 pure Jersey cows.
The survival TD is a measure of the number of lactations that
cows remained in the herd adjusted for all known fixed effects,
as described by Haile-Mariam et al. (2015). In addition to
survival TDs, we had access to milk production records and
type-trait scores (25 linear and 5 composite traits as described
in DataGene (20215)), BCS and fertility TDs of these cows
and their close relatives that produced between 2002 and 2019.
The pedigree-based breed composition was used to retain only
phenotypes of purebred cows in the analyses. The pedigree file
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was also trimmed by removing the individuals that were not
connected to the purebred cows present in our study.

Univariate models

The univariate sire models were run separately for Holstein
and Jersey breeds in ASRemL (Gilmour ef al. 2015) and were
as follows:

y=Xb+ Zu+e,

where, y is the vector of survival TDs (the phenotypes were
previously adjusted for fixed effects including herd—year—
season, month of calving, parity and age at calving); b, u ~N
(0, Ac?,) and e ~N(0, Ic?,) are the vectors of fixed effects
(i.e. average), EBVs/2 (i.e. predicted transmitting ability) and
random residual effects, in which A and I are the relationship and
the identity matrices and o°, and 0% are sire and residual
variances respectively; X and Z are design matrices relating
survival TDs to the corresponding fixed and random effects
respectively.

Bivariate models

We ran bivariate sire models in ASRemL to estimate the
phenotypic and genetic correlations between survival TDs and
the other traits. The model used was as follows:

C)-Co o) G- (o)
L)) ()

where, yy, by, u; and e; are the vectors of observations, fixed
effects, EBVs/2 and random residual effects for Trait 1
(i.e. survival) respectively and y, is the vector of phenotypic
records for Trait 2 (i.e. each of the 35 potential predictor traits
were selected one at a time). For the fixed effects, b, contains the
effects of average as well as, for milk traits: herd—year—season,
parity and age at calving; for type traits and BCS:
herd—year—classifier, days in milk and age at classification
date; for fertility TDs: the phenotypes were adjusted by
DataGene for the fixed effects similar to survival TDs. For the
random terms, u, and e, are the vectors EBV/2 and random
residual effects for Trait 2 respectively; ¢, ~N(O0, Iczcz) is the
vector of random cow permanent environment effects fitted just
for the milk traits (repeatable traits), in which 6% is the permeant
environment variance. X, Z and W are design matrices relating
phenotypes to the corresponding effects for Trait 1 or Trait 2,
according to their subscript.
The sire and residual effects

" AO’il A(Tul,z " IO'gl 10'61’2

N(O’ (Aa'uz_l AO’iz >) and N(O’ (10'6271 Ia'gz >)
respectively.

are assumed to be

Including important predictor traits in multivariate models

Using the estimated genetic correlations between survival and
other traits in the bivariate models and the main reasons for
voluntary and involuntary culling (Weigel et al. 2003; Workie
et al. 2021), we fitted four traits (survival TD, milk yield,
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composite overall type and fertility TD) in the multivariate sire
model as follows:

n )(1 0 b1 Z1 0
= +
Vs 0 X4 b4 0 Z4
u e
Wz 0 (6]
+ . +
s . . . . e
0 ... 0 0

where, the model terms for Traits 1-4 are similar to the
previously described models, and just for milk yield (i.e. Trait
2), the cow permanent environment effects are estimated
in the model. The sire and residual effects for the four traits in

the multivariate model are assumed to be ~N(O,
AO’il A0'u1‘4 IU’gl I(Tel_’4
: : and ~N(0, :
A0'u4’1 AO’£4 10'8471 10'34
respectively.

Accuracy of predictions for survival

The accuracy of genetic predictions for survival was calculated
as

o PE VSire i
accuracy = |1 — ——>—
0-14

where, PEVg;,. ; is the prediction error variance for Sire i and
07, is the estimated sire genetic variance in the model. As the
number of daughters per sire had a large variation, we also
reported the accuracy of predictions in five groups (sires with
<10, 1049, 50-99, 100-499 and >500 daughters with
survival TDs).

Results

Correlation between survival and other traits in bivariate
models

The estimated phenotypic and genetic correlations between
survival and other traits in bivariate models for Holsteins and
Jerseys are shown in Tables 1 and 2 respectively. The number
of cows with records/scores/TDs, 4 (and repeatability for milk
traits) and summary statistics for different traits are shown in
the tables as well.

The phenotypic correlations between survival TDs and
different traits were generally low to moderate except for
milk traits, overall type and fertility TDs. Survival in
Holsteins was genetically highly correlated with milk (0.21
+ 0.02), fat (0.45 £ 0.02) and protein (0.50 £ 0.02) yields,
composite overall type (0.25 + 0.03), composite mammary
system (0.27 £ 0.03), composite rump (0.14 £+ 0.04) and
fertility (i.e. calving interval) TDs (—0.44 £ 0.02).

In Jerseys, most of the traits were genetically correlated
with survival TDs, such as milk (0.60 + 0.04), fat
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(0.73 £ 0.04) and protein (0.72 + 0.04) yields, composite
overall type (0.50 + 0.07), composite mammary system (0.50
4 0.07) and fertility TDs (-0.41 £+ 0.07).

Correlation among different traits in multivariate models

The phenotypic and genetic correlations among the four traits
in multivariate models (i.e. survival TD, milk yield, overall
type and fertility TD) for Holsteins and Jerseys are shown in
Tables 3 and 4 respectively. According to the estimated 4%,
which are reported in the tables, the h* for survival in
multivariate compared with univariate models slightly
increased in Jerseys (from 0.18 + 0.02 to 0.20 + 0.02), but
did not change in Holstein (0.16 £+ 0.01). Generally, the
estimated /4? and correlations between the traits and survival
in multivariate models were close to those from bivariate
models. Nevertheless, exploring the genetic correlations
among the traits in our multivariate models could be useful
to understand the potential associations among the traits that
were correlated with survival, and help remove redundant
traits.

Accuracy of predictions in different models

In Fig. 1, the average, and distribution of the accuracy of
predictions for survival in sires are shown using the
univariate, bivariate (survival plus either milk yield,
composite overall type or fertility TDs) and multivariate
models. The accuracy of predictions improved in
multivariate compared with univariate models in Holstein
(from 0.54 to 0.59) and Jersey (from 0.48 to 0.53).
However, there was no obvious benefit in using multiple
predictor traits in multivariate models compared with any of
the bivariate models.

The number of daughters with survival TDs affects the
accuracy of predictions in sires. Therefore, in Fig. 1, the
accuracy of predictions in Holsteins (on average, 22.8
daughters) was higher than in Jerseys (on average, 12.5
daughters). In Fig. 2, the distribution of the accuracy of
predictions of survival are shown for Holstein and Jersey
sires with varying numbers of daughters. As expected, the
accuracy of prediction increased with the number of daughters
in both breeds. However, the improvement in accuracy from
multivariate compared with univariate models was more
obvious when the number of daughters with survival TDs
per sire was lower (i.e. <100).

Discussion

In dairy herds, the return on investment raising heifer
replacements starts when lactation commences and is
wasted if a calf never becomes productive or cannot survive
as a lactating cow before reaching her full lactation potential
(Chamberlain 2012). In fact, recovering of costs does not occur
until at least 1.5 lactations have occurred and that just covers
the costs of breeding and rearing replacement heifers (van der
Heide et al. 2020).

The success in producing replacement heifers depends on
prenatal survival (affected by early to late embryonic loss,
abortion and stillbirth), as well as calf or juvenile survival
(which is the loss between birth and first calving and mostly
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Table 1. Summary statistics and the estimated heritability (h%), repeatability (+?) as well as the estimated phenotypic (rp), and genetic (ry)
correlation coefficients between the traits and survival in bivariate sire models for Holstein breed

Trait Number of animals Mean =+ s.d. W tse (P £s.e.) rp £ s.e. 7y £ 8.C.
(Number of records)

Milk yield (305-day) 504 898 (1932905) 7374.13 +2509.50 0.15+0.01 (0.45 £ 0.01) 0.09 +0.01 0.21 £0.02
Fat yield (305-day) 504 898 (1932905) 284.48 +98.35 0.12 £ 0.01 (0.33 £0.01) 0.21 £ 0.01 0.45 +0.02
Protein yield (305-day) 504 898 (1932905) 239.67 + 83.51 0.11 +£0.01 (0.31 £0.01) 0.23 +0.01 0.50 +0.02
Foot angle 226 588 524 +1.01 0.15+0.01 0.00 = 0.00 —0.05 £0.04
Heel depth 160727 5.61 +1.02 0.10 £ 0.01 0.01 +0.00 0.02 + 0.05
Rear legs — rear view 202181 5.68 £1.24 0.08 £ 0.01 0.03 +0.00 0.10 £ 0.04
Rear legs — side view 240434 5.46 + 1.06 0.11 +£0.01 —0.01 £ 0.00 —0.01 £ 0.04
Bone quality 240426 6.60 + 1.26 0.25 +0.01 0.00 = 0.00 0.04 £0.03
Pin set 240432 412+ 1.27 0.26 +0.01 0.02 +0.00 0.10 +0.03
Pin width 240426 6.37 £ 1.31 0.26 £ 0.01 0.01 +0.00 0.06 £0.03
Rump length 51032 544 +1.12 0.19 +0.02 0.03 +0.00 0.04 +0.06
Loin strength 205593 6.39 +1.03 0.15 +0.01 0.02 +0.00 0.02 +0.04
Stature 240429 6.56 + 1.56 0.35 +0.01 0.02 +0.00 0.10 +0.03
Muzzle width 240427 5.93 +1.09 0.19 +£0.01 0.00 +0.00 —-0.08 £ 0.03
Chest width 240425 541+ 1.21 0.17 +£0.01 0.02 +0.00 0.01 +0.03
Body depth 226579 5.88 +1.26 0.28 £ 0.01 0.00 +0.00 —-0.09 £ 0.03
Angularity 240431 5.77 £ 1.09 0.19 +0.01 0.01 +0.00 0.01 +0.03
Body length 51032 5.87 +1.09 0.23 +£0.02 0.02 +0.00 —0.01 £0.05
Udder depth 226578 540+ 1.46 0.32 +£0.01 0.03 +0.00 0.19 +0.03
Udder texture 240422 6.02 +1.21 0.15 +0.01 0.02 +0.00 0.05 +0.03
Median suspensory 240422 6.36 + 1.16 0.15 4+ 0.01 0.04 +0.00 0.17 £ 0.03
Fore attachment 240431 5.58 +1.29 0.15 +0.01 0.04 £ 0.00 0.18 £0.03
Front teat placement 240424 4.99 £ 1.30 0.27 £ 0.01 0.02 +0.00 0.10 +0.03
Rear attachment height 240426 6.30 + 1.32 0.17 +£0.01 0.04 +0.00 0.16 £ 0.03
Rear attachment width 240424 5.55+1.37 0.16 £ 0.01 0.04 +0.00 0.10 +0.03
Rear teat placement 188776 6.89 + 1.11 0.25+0.01 0.00 £+ 0.00 0.00 + 0.04
Teat length 226557 447+1.35 0.32 £0.01 0.00 + 0.00 —0.10 £ 0.03
Front end height 24457 530+ 1.16 0.14 +£0.02 0.00 +0.01 —0.08 +£0.08
Composite feet and legs 162941 11.06 £ 1.56 0.07 £ 0.01 0.03 +0.00 0.05 +0.05
Composite rump 162941 11.15+2.26 0.23 +£0.01 0.03 +0.00 0.14 +0.04
Composite dairy strength 162941 11.42 £1.76 0.20 £ 0.01 0.03 £ 0.00 -0.02 £ 0.04
Composite mammary system 240075 10.16 £ 1.73 0.20 + 0.01 0.09 £ 0.00 0.27 £ 0.03
Composite overall type 240427 9.87+1.73 0.19 £ 0.01 0.10 £+ 0.00 0.25 +0.03
Body condition score 198491 3.99 +£0.73 0.12 +£0.01 0.01 +0.00 —0.04 + 0.04
Fertility (trait deviation) 439434 8.58 +32.40 0.15+0.01 —0.18 £ 0.00 —0.44 £ 0.02
because of genetic defects, diseases, accidents or failure to Sasaki 2013). Consequently, selecting for increased

conceive; Wathes et al. 2008). Calf survival is highly
influenced by environmental factors and has been reported
to have a low 4> (0.01-0.04; Hansen et al. 2003; Fuerst-Waltl
and Serensen 2010; Pritchard et al. 2013). Data to study
calf mortality are scarce, especially in Australian dairy
farms, as many female replacements are officially identified
for the first time only when they commence milk recording.
However, calf survival has been reported to be genetically
correlated with cow survival (0.31 + 0.14), potentially because
cows lasting longer in dairy herds are likely to have daughters
that survive and become replacement heifers (Pritchard et al.
2013). Compared with calf survival, cow survival has been
reported to have a higher 4* (0.03-0.18) and the data to study
cow survival can be easily obtained from milk-recording
organisations (Forabosco et al. 2009; Pritchard er al. 2013;

productive life, or functional longevity of cows, is a
practical approach, which could also have some benefits in
improving calf survival.

The estimated A* for cow survival in our study (0.16-0.20)
was comparatively high relative to previous estimates using
linear models (Forabosco et al. 2009). The high estimate of 4°
for cow survival could be because survival TDs were repeated
records and they were not adjusted for traits such as milk and
conformation traits, which are moderately to highly heritable
and strongly associated with culling decisions. However, we
combined survival records across lactations to calculate
survival TDs without considering that culling reasons may
vary throughout the cows’ productive life. To overcome this
problem, instead of using survival TDs in the prediction
model, raw survival records can be adjusted for the traits
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Table 2. Summary statistics and the estimated heritability (h%), repeatability (+*) as well as the estimated phenotypic (rp), and genetic (ry)
correlation coefficients between the traits and survival in bivariate sire models for Jersey breed

Trait Number of animals Mean =+ s.d. W +se (P +se) rp £ s.e. 7y £ 8.e.
(Number of records)

Milk yield (305-day) 52569 (210 645) 5180.02 + 1684.28 0.22 +0.01 (0.55 £ 0.01) 0.14 +0.01 0.60 + 0.04
Fat yield (305-day) 52569 (210 645) 256.74 + 83.88 0.17 +£0.01 (0.42 £ 0.01) 0.17 £0.01 0.73 +£0.04
Protein yield (305-day) 52569 (210 645) 194.94 + 64.39 0.18 £ 0.01 (0.43 £ 0.01) 0.18 +£0.01 0.72 £ 0.04
Foot angle 21191 4.6 £0.79 0.10 +0.02 0.00 +0.01 0.10 £ 0.11
Heel depth 1325 5.03 +1.02 0.20 +£0.10 -0.01 +0.04 0.03 +0.26
Rear legs — rear view 14918 6.06 = 1.37 0.08 £0.07 0.08 £ 0.01 0.41 £0.07
Rear legs — side view 24518 55+0.75 0.09 +0.02 0.00 +0.01 0.26 +£0.10
Bone quality 24516 6.78 + 0.86 0.21 +£0.03 0.04 +0.01 0.28 +0.08
Pin set 24518 5.22 +£0.93 0.27 +£0.03 0.02 +0.01 0.22 +0.07
Pin width 24515 533 +1.02 0.14 +£0.02 0.05 +0.01 0.25 +0.09
Rump length 22739 6.01 +0.88 0.15 +£0.02 0.06 +0.01 0.44 +0.08
Loin strength 24460 5.71 +£0.84 0.17 £ 0.02 0.05 +0.01 0.28 +0.08
Stature 24521 5.58 £1.22 0.33 +£0.03 0.07 +0.01 0.23 +0.07
Muzzle width 24510 5.62 +0.89 0.14 +£0.02 0.04 +0.01 0.21 +0.09
Chest width 24521 5.44 +0.94 0.16 +0.02 0.06 +0.01 0.20 £+ 0.09
Body depth 21190 6.12 +0.88 0.29 +0.03 0.07 +0.01 0.16 £ 0.08
Angularity 24521 6.33 +1.00 0.28 +0.03 0.09 +0.01 0.44 +0.07
Body length 22739 5.98 +0.93 0.25 +0.03 0.07 +0.01 0.42 +0.07
Udder depth 21192 458 +1.12 0.25 +0.03 0.02 +0.01 0.06 + 0.08
Udder texture 24522 6.29 +0.98 0.15£0.02 0.09 +0.01 0.54 +0.07
Median suspensory 24522 5.94 +£1.06 0.16 £ 0.02 0.08 £0.01 0.42 +0.08
Fore attachment 24518 5.69 + 1.15 0.24 +0.03 0.08 +0.01 0.29 +0.07
Front teat placement 24518 5.7+ 1.19 0.27 £ 0.03 0.07 £0.01 0.25 +0.07
Rear attachment height 24521 59+ 1.14 0.28 +0.03 0.10 + 0.01 0.49 + 0.06
Rear attachment width 24520 5.82 +1.06 0.18 +£0.02 0.09 +0.01 0.36 +0.08
Rear teat placement 14810 6.49 £0.93 0.25 £0.04 0.07 £0.01 0.44 £ 0.09
Teat length 21182 4.96 £ 0.76 0.25 +0.03 0.00 + 0.01 —-0.06 + 0.08
Front end height 274 5.75 £ 1.06 0.57£0.41 0.03 £0.07 -0.17 £ 0.39
Composite feet and legs 1325 11.37 £1.78 0.18 +0.09 0.03 +£0.04 0.25 +0.27
Composite rump 1325 10.97 £2.57 0.12 £ 0.07 0.04 + 0.04 0.36 +0.30
Composite dairy strength 1325 11.53 £1.73 0.59 £ 0.15 0.00 £ 0.04 -0.29 £ 0.18
Composite mammary system 20935 10.02 £2.23 0.21 £0.03 0.13 £0.01 0.43 +0.08
Composite overall type 23921 10.03 £2.24 0.19 +0.02 0.15+0.01 0.50 £ 0.07
Body condition score 2722 3.97+0.75 0.15 £ 0.08 0.04 £0.03 0.40 + 0.26
Fertility (trait deviation) 46443 —0.81 +28.20 0.08 +£0.01 -0.20 £ 0.01 —0.41 +£0.07

Table 3. The estimated heritability (and repeatability; diagonal) of the traits and the genetic correlation (upper triangular) and phenotypic
correlation (lower triangular) between them in multivariate model in Holstein
Values are estimates = s.e.
Trait Survival (trait deviation) Milk yield (305-day) Composite overall type Fertility (trait deviation)
Survival (trait deviation) 0.16 £ 0.01 0.18 £0.02 0.28 +0.03 —0.43 £0.02
Milk yield (305-day) 0.09 £0.01 0.17 = 0.01 (0.46 + 0.01) 0.35+0.03 0.57 £0.02
Composite overall type 0.10 £ 0.01 0.06 £ 0.01 0.18 £ 0.01 0.27 £0.03
Fertility (trait deviation) -0.18 £0.01 0.10 £ 0.01 0.02 +0.01 0.16 = 0.01

that largely influence survival (i.e. milk yield and functional
traits) to produce residual survival, which is easier to be
incorporated in the selection index as well (Byrne et al. 2016).

Survival can be considered as the same, or different traits,
over lactations. Workie ef al. (2021) showed that low production
and poor fertility were the major reasons for culling in the first
lactation, while mastitis was the main reason for culling of
old cows in Australia. Further, these authors reported that the

probability of culling cows due to infertility showed an
increasing trend over the years, whereas culling for low
production has reduced between 1995 and 2016. Accordingly,
it is expected that early survival (survival to second lactation) is
likely to be highly correlated with milk yield, some type traits and
fertility, and late survival (survival to later lactations) may
therefore be more correlated with mastitis resistance.
Therefore, the correlations between survival and other traits
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Table 4. The estimated heritability (and repeatability; diagonal) of the traits and the genetic correlation (upper triangular) and phenotypic

correlation (lower triangular) between them in multivariate model in Jersey

Values are estimates + s.e.

Trait Survival (trait deviation) Milk yield (305-day) Composite overall type Fertility (trait deviation)
Survival (trait deviation) 0.20 £ 0.02 0.59 £ 0.04 0.54 £ 0.06 —-0.34 +£0.07
Milk yield (305-day) 0.14 £0.01 0.23 + 0.02 (0.56 £ 0.02) 0.61 +0.06 0.23 £0.07
Composite overall type 0.15+0.01 0.12 £0.02 0.20 + 0.02 0.27 £0.09
Fertility (trait deviation) -0.19 £0.01 0.05+£0.01 0.01 £0.01 0.08 + 0.01
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Fig. 1. Accuracy of predictions for survival in Holstein and Jersey sires using univariate, bivariate and multivariate sire models.

The average accuracy of predictions for each group is given

could be different across lactations. This can be challenging to
address properly in the process of adjusting survival for
production and functional traits to calculate residual survival.
A practical solution for this problem could be defining two
survival traits, such as early and late survival.

To consider potential differences in survival across
lactations and years, Haile-Mariam and Pryce (2015)
assessed only the survival of cows from the first to second
lactation and estimated the A* and correlations between
survival and milk and conformation traits across years by
using linear random regression. As the total number of
completed lactations cannot be measured until culling, early
survival might be preferable instead of actual survival in
breeding programs because it can be measured sooner.
However, using information on early survival could be
more associated with voluntarily culling, such as culling on

at the top of the box plot.

milk production and type traits in some herds. Whereas,
late survival could be associated with the ability of cows to
avoid involuntary culling (Workie et al. 2021). In our study,
we assumed that survival was the same trait over lactations
and years because our aim was to find general predictor
traits that can be used to improve the accuracy of
predictions for the number of lactations that the cows could
last in the herd.

In general, the genetic correlations between survival and
functional traits in our study were in line with the
expectations and the previous reports (Zavadilova et al. 2011;
Sasaki 2013; Haile-Mariam and Pryce 2015). The strong
favourable correlation between milk traits and survival
could result from culling decisions, which were made
according to the productivity of cows, which is likely to be
especially important in the first parity. Moreover, farmers
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Fig. 2.

Accuracy of predictions for survival in Holstein and Jersey sires that had different number of daughters with survival

records. The average accuracy of predictions for each group is given at the top of the box plot.

tend to be less strict in culling the high-producing cows that
have poor conformation or fertility. The genetic correlation
between survival and milk traits in Jerseys was stronger than in
Holsteins. This could be associated with a higher probability
removing Jersey cow from the herd due to low milk yield. This
contrasts with higher involuntary culling rate in high-
producing Holstein cows (Haile-Mariam et al. 2003; Sasaki
2013; Workie et al. 2021). The favourable genetic correlations
between survival and mammary system traits could be due to
the association between these traits and milk production as
well as positive correlation with mastitis resistance
(Zavadilova et al. 2011).

In addition to composite mammary system, the other
composite conformation traits were favourably correlated
with survival, except dairy strength (composed of stature,
muzzle width, chest width, body depth, angularity, loin
strength and bone quality). The unfavourable correlation of
dairy strength with survival could be driven by the association
of type traits such as angularity, body depth, bone quality with
fertility (Haile-Mariam and Pryce 2015). This means that if
fertility is included as a predictor of survival, dairy strength
may not add further information, and so, may not help increase
accuracy of prediction of survival.

In the traits related to feet and legs composite, rear legs —
rear view had the strongest correlation with survival in both
Holstein and Jersey, which could be due its linear association
with locomotion problems as cows with hocked-in leg are

susceptible to become lame (Boettcher ef al. 1998; Zavadilova
et al. 2011). The correlation between rump traits and survival
could be related to the association between these traits
and calving difficulty and, consequently, longer calving
interval (i.e. poor fertility). In line with the expected
association between rump traits and involuntary culling,
Haile-Mariam and Pryce (2015) reported that the genetic
correlation between pin set and survival remained similar
(0.28-0.35 across different years) after adjusting the
survival phenotypes for milk yield. In Jerseys, the
moderately high correlation between body size (stature and
body length) and survival could be because breeders are
interested in increasing the body size of Jersey cows. Note,
the correlations of survival with body size associated traits in
Holsteins were close to zero.

The genetic correlations among the traits in our multi-trait
models showed that milk yield and overall type in Jersey and
fertility in Holstein had the strongest correlation with survival.
In Fig. 1, the average accuracy for survival was the highest in
Jerseys when milk yield was present in the prediction model.
Further, the genetic correlation between milk yield and
overall type was strong in Jerseys (0.61 + 0.06), which
could be the reason for the positive correlation we observed
between most of the conformation traits and survival in Jersey.
The antagonistic genetic correlations between survival and
fertility (measured as calving interval) as well as milk yield
and fertility were stronger in Holstein than in Jersey.
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Consequently, the high-producing Holstein cows may be more
prone to impaired fertility, which could increase the likelihood
of involuntary culling in Holstein. The previous studies also
found unfavourable genetic correlation between milk yield and
calving interval (0.18-0.58) in Australian Holstein (Haile-
Mariam et al. 2003; Haile-Mariam and Pryce 2015).
Moreover, fertility performance is directly associated with
cow survival, as poor fertility is one of the major causes of
culling, particularly in seasonal calving systems. Hence,
selection for cows that survive longer in a herd could result
in some improvements in herd fertility as well.

The accuracy of predictions for survival by adding
predictor traits improved in our study. However, there was
no extra benefit in including multiple predictor traits in the
model. Probably because the predictor traits in the multi-
variate models were highly correlated, or because we
disregarded variation in culling reasons across lactations
(Workie et al. 2021). Due to the large variation in annual
genetic gain for different traits, the correlation between
survival and other traits tends to change over years, which
could also explain the limited improvement in accuracy in
multi-trait compared with univariate models (Haile-Mariam
and Pryce 2015). However, we found that for the sires with a
limited number of daughters (i.e. young bulls), the predictor
traits were quite useful in improving the accuracy of
predictions for survival. Conceivably, random regression
models could be useful in genetic evaluations for survival
because they allow variances and covariances to vary over
time (Forabosco et al. 2009). Moreover, the survival data for
cows that are still in the herd (i.e. censored data) could be
suitably handled in random regression models (Haile-Mariam
and Pryce 2015). Hence, using predictor traits in random
regression models could be investigated in future studies for
the potential increase in accuracy and reduction of bias of
predictions for cow survival.

Currently, genetic evaluation for survival in Australian
dairy cattle is based on direct culling data (survival from
current lactation to the next lactation) and use of predictor
traits such as overall type, pin set, udder depth and likeability
(workability) trait for both Holstein and Jersey breeds
(DataGene 2021a). The results presented here suggest that
some of the predictor traits are more valuable for Jersey than
for Holstein. Furthermore, genetic prediction for survival is
currently a two-step process in Australia, where EBVs based
on indirect predictor traits are added to survival calculated
from direct culling data (DataGene 2021«). The potential to
use multi-trait models to calculate EBVs for survival by adding
predictor traits with direct culling data needs to be examined
to find out whether the accuracy of predicting survival,
particularly for bulls with no or small number of daughters,
can be improved.

Conclusions

Survival is a complex trait that is affected by the factors
associated with voluntary and involuntary culling.
Therefore, finding traits genetically correlated with survival
could improve our understanding of genetic components of
culling reasons. We found that fertility performance, milk
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yield and most of the conformation traits were favourably
correlated with survival. This could indicate that (1) survival
could be potentially improved by indirect selection for
conformation traits and (2) selection for increased herd life
could simultaneously improve milk production and fertility.
Using milk yield, overall type and fertility as predictor traits in
multivariate evaluation models, we could marginally improve
the accuracy of predictions for survival in both Holstein and
Jersey sires. As expected, the improvements were higher for
sires with fewer daughters, with little effect for sires with large
number of daughters. We found that some of the predictor
traits could be more valuable for Jerseys than Holstein.
Therefore, we recommend that traits such as body size
(stature and body length) to be considered for genetic
evaluation models of survival in the Jersey breed. We
expect that the accuracy of predictions for survival could be
further improved by using a random regression multi-trait
model, which could take the wvariation in correlation
between traits over years into account.
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