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Summary

The overall aim of this project was to determine factors affecting productivity in Norwegian
suckler herds by concentrating on four objectives: 1) to evaluate the usefulness of an
automatic activity monitoring system (AAMS) for oestrus detection in a Hereford herd; 2) to
evaluate the interval from detection of oestrus to ovulation; 3) to describe factors that affect
the birth weight of beef calves; and 4) to describe lifetime calf production in suckler cows in
terms of number of calves born. To achieve these four objectives, a field study of 40
Hereford cows and two database studies based on recordings of 20,000 dams and their
offspring, were performed.

AAMS and visual detection had sensitivities of 90% and 77%, and specificities of
100% and 89%, respectively, for detection of oestrous activity. Oestrus was detected on
average 23 and 21 hours before ovulation by the AAMS and visual detection, respectively.

Overall, calves born to heifers were heavier than calves born to cows. Male calves
were on average 2.3 kg heavier than female calves, and calves born in the spring were 0.5 kg
heavier than those born in the autumn. In general, beef cows in western Norway yielded
lighter calves than cows in other regions. However, approximately 40% of the variation
found in birth weights was caused by the random herd effect.

Median lifetime calf production in the study was two calves. A significant breed-
region interaction indicated that performance of the breed depended on their geographical
location, and both Limousin and Charolais had in general low lifetime calf production, but
particularly in the northern and western regions of Norway. Cows in herds larger than 30
cows produced 11% more calves in their lifetime than cows in smaller herds. Severe dystocia
resulted in 30% reduced lifetime calf production.

The results of this project indicate that Norwegian suckler herds have a large potential
to improve their productivity. Selecting a breed suited to a given region and production
system could potentially increase lifetime calf production. The use of artificial insemination
(Al to improve genetics is possible with an AAMS, but results may be improved if Al is
performed earlier in Hereford cattle than recommended for Norwegian Red cattle. The large
variations in output between farms, breeds and regions, suggest that advisory services have

the potential to increase productivity through improved management.
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Sammendrag

Det overordnede malet med prosjektet var a finne faktorer som pavirker produktiviteten i
norske ammekubesetninger ved hjelp av fire delmal; 1) vurdere nytten av en automatisk
aktivitetsmaler (AAMS) for brunstdeteksjon i en Hereford-besetning, 2) vurdere intervallet
fra pavisning av brunst til egglasning, 3) beskrive faktorer som pavirker fadselsvekter hos
kjottfe-kalver, og 4) beskrive faktorer som pavirker livstidsproduksjon til ammekyr, malt i
antall kalver fadt.

For a oppna delmalene ble det gjennomfart en feltstudie i en Herefordbesetning
bestaende av 40 kyr og kviger, samt to database-studier basert pa et datasett fra
Storfekjattkontrollen bestaende av ca. 20,000 kyr og deres avkom.

AAMS og standardisert visuell pavisning hadde henholdsvis en sensitivitet pa 90%
0g 77%, og en spesifisitet pa henholdsvis 100% og 89% for pavising av brunst.
Brunstaktivitet ble oppdaget i gjennomsnitt 23 og 21 timer fgr egglgsning av henholdsvis
AAMS og visuell pavisning av brunst.

Ved kalving var kalver fgdt av kviger tyngre enn kalver fagdt av kyr. Oksekalver var i
gjennomsnitt 2,3 kg tyngre enn kvigekalver, og kalver fadt pa varen var 0,5 kg tyngre enn
kalvene fgdt pa hgsten. Generelt var kalvene fgdt pa Vestlandet lettere ved fadsel enn kalver
fadt i andre regioner. Omtrent 40% av variasjonen i fadselsvekt ble funnet pa besetningsniva.
Median livstidsproduksjon for ammekyrne var to kalver, men varierte med rase og region.
Limousin og Charolais hadde spesielt lav produksjon i Nord-Norge og pa Vestlandet. Kyr i
besetninger med flere enn 30 mordyr produserte 11% flere kalver i lgpet av livet enn kyr i
mindre besetninger. Alvorlige fadselsvansker resulterte i 30% redusert livstidsproduksjon.

Resultatene i dette prosjektet antyder at norske ammekubesetninger har et stort
potensiale for & gke produktiviteten pa bade nasjonalt og regionalt niva, samt pa
besetningsniva. Valg av egnet rase for de forskjellige regioner og produksjonssystem kan
derfor potensielt gke gjennomsnittlig livstidsproduksjon for ammekyr. 1 tillegg kan gkt bruk
av inseminering (Al) ved hjelp av AAMS utnytte potensialet i genetikken, men Al ma utfares
tidligere hos Hereford-kyr enn hos NRF. Pa grunn av de store variasjonene i produksjonen pa
region, rase- og besetningsniva, kan en radgivningstjeneste pa besetnings- og regionalt niva
potensielt gkte produktiviteten i ammekubesetningene.

13
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Introduction

Thesis background

In Norway, there is political consensus on four goals for agriculture: a) good food safety and
supply, b) agriculture throughout the nation, ¢) improved agricultural economic output and d)
sustainable agriculture (Meld st.9, 2011-2012). Because Norwegian agriculture is mainly
suited to and used for forage-based animal production (Arnoldussen et al., 2014), something
that is expected to be enhanced by ongoing climate change (Seehusen, 2016), cattle will
continue to play a central role in Norwegian agriculture in the future.

During the past century, the Norwegian Red has been the dominant breed in
Norwegian dairy farming (Geno, 2016). The Norwegian Red is a dual-purpose breed, which
has been important for the supplementation of domestic production to meet the demand for
both meat and milk. Considering overall energy utilization of domestically produced fodder
and lowest possible emissions of greenhouse gases, combined milk and beef production is the
most efficient method of production (Hume et al., 2011; Ruud et al., 2013). However,
through professionalization of dairy farming over the past decades, milk production of
Norwegian cows has increased (Ruud et al., 2013). This has caused the number of dairy cows
to decrease considerably over the past 15 years because the Norwegian milk quota system
limits total milk production and the same volume of milk can be produced with fewer
animals. One result of this is that fewer animals are slaughtered. Consequently, the number
of suckler cows increased by 50%, from 46,000 to 69,000, in the period from 2002 to 2012,
and to almost 76,000 in the beginning of 2016 (Statistics Norway, 2016). Despite this
increase, it is estimated that 14,600 tons of beef meat will be imported to meet domestic
demand in 2016 (Nortura SA, 2016).

An important aspect of Norwegian farm animal production is the emphasis on
ensuring animal welfare and freedom from infectious diseases. Norwegian legislation has
superseded EU legislation, e.g. on restrictions on surgery and mandatory use of analgesics
(Cozzi et al., 2015; Ministry of Agriculture and Food, 2004), and livestock imports are
considered highly undesirable. Because live animal import is not desired, the use of semen

and embryos for genetic improvement and diversity is even more important. Furthermore,
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Norwegian agriculture is heavily subsidized. For a beef producer, subsidies typically account
for more than 60% of farm income (Aby et al., 2012). Direct subsidies, mostly independent
of production output, are estimated to account for 39% of income for a typically ‘heavy’ beef
breed herd and 45% for a typically ‘light” beef breed herd (Nortura SA, 2015). The subsidy
regimen might change in parallel with the changing economic situation, and future changes
to stimulate production efficiency have been recommended by the industry (Ruud et al.,
2013).

Specialized beef production is relatively new in Norway. Research on beef cattle
production has mostly been performed under conditions and circumstances that are not
directly comparable to those in Norway. Therefore, recommendations based on international
knowledge must be carefully evaluated before implementation. There is great diversity
within beef production in general, and producers adapt according to local conditions and
personal preferences. However, the production of animals for slaughter and the production of
replacement animals are important features of beef production worldwide. For the production
of animals for slaughter, optimum returns on slaughtered animals are achieved through the
most favourable combination of weight and carcass classification, which is realized through
effective utilization of financial input factors (e.g. workload) at high feed efficiency in the
animals (Ruud et al., 2013). For the production of replacement heifers, the animals should
have good genetic merit, good maternal characteristics and be ready to be bred from a
predefined point in time (Funston et al., 2004; Laster et al., 1973). For the production of
animals for replacement and slaughter, the output is the calves. Calf production efficiency
measurements are largely related to reproduction, which is the most important factor in the
suckler herds and a key driver of efficiency and profitability (Diskin et al., 2014; Prince et
al., 1987).

The Norwegian Beef Cattle Recording System

In a professional cattle production system, strict record-keeping is essential (Chenoweth,
2005b). The NBCRS is a national database for beef suckler herds run by the Norwegian Meat
and Poultry Research Centre, Animalia (Animalia, 2015b). The database was established in

1995 based on knowledge gained from 20 years of experience with the Norwegian Cattle
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Health Recording System for dairy cattle (steras et al., 2007). Producer membership in the
NBCRS is voluntary, but at the end of 2012, almost 75% (n = 50,893) of the Norwegian beef
suckler cow population (n = 67,542) was enrolled, representing 57% (n = 2,428) of
Norwegian beef herds (Animalia, 2013; Statistics Norway, 2016). The database fulfils all
criteria for mandatory reporting and regulations on traceability of beef and beef products,
beef production and the use of veterinary drugs (Animalia, 2015a).

The database can be used as a multilevel tool for beef production, and includes
information relevant to herd planning and management, information on genetics, livestock
sales and relocation, preventive health care and disease prevention. Information necessary for
general herd consultancy, research, statistics and forecasts can be displayed or printed as
needed. The detailed information available in the system has been gathered from all
databases related to the production, e.g. the abattoirs, the Norwegian Beef Breeders
Association?, the Portal for Reporting of Mandatory Health Data?, the GENO SA
insemination registry, and the National Livestock Register, in addition to the information
reported directly by the producers. Individual animal characteristics, calf weight at birth and
at 200 days (weaning), dystocia and prophylactic medications are examples of information
producers might report to the system. However, the degree to which this type of information

is reported varies highly among producers.
Beef production in Norway

Suckler cow population

The Norwegian suckler cow population (n = 67,542) accounted for 28% of the total cow
population in 2012 when this project began, and for 33% (n = 75,633) of the total cow
population in the beginning of 2016 (Statistics Norway, 2016). Beef cattle are currently
distributed on 5000 farms, most of which are family-run (Statistics Norway, 2016). The
number of cattle per herd has increased the past decade, from 10.3 suckler cows/herd in 2006
to 15.4 suckler cows/herd in 2016 (Statistics Norway, 2016). Herds with more than 20

LTYR, www.tyr.no/english
2 Dyrehelseportalen. Website for reporting mandatory data, e.g. drug treatments individual level.
http://www.dyrehelseportalen.no/dhp/index.aspx
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suckler cows now account for 24% of the 5000 herds (Statistics Norway, 2016). In 2014,
approximately 70% of the beef cattle population was localized in two regions, where the
largest herds were also found (Animalia, 2016). Of the suckler cows, 47% were located in
eastern Norway in the region surrounding Oslo, and about 21% were located in central
Norway (‘Midt-Norge’). The remaining 33% were located in south-western, southern,

western, and northern Norway.

Breeds

In the end of 2012, 50,893 beef cows are registered in the NBCRS, where 49% (n = 24,967)
are defined as cross breeds (Animalia, 2015a). The four most numerous beef breeds enrolled
in the NBCRS are two French breeds, Charolais (n = 6587) and Limousin (n = 3182), and
two British breeds, Hereford (n = 6198) and Aberdeen Angus (n = 3716). The fifth most
numerous breed is Simmental (n = 1258), which, along with the French breeds, is defined as
a continental breed. Examples of other less numerous breeds are Blonde d'Aquitaine,
Highland cattle, Belted Galloway and Tyrolese Grey cattle. The breeds have different desired
characteristics, which have been described by several authors in the US and Europe (Arango
et al., 2002a; Cundiff et al., 1993; Hampel, 2014; Martin et al., 1992; Roughsedge et al.,
2001). Favourable characteristics typically seen in the continental breeds are high daily
weight gain, good muscle to bone ratio, and good lean-to-fat ratio. Disadvantages of
continental breeds might be that they are late maturing, have low milk yield, and are more
prone to dystocia (Cundiff et al., 1993; Hampel, 2014). Positive characteristics of the British
breeds are early maturation, medium size, higher milk yield and good maternal abilities, easy
calving, and favourable hardiness and thriftiness. Disadvantages include lower weight gain
and a tendency towards excessive fat deposition (Cundiff et al., 1993; Martin et al., 1992;
Roughsedge et al., 2001). The continental breeds generally suit an intensive system with a
high proportion of energy from concentrates and lush lowland pasture, and have carcasses of
good quality with high return. Table 1 provides a comparison of traits by breed (Dufey,
2002). The above-mentioned continental breeds might sometimes be called ‘intensive’

breeds. The British breeds are, in general, more suited to an extensive system that is forage-
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based and that utilizes upland and marginal pastures (Dufey, 2002; Hampel, 2014).
Therefore, the British breeds are often called ‘extensive’ breeds.

Table 1. Breed characteristics of selected beef breeds in Norway (Dufey, 2002)

Breed | Ab. Angus/ _ _ _ _
Parameter Hereford Simmental Charolais Limousin
Feed intake capacity +++ ++ ++ ++
Growth rate +++ +++ +++ ++
Feed utilization 4 +++ +++ ++
Maturing +++ ++ ++ ++
Carcass yield + + ++ 4+
Meatiness +(+) +(+) +++ 44
Bone structure ++ ++ +++ ++
Meat/fat + +(+) ++ ++
Meat/bone +(+) + + ++
Hindquarter % + ++ o+ 4+

+++ = very good ++ = good + = poor

Beef production systems

In Norway, specialized beef production is mainly based on suckler cow herds. The herds are
all housed or sheltered in the winter and pastured in the summer. Both lowland and marginal
pasture are common. Regardless of region, during the housed period the nutrition of the
Norwegian suckler population is mainly based on grass fodder (Animalia, 2015a). The
calving period defines the herds as either spring- or autumn-calving. The majority of calves
are born in late winter/early spring (Animalia, 2015a) and the herds are therefore mostly
defined as spring-calving herds. The number of cows kept during the winter housing season
is most often adjusted in the autumn when the level of available forage for the indoor season
is known. In most suckler herds, one or more bulls are present in the herd. Stock bulls can be

purchased from the breeding organization, but buying local bulls, breeding bulls or
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exchanging bulls with other farms are all common practices. A bull is typically in service in a
herd for two seasons with the same females. Roughly 60% of the suckler cows are
crosshreeds. Crossbreeding is preferred to achieve heterosis® effect for desired traits (Ruud et
al., 2013). Purebred animals of the five most numerous beef breeds — Charolais, Hereford,
Aberdeen Angus, Limousin and Simmental — account for approximately 40% of the suckler
cows (Ruud et al., 2013). Based on 2428 suckler cow herds registered in the NBCRS in 2012,
the average herd has 21 suckler cows, an age at first calving of 27.4 months, and a calving
interval of 12.9 months (Animalia, 2013).

Of the animals for slaughter, 90% are reared on the farm of birth (Ruud et al., 2013).
Over the past decade, more finishing herds have emerged. These herds are often larger,
rearing more than 100 animals annually (2012) (Ruud et al., 2013). Norwegian Red calves,
which are considered good meat producers (Kirkland et al., 2007), account for approximately
70% of live calves marketed for beef production. Currently, most of the beef in Norway is
still produced by the breed Norwegian Red, approximately 75% of the dams are of this breed
(Ruud et al., 2013). However, Norwegian Red cows are primarily kept for milk production,

and is hence not handled as a suckler unit nor further discussed in this thesis.

Productivity measures in suckler herds

‘Effective’ cow/calf production is characterized by a restricted breeding season, a good heifer
replacement program, proper nutrition, good overall herd health, good record-keeping, and
an effective cross-breeding program (Chenoweth, 2005b). Front-end loaded herds, in which
the majority of the calves are born early in the calving season, are preferred (Larson et al.,
2016). Production efficiency in suckler herds depends on the successful rearing of calves for
slaughter and replacement and optimal lifetime calf production of each cow in the operation.
The following sections will outline some important productivity measures applied to

Norwegian suckler herds.

3 Heterosis is defined as the advantage in performance of crosshred animals above the mid-parent mean of the
two parent breeds (Simm, 1998b)
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Calving season

The majority of Norwegian suckler herds are spring calving, but the optimal season and time
within that season for calving should be determined for each farm. Housing facilities, pasture
resources, production targets and farm and breed characteristics should all be considered to
find best possible farm-specific period for calving (Cundiff et al., 1993; Larson et al., 2016).
Unlike spring calving, calving in the autumn requires a longer total housed period and
favours harvested forage over pasture (Matre, 2010). Pasture accounts for about 30% and
50% of annual nutrition intake for autumn- and spring-calving herds, respectively (Animalia,
2015a).The length of the breeding/calving season is important, and there are many benefits of
a restricted breeding and calving season, e.g. 6 to 10 weeks (Larson et al., 2016). One benefit
is healthier calves in herds with restricted calving season compared to herds with no set
breeding season (Larson et al., 2005). Another benefit is a uniform feeding strategy when all
pregnant females are in a similar stage of production. In Norwegian suckler herds, feed
accounts for approximately 70% of the variable cost of production depending on the
proportion of pasture (Nortura SA, 2012; Ruud et al., 2013). Thus, feeding efficiency has a

large impact on profitability.
Front-end loading

If following the front-end loading concept, 60% to 65% of the calves should be born within
the first 21 days of the calving season (Larson et al., 2016). For calves born early in the
calving season, the pressure of typical infectious diseases affecting calves is still low in the
herd (Larson et al., 2005). Calves born early in the calving season are larger at weaning,
which provides a larger heifer pool for selection based on genotype and phenotype traits
(Larson et al., 2016). A larger proportion of females can then be bred early in the following
breeding season, when bulls have been found to be most healthy (Ellis et al., 2005; Larson et
al., 2016). Therefore, a tight calving period enhances production efficiency and increases
profitability (Troxel et al., 2009). Additionally, first calvers are more difficult to rebreed

during the subsequent breeding season; thus, if heifers calve early in the calving season their
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chances of conceiving during the subsequent breeding season increases (Cushman et al.,
2013).

Age at first calving

Traditionally, cows in a suckler herd are supposed to have an average age at first calving of
two years. However, for late maturing breeds, producers might use other practices and might
intentionally have older heifers at first calving (Hampel, 2014). There are several economic
studies on age at first calving (Clark et al., 2005; Morris, 1980; Nunez-Dominguez et al.,
1991; Wathes et al., 2014), which suggest that calving at two years of age is more cost
effective than calving at three years of age (Nunez-Dominguez et al., 1991). Intentionally
prolonged time to breeding of heifers seems commonly practised for Limousin cattle in
Norway (Animalia, 2015a). Some producers use this strategy for other breeds as well, but

little is known in general about how age at first calving affects Norwegian beef production.

Calving interval

A suckler cow ideally gives birth to one calf annually; it is thus necessary for her to conceive
within 85 days post-partum. After returning to the oestrous cycle 35 to 70 days post-partum,
this leaves cows one to three oestrous cycles for the establishment of pregnancy (Caldow et
al., 2005; Chenoweth, 2005b; Larson et al., 2016). Primiparous cows have an even longer
anoestrous period of 80 to 100 days post-partum (Ciccioli et al., 2003; Larson et al., 2016).
This should be accounted for when breeding heifers to increase the chances of pregnancy of
the primiparous females during the subsequent breeding season. Because cows are expected
to have one calf annually, reducing the factors negatively influencing postnatal involution of
the uterus or somehow causing a delay in return to oestrus, e.g. dystocia, is of great
importance (Laster et al., 1973). Additionally, shortening the length of the calving season is
one of the most cost-effective practices that can be implemented by a suckler calf producer to
increase calf production (Deutscher et al., 1991; Troxel et al., 2009). However, a too-short
breeding season is found to decrease production due to lower pregnancy rate (Deutscher et
al., 1991).
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Longevity and lifetime calf production of female cattle

Longevity of female cattle can be defined in two ways, either as total duration of survival in
the herd or total length of production period in the herd (Arthur et al., 1993; Parish, 2010).
Lifetime calf production is defined as a function of cow survival x reproductive performance,
and survival x growth rate of the progeny (Cundiff et al., 1992). However, an alternative
when progeny growth rate is not known, is to use cow survival x reproductive performance.
In the US, the cost of raising replacement heifers has been calculated to break even
when a cow has produced three to five calves (Tozer et al., 2001). Another US study of
economic efficiency showed maximum return when the terminal age of cows was six to nine
years when calving as two-year-olds, and 8 to 9 years when age at first calving was three
years (Nunez-Dominguez et al., 1991). Further advantages of increased longevity in the herd
might be a need for fewer replacements, making more selective heifer replacement possible,
lower total energy requirements of females finished growing, reduced environmental output,
lower incidence of dystocia and heavier calves at weaning (Roberts et al., 2015). A
disadvantage might be loss of genetic gain due to prolonged generation interval (Parish,
2010). Norwegian beef production is heavily subsidized (Aby et al., 2012), but emphasis on
optimal lifetime production is necessary for the sustainability of the Norwegian beef
production industry in the future. Therefore, knowledge from abroad, where beef herds
traditionally have been less subsidized compared to the Norwegian production, might provide

useful information which can be extrapolated to Norwegian conditions.

Record keeping and targets in suckler herds

In order to measure and achieve an increase in herd output, herd production status has to be
established. Regular weighing and precise record-keeping are very important tasks that make
it possible to evaluate production efficiency and performance. With sufficient and reliable
record-keeping, each step in production in the herd can be evaluated separately, and
performance can be benchmarked before targets are set. From the record database, it should
be possible to generate printouts of a herd’s performance at any time, and the key results

should be presentable as annual reports. The NBCRS allows for this type of recording, but
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the extent to which producers record data varies considerably, and for many herds only
mandatory registrations and abattoir registrations are available. When necessary recordings
are kept, the production potential of the herd can be estimated, and the number of cattle that
can be fed during winter might be estimated in the autumn when quantity and quality of total
forage reserves are known. Targets can be set for most stages of production, and examples of

reproductive targets relevant to Norwegian conditions are given in Table 2.

Table 2. Example of measures of reproductive performance and targets in a suckler cow herd

relevant to Norwegian conditions.

Numerator Denominator Target

Actual age at first calving Desired age at first caving 1+0.1

Cows calving in first 21-day period Total cows calving > 65 per cent
Abortions Total females mated < 2 per cent
Heifers with dystocia Total heifers calving < 15 per cent
Cows with dystocia Total cows calving < 5 per cent
Perinatal losses Total females calving < 2 per cent
Weaned calves Total females mated 95 per cent
Replacement rate Total females mated 15 per cent

Adapted from Caldow et al., 2005

Cattle reproductive physiology

Time of onset of puberty varies between breeds, is a function of age and weight, and is
relatively resistant to interactions with other traits (Larson, 2005; Martin et al., 1992). The
early maturing breeds, such as Hereford and Aberdeen Angus, enter puberty at 12 to 14
months of age, and the later maturing breeds, like Charolais and Limousin, at 14 to 16
months of age (Diskin et al., 2014; Ferrell, 1982; Martin et al., 1992). After onset of puberty,
beef cattle are non-seasonal polyoestrous breeders, which means they have repeated
distribution of oestrous cycles throughout the year interrupted only by pregnancy or

pathology (Peter et al., 2009). An oestrous cycle typically lasts 18 to 23 days and has two or
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three follicular growth periods (> 95%) (Jaiswal et al., 2009). The first postnatal oestrous
cycle is an exception to this pattern, as it is often a short cycle lasting approximately 10 days
with only one follicular growth period (Crowe et al., 2014; Murphy et al., 1990; Odde et al.,
1980). The first postnatal ovulation is not preceded by signs of oestrus (Perry et al., 1991).
Factors causing this first exception are, among others, lack of pre-oestrus hormonal effect on
sex centres in the brain, ongoing replenishing of hormones in the anterior pituitary, and
hormone negative feedback mechanism initiated by the presence, recognition and suckling of
the dam’s own calf (Yavas et al., 2000). The hormonal processes controlling reproduction are
influenced by hormones involved in other processes of the body, e.g. hormones associated
with nutrition and metabolism (Chagas et al., 2007). Oestrus expression is influenced by
hormones released in response to stress and pain (Dobson et al., 2003), or the constant or
recurring presence of a bull in the herd (Azzam et al., 1991; Landaeta-Hernandez et al., 2004;
Miller et al., 2008).

Oestrous behaviour and time to ovulation

Oestrus is detected by the bull in a manner still not completely understood. Likely, signals
detectable by bulls are oestrus-related chemical signals in body fluids (Kiddy et al., 1984; Le
Danvic et al., 2015). Oestrus first occurs at puberty, although heifers might display non-
pubertal oestrous behaviour (Rutter et al., 1986). The duration of oestrus expression ranges
from 11 to 21 hours (Floyd et al., 2009; Hurnik et al., 1987; Jaiswal et al., 2009; Rae, 2002;
White et al., 2002; Wiltbank et al., 1967). However, there are factors that might affect
duration of oestrus. First oestrus after calving in beef cows (Angus x Hereford) has a shorter
duration of 5.6 = 1.2 hours (Ciccioli et al., 2003). Several factors are suggested to affect
duration of oestrus, including seasonal effects, climate, and environmental temperature
(Orihuela, 2000; Roelofs et al., 2010; White et al., 2002). The primary sign of oestrus is
standing to be mounted, whereas secondary signs include genital discharge of clear mucus,
mounting other cows, restlessness, swelling and reddening of vulva, and decreased feed
intake and milk yield (Diskin et al., 2000).

While the primary sign is commonly used to detect oestrus, it has its limitations.

Standing to be mounted is not expressed by all female cattle in oestrus, and this sign loses
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practicability with increasing herd size (Hockey et al., 2010; Hurnik et al., 1987). Oestrus
expression is also reported to vary individually depending on the number of animals in
oestrus at the same time, the parity of the cow or diseases (Floyd et al., 2009; Hall et al.,
1959; Morris et al., 2011; Roelofs et al., 2005a; Walker et al., 1996). Expression of oestrus is
controlled hormonally. High correlation between expression of oestrus and blood
concentration of oestradiol has been found (Lyimo et al., 2000; Roelofs et al., 2004).
However, expression of oestrus does not seem to be directly proportional to oestradiol
concentration. Rather, it seems oestradiol and progesterone play an all-or-nothing role in the
onset of display of oestrous behaviour, with individually varying intensity (Allrich, 1994).
Moreover, in order to perform Al at the right time, it is important to define time from
oestrous behaviour to ovulation. Studies are often not directly comparable because of the
different definitions used, e.g. time to ovulation from onset of oestrus, from onset of luteal
activity, from activity peak, or from standing for mounting (Roelofs et al., 2010).
Additionally, the expression of oestrus might differ between oestrous periods within the same
female and among females, because many factors are involved, such as social interactions,
management and environmental factors, nutrition, bio-stimulation, season, parity and
genetics (Chenoweth, 2005a; Orihuela, 2000; Roelofs et al., 2010; White et al., 2002). Stress
and temperature are known to have a considerable impact on the expression of oestrus
(Dobson et al., 2003; Hall et al., 1959).

Temporal pattern of progesterone concentration for oestrous cycle evaluation

Progesterone analysis is a useful tool to evaluate detection of oestrus, and concentration of
progesterone can be measured in both blood and milk. (Lesniewski et al., 1985; Roelofs et
al., 2010). Serum progesterone concentrations in cyclic female cattle directly reflects the
function of the corpus luteum (Peters, 1984). Thus, in prepubertal heifers, which have no
corpus luteum, circulating progesterone is steady at basal concentration. During oestrus,
plasma progesterone concentrations are below 1.0 ng/mL, averaging 0.4 ng/mL (Corah et al.,
1974). Between two oestrous periods, plasma progesterone concentrations are well above 1.0
ng/mL (above 2 ng/mL by the sixth day of the oestrous cycle), because of the rapid rise in

plasma progesterone caused by luteinization after ovulation (Corah et al., 1974; Stabenfeldt
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et al., 1969). If no pregnancy is established, prostaglandin F», of uterine origin causes

luteolysis by minimizing luteal blood support (Ginther, 1974). The consequence is a rapid
decline in blood progesterone concentration as the female approaches a new oestrus (Ginther,

1974; Knickerbocker et al., 1988). The temporal pattern of progesterone concentrations is

illustrated in Fig. 1. During pregnancy, plasma progesterone concentration remains elevated

until calving (Stabenfeldt et al., 1970). At calving, foetal induced prostaglandin production

causes maternal progesterone production to cease. Post-partum, in sexual

quiescence/anoestrus, progesterone stays at basal concentration until luteal activity resumes

(Agthe et al., 1975; Schallenberger et al., 1978). After calving, the time to resumption of
luteal activity depends on a number of factors, among others genetics and suckling by the

calf. For time from calving to onset of luteal activity in French Charolais, a heritability (h?)

of 0.12 was found (Mialon et al., 2000). Suckling has been found to prolong postnatal
anoestrus in beef cattle in US studies (Garcia-Winder et al., 1984; LaVoie et al., 1981).

However, in beef cows, the first ovulation commonly occurs 35 to 70 days post-partum, after

which plasma progesterone again rises due to luteinization (Larson et al., 2016; Murphy et
al., 1990; Yavas et al., 2000).

6

Ovulatory
Phase

Serum Progesterone
concentration (ng/mL)

—/

Non-ovulatory
Phase

Ovulatory
Phase

Non-ovulatory

Phase

N

0 5

10

15 20

Day of Study

25

30

35

Figure 1. Example of a temporal pattern of progesterone concentration in blood sampled thrice-

weekly for 5 weeks from a Hereford heifer (Figure drawn by ST Nelson)
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Artificial insemination

Replacement animals from Al are reported to account for less than 5% of the global beef
cattle population (Vishwanath, 2003). In closed herds, inbreeding might occur, and
inbreeding has been shown to have negative effects on survival, overall production and
perinatal mortality in beef cattle (MacNeil et al., 1989; Mc Parland et al., 2008). Al can be a
useful tool to avoid inbreeding, and to increase the rate of genetic improvement (Nicholas,
1996). Within the dairy industry, Al has been reported to be important for disease control,
genetic selection, and improved health, longevity and milk yield (Dransfield et al., 1998;
Heringstad et al.).

In the NBCRS in 2014, the proportion of suckler cows registered as having received
Al was 16% to 24% for the ‘intensive’ (continental) breeds, and 7% to 11% for the
‘extensive’ (British) ones (Animalia, 2015a). In comparison, the proportion of artificially
inseminated females among Norwegian dairy cattle is 85% (Geno, 2015b). One reason for
the lower uptake of Al in beef herds than dairy herds is that beef suckler cows are handled
less frequently than dairy cows, and suckler cow producers are often involved in other on- or
off-farm occupations. Another reason might be that dairy herds much more frequently have a
veterinarian for consultations, who, in many regions in Norway, also performs Al (66% of
first-time Al) (Geno, 2015a) on-farm.

A Canadian survey (Howard et al., 1995) found that beef farmers not using Al were
more commercially oriented, were more likely to have crossbreeding strategies and had
higher on- and off farm incomes, than those preferring Al to natural breeding. Breed,
temperament, calving ease and maternal ability were the top-ranked criteria of importance for
both Al users and non-users when selecting a breeding strategy, and the cost of Al or of a
bull was ranked as least important. Convenience and difficulty of heat detection were ranked
most important for using natural breeding (Howard et al., 1995). Technical aids for oestrus
detection seem important for future cattle breeding. Studies evaluating automatic activity
monitoring systems (AAMS) in beef herds are scarce, but such systems have been found to
be very beneficial in dairy herds (Kamphuis et al., 2012; Neves et al., 2015).
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Timing of insemination

The timing of Al relative to oestrus is important, and the ‘right’ time to perform Al is a
compromise between low fertilization rate and high embryo quality for early Al and high
fertilization rate and low embryo quality for late Al (Saacke et al., 2000). The optimal time
for Al in dairy cattle has been reported to be 5 to 17 hours after increase in oestrous activity,
and 2 to 14 hours after the commencement of standing to be mounted (Roelofs et al., 2006a),
or 6 to 24 hours before ovulation (Parkinson, 1996). Within dairy herds, the ‘AM-PM’ rule is
often used (Diskin et al., 2016; Rae, 2002). Following this rule, females in oestrus in the
morning (a.m.) are inseminated the following afternoon (p.m.) while females in oestrus in the
afternoon (p.m.) are inseminated the following morning (a.m.) (Dorsey et al., 2011; Graves et
al., 1997). Research on the use of Al in beef suckler herds primarily focuses on timed
artificial insemination (TAI) after an oestrus synchronisation protocol. The use of TAI
reduces the need for farmer observation in order to detect oestrus (Dutil et al., 1999; Lamb et
al., 2010). However, studies to determine optimal time of Al relative to naturally occurring
oestrus in beef cows are limited (Fields et al., 1975; Robbins et al., 1978).

Oestrus synchronisation and timed artificial insemination

Oestrus synchronisation in beef cattle can be used to increase the proportion of Al and to
shorten calving season in a herd (Larson et al., 2006). Different TAI protocols have been
developed that eliminate the need for oestrus detection (Larson et al., 2006). Currently, in
Norway, prostaglandins (Estrumat vet. and Dinolytic vet.), progestin (Relmont vet.) and the
gonadotropin releasing hormone (GnRH) analogue buserelin (Receptal vet.) are
commercially available for the regulation of oestrus in cattle and TAI (Anonymous, 2016b).
In a US study in which more than 2500 suckled beef cows from 7 different states were
oestrus synchronized and different TAI protocols were compared, the achieved proportion of
pregnancy was found to range between 37% and 67% (Larson et al., 2006).

Perhaps the single most commonly used protocol in Norway is single or double
injection of prostaglandin F2a, which is well-studied for its efficient, luteolytic property

(Lauderdale, 2001). GnRH regulates the blood concentrations of luteinizing hormone and

29



follicle stimulating hormone (Anonymous, 2016b). Additionally, GnRH can be used to
shorten postnatal anoestrus in beef cows (Stevenson, 2001). Progestins are progesterone
analogues that supress the release of GnRH and luteinizing hormone (Anonymous, 2016b).
Progestins can additionally be used to facilitate the induction of puberty in prepubertal or
peripubertal heifers (Patterson et al., 2013). Several protocols for the regulation of oestrus
have been evaluated and found useful (Bridges et al., 2014; Patterson et al., 2013; Sales et al.,
2011). However, during the development of Norwegian Red production, where emphasis has
been on good reproductive performance (Geno, 2016), the demand for regulation of oestrus
has been low. Therefore, the practices of oestrus synchronisation and TAI are limited in
Norway. Moreover, TAI is restricted in organic cattle production according to the regulations
for organic farming (EC No. 1804/1999), and there is little social acceptance of routine use
of hormone treatments among European consumers (Opsomer et al., 2006). Despite the
promising results found in studies of TAI (Bridges et al., 2014; Patterson et al., 2013; Sales et
al., 2011), blanket use of oestrus synchronisation or TAI currently seems unlikely to be
implemented in Norwegian beef herds.

Stock bulls vs. artificial insemination

There are advantages and disadvantages of using Al over natural mating in a herd. The cost
of keeping a bull, compared to the cost and income of an additional female, in terms of feed
and special housing facilities is an important factor to consider when comparing natural
service to Al. However, the economic calculations are highly herd-dependent.

The bulls selected for semen collection within the Al industry have been found to
have a superior genetic merit and overall reliability. Al provides access to elite genetics for
most sucker cow herds (French et al., 2013). This can be utilized to increase the rate of
genetic improvement, and it is possible to increase genetic diversity in the population with
fewer bulls in total (Nicholas, 1996). The semen collected from these bulls can be distributed
to many cows anywhere in the world, and frozen semen can be stored for many years.
Despite the fact that Al bulls in general undergo rigorous disease and genetic testing to avoid
spread, the impact of spread might be large due to easy distribution of semen and long shelf

life (Wentink et al., 2000). However, it is an advantage to use Al instead of natural mating to
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avoid spreading diseases and unfavourable genetic aberrations, even though genetic defects
have been spread through Al bulls in the past (Gentile et al., 2006). The time needed to detect
oestrus before Al is another disadvantage of that method.

Natural mating is easy for management purposes, and the presence of a herd bull has
been found to have a positive effect on fertility in bio-stimulations (Burns et al., 1992; Fiol et
al., 2016; Landaeta-Hernandez et al., 2004; Landaeta-Hernandez et al., 2013). A major
disadvantage of stock bulls is that they might fail to serve the herd, which has large negative
economic consequences if many cows are left open undetected until pregnancy check. It is
estimated that almost 25% of bulls are subfertile (Kennedy et al., 2002), and bull fertility is
often best in the first part of the breeding season (Larson et al., 2016). Even though these
studies were performed in the US, where different bull nutrition might affect testicular
function (Kastelic, 2014), bull fertility should also be examined under Norwegian conditions.
Natural mating could potentially be hazardous for the bull. Should injuries or infections
occur, these might permanently or temporarily impair semen quality or reduce libido, and
consequently negatively affect the probability of pregnancy or skew calving distribution
within the calving period in the herd (Ellis et al., 2005; Kennedy et al., 2002). Additionally,
the hazards of having a bull in the herd should also be considered, as eight fatal accidents
involving humans, mostly caused by bulls, were registered in Norwegian suckler herds in the
period 1997 to 2008 (Anonymous, 2010).

Sexed semen

The use of sexed semen has the potential to be beneficial in beef cattle herds (Seidel, 2014b).
Example scenarios include when heifers are replaced by their female calf, or when all cows
have terminal-cross bull calves for fattening to utilize the heterotic effect (Roughsedge et al.,
2001; Seidel, 2014a). The proportion of sexed semen is increasing in the Al doses used in
Norwegian beef cattle. When used, separated female (x) semen provides over 90% heifer
calves, whilst separated male (y) semen provides about 80% bull calves (Anonymous,
2016a). When using sexed semen, it has been recommended in the US that Al at expressed
oestrus should be preferred over TAI, and that females have expressed oestrus previously to

the oestrus where Al is performed (Hall et al., 2013).
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Diagnostic properties of oestrus detection

In herds where Al is performed, correctly identifying oestrus is of key importance for
reproductive efficiency, and sensitivity (Se) and specificity (Sp) of detection of oestrus are
important factors for success (Rorie et al., 2002). Se and Sp are based on a binary or binomial
classification test where the options in the case of oestrus detection might be defined as
‘outcome’ or ‘no outcome’. Se is the probability that a test will correctly detect and classify
‘outcome’ among all tested truly with outcome, and Sp is the probability that a test will
correctly classify ‘no outcome’ among all tested truly without outcome. Positive predictive
value (PPV) is the proportion of all tests classified with ‘outcome’ that truly had outcome,
and the negative predictive value (NPV) is the proportion classified ‘no outcome’ that truly
had none. The relationship between Se, Sp, PPV and NPV is illustrated in Fig. 2.

True status

Outcome No outcome
Test Classified ‘outcome’ a b a/(a+ b) = PPV
Status Classified ‘no outcome’ c d d/(c + d) = NPV

al(a+c)=Se d/(b +d)=Sp

Green = test classification in compliance with truth.

Red = test classification not in compliance with truth.

Figure 2. Performance of a binominal classification test to find sensitivity (Se), specificity
(Sp), positive predictive value (PPV) and negative predictive value (NPV) relative to the

true status (Figure drawn by ST Nelson).

When female cattle stand to be mounted, a high PPV, but low Se, is reported for visual
observation (Kiddy, 1977; Roelofs et al., 2010). The main reason for low Se is that oestrous

activity can be expressed at any time, and not necessarily at the times herdspersons are
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present (Roelofs et al., 2010). Additionally, not all females in a herd stand for mounting, and
some may only stand for a few mounts when no herdsperson is present, which makes their
oestrus less likely to be visually detected (Hurnik et al., 1987; Roelofs et al., 2010). The
amount of mounting behaviour during an oestrous period is also affected by many factors,
e.g. lameness, herd size, season, and housing (Roelofs et al., 2010). The number of herd
mates in pre-oestrus and oestrus at the same time is reported to affect oestrous behaviour in
dairy cattle (Hurnik et al., 1975). Hence, aids to continuous herd monitoring with high Se for
detection of oestrus are likely to be beneficial in suckler herds in which Al is performed.
Numerous reviews have been published on oestrus detection aids for dairy cattle, but
few for beef cattle (Diskin et al., 2000; Rao et al., 2013; Roelofs et al., 2015). However, for
beef cattle it was found that automatic systems for detection of oestrus had higher Se than,
but equal Sp to, visual observation (Landaeta-Hernandez et al., 2002). Five desired
requirements are stated for an oestrus detection aid: 1) 24/7 surveillance, 2) automatic
detection, 3) endurance of the system, 4) low labour requirements, and 5) high Se that
correlates with ovulation (Senger, 1994). There are many aids for the detection of oestrus on
the market today, and 31 of them were reviewed in 2013 (Rao et al., 2013). However, several
of these oestrus detection methods are not relevant for Norwegian herds or in conflict with
Norwegian legislation, e.g. the use of androgenized cows or surgery to prevent penile
intromission (Anonymous, 2006; 2009). Of the aids reviewed, those most likely to become
implemented in Norway are the technical devices. Objective monitoring of animals can
become very helpful in the future to assist herd management, and technical monitoring aids
have shown to perform better than or equal to timed Al programs in dairy herds (Neves et al.,
2015; Neves et al., 2012). Even though higher Se is reported for technical monitoring devices
than for visual detection of oestrus (Landaeta-Hernandez et al., 2002), the need for improved
Sp and PPV values has also been reported (Hockey et al., 2010). Additional monitoring of
changes in rumination activity at oestrus has shown promising results in a recently performed
study (Reith et al., 2014). One study reported that a mounting detection device gave lower
pregnancy rates than visual detection for heifers, but the authors suggested that a reason for
this result could be that they did not take into account the differences in time to ovulation

between the device used and visual detection (Rae et al., 1999). Examples of aids that might
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be useful and applicable in suckler herds are activity meters, mount detectors and continuous

temperature measurements.

Activity meters

Activity meters, including pedometers, are movement recorders attached to an animal’s neck
or leg by a collar. These meters sense and report the animal’s level of activity, which might
exceed three times its basic level of activity during oestrus (Kiddy, 1977; Reimers et al.,
1985). A system reporting activity continuously or in blocks to a central unit able to
visualize, notify or somehow inform about an individual animal’s current and historical
activity, is defined as an automatic activity monitoring system (AAMS) (Aungier et al.,
2015). The Se and PPV of such systems vary between studies, but Se has been reported as
being between 59% and 90% and PPV between 67% and 94% (Roelofs et al., 2015). New
technology makes it possible to take rumination into consideration as well, which further
increases the accuracy of oestrus prediction and detection of silent oestrus (Kamphuis et al.,
2012; Reith et al., 2014). The use of neck collars is already established in Norwegian cattle
herds for other purposes, such as for animal identification or for automatic concentrate feeder
tags, and thus neck collars are generally accepted by the stockpersons and tolerated by the
cows. The possibility of using neck collars for multiple purposes and the disadvantages of
leg-attached pedometers in straw bedding favour neck-attached pedometers in beef suckler
herds. A general disadvantage of activity meter and pedometer systems is the high cost of

investment.

Mount detectors

Mount detectors are pressure sensitive devices for detecting oestrus attached to the sacrum of
the cow to register specific sexual behaviour. When a female stands for mounting, the mount
detector is activated. Non-electronic variants are common and utilize colourful paint either
on the tail or sacral area (Diskin et al., 2014). Detectors functioning as ‘scratch cards’ when
attached to the female sacrum are also available (Holman et al., 2011). An advantage of these
aids is low investment cost. Disadvantages include increased handling of animals if the

females are not handled for other reasons, e.g. reproductive examination, and the fact that the
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detectors can be rubbed off or activated without mounting when cattle are housed indoors
(Diskin et al., 2014; Holman et al., 2011). Additionally, lower Se has been found for the
scratch card type detectors compared to other methods of detecting oestrus (Holman et al.,
2011).

Temperature measurements

During oestrous periods, the female experiences a progesterone-associated drop in body
temperature, but with a peak of elevated temperature coinciding with standing to be mounted
behaviour (Boehmer, 2012; Kyle et al., 1998). The decline in progesterone blood
concentration is suggested to be the cause of the drop in body temperature (Kyle et al., 1998;
Wrenn et al., 1958). The standing oestrus temperature increase is suggested to be caused by
elevated activity level, which is found to be greater among loose housed cattle than among
tethered cattle (Suthar et al., 2011). Radio-telemetered monitoring of vaginal or ear skin
temperature has been studied, and vaginal temperature had 81% Se and 69% PPV for
detection of oestrus (Redden et al., 1993; Roelofs et al., 2010). This system can also be used
in tie stalls because animals with restricted movement also have elevated temperature during
the standing to be mounted phase (Suthar et al., 2011). Automatic temperature registration
can be useful for monitoring other conditions that affect body temperature as well (Johnson
et al., 2016). However, vaginal or ear tag temperature measures are more invasive than the

other detection methods described.

Visual and auditory monitoring

To standardize visual observation and to diminish subjectivity, a 24-hour cumulative scoring
scale for visual evaluation of oestrous behaviour has been developed, shown in Table 3 (Van
Eerdenburg et al., 1996). However, visual detection is time-consuming and has disadvantages

such as lack of efficiency and accuracy (Diskin et al., 2014; 2016).

An existing, and common, method for monitoring suckler cows is by security camera, which
can also be used for detection of oestrous behaviour such as mounting activity or increased

oestrous activity. Because vocalisation is found to alter at oestrus, in addition to being a
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potentially useful indicator of cattle physiological and psychological functioning, the
possibility of recording and transferring sounds from the herd might make the camera an
even better tool for oestrus detection in beef herds of the size typically found in Norway
(Manteuffel et al., 2004; Schon et al., 2007). Nevertheless, cameras are often installed to
monitor calving. It is important not to compromise on monitoring of calving for oestrus
detection. Dystocia is a critical event, and early intervention is important for several reasons

including animal welfare, production efficiency and producer emotions.

Table 3. Standardized visual observation scoring scale of oestrous behaviour (Van Eerdenburg

et al., 1996).

Behaviour Scoring
scale
Mucous vaginal discharge 3
Cajoling 3
Restlessness 5
Being mounted, but not standing 10
Sniffing the vulva of other cow 10
Resting with chin on other cow 15
Mounting (or attempting) other cows 35
Mounting head side of other cow 45
Standing heat 100
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Dystocia in suckler cow herds

Dystocia is defined as difficult birth, but the diagnosis is applied with a high degree of
subjectivity (Noakes, 2009). Both cow and calf might suffer from stress and diseases
following dystocia (Dobson et al., 2001; Larson et al., 2005; Lombard et al., 2007), and in
severe cases it can be fatal for one or both of the animals involved. Hence, dystocia has a
large negative impact on animal welfare and production in the herd. Dystocia affects
reproduction (Diskin et al., 2014) and has been shown to significantly affect longevity and
consequently lifetime calf production of beef cows (Rogers et al., 2004; Szabo et al., 2009).
Dystocia also directly causes losses in production, and in 2012, dystocia was reported as the
main reason for emergency slaughtering of 470 heifers and young cows nationally (Animalia,
2015a). The most common cause of dystocia is foetal-maternal disproportion (Bellows, 1993;
Bellows et al., 2000; King et al., 1993; Nix et al., 1998). That means either the maternal
delivery channel is too small, or the foetus is too large or has an adverse conformation,
making it impossible to pass the maternal birth channel. A combination of both maternal and
foetal causes is especially a concern in calvings by females still in growth (Funnell et al.,
2016; Laster et al., 1973). In dairy cattle, the calf weight to cow weight ratio at birth had a
mean ratio of 6.9% (SD 1.2%), and the ratio of 7.2% gave the highest perinatal calf survival
rates (Johanson et al., 2003).

The production losses caused by dystocia include increased calf and/or dam mortality,
reduced reproductive performance in terms of delayed return to cyclicity and delayed onset
of luteal activity of the dam, decreased lifetime calf production, and increased incidence of
disease among the progeny (Lombard et al., 2007; Nix et al., 1998; Toombs et al., 1994;
Wittum et al., 1995; Zaborski et al., 2009).

Factors affecting birth weight

In the annual NBCRS report from 2014, the proportion of beef calf births reported to have
some or severe dystocia were 4.2% and 2.4%, respectively. There are several reasons why
producers may desire a heavy calf at birth. One reason is that birth weight is positively

correlated with growth traits, weaning, yearling and mature weight (Morrison et al., 1986).

37



Small calves might lack vigour and tolerance to cold stress and be unable to adapt to extra-
uterine life and its challenges (Carstens et al., 1987; Holland et al., 1992). Therefore, it is
desirable for calves to be large enough to be healthy and robust (Holland et al., 1992). Birth
weight depends on both genetic and environmental factors (Colburn et al., 1997; Holland et
al., 1992; Price et al., 1978). Environmental factors that might affect birth weight were
reviewed by Holland and Odde, 1992, and are presented in Table 4 (Holland et al., 1992;
Mee, 2008). However, the optimal birth size of a calf depends on maternal breed and parity,
and it is reported that the cause of dystocia is not birth weight per se, but the calf to cow
weight ratio (Berger et al., 1992; Johanson et al., 2003). Birth weight can be predicted by
expected progeny differences (EPD), which provide estimates of the genetic value of an
animal as a parent (Greiner, 2009; Sanderson, 2005). EPDs are calculated using complex
statistical equations and models, and depend on the heritability of the trait, correlations with
other traits included in the evaluation, number of records, relationships among animals with
records, and distribution of information across herds (Cundiff, 2010). An EPD is a
prediction, based on available data, of one-half the breeding value of an animal, which is
what the animal is expected to transmit to its future offspring (Cundiff, 2010). EPDs are used
to compare animals, and the difference in EPDs between two bulls of the same breed is a
prediction of the difference between the future performances of their progeny (Cundiff, 2010;
Holland et al., 1992). The sum of the EPDs, weighted by their economic values, might be
used to rank bulls using the best linear unbiased predictor of economic merit (BLUP)
(Cundiff, 2010).

Table 4. Factors affecting beef calf birth weight (Holland et al., 1992)

Genetic effects Environmental effects

Sire and dam Maternal body weight/size | Gestation length

Breed Dam age Dam nutrition

Heterosis Maternal ability Environmental temperature
Inbreeding Pregnancy site Season

Sex of calf Lactation status Altitude

Genetically anomaly and ) )
alformation Foetal number Geographic location
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Average maternal size within a breed is predictive of calf size. In general, dams of
large breeds give birth to calves that are heavier than calves born to dams of smaller breeds
(Andersen et al., 1965). In the US, the difference in birth weight between male and female
calves has been reported to be relatively constant between breeds at 5% to 8% (Holland et al.,
1992). These estimates are based on older studies, but guidelines for uniform beef
improvement programs currently use a standard difference between male and female calves
at birth in adjustment formulas of 2.3 kilos in favour of the male calf (Cundiff, 2010; Holland
et al., 1992). Birth weight had been found to be a more important variable for dystocia than
sex of the calf in US and Canadian studies (Bellows, 1993; McDermott et al., 1992).
However, a Swedish study including birth weights of Charolais and Hereford calves found
1.4 times higher dystocia in male calves than females (Eriksson et al., 2004).

Calves born in colder climates are heavier than calves born in warmer climates
(Colburn et al., 1997; Deutscher, 1999; Holland et al., 1992; Soren, 2012; Young, 1975).
Cold stress seems to affect cattle most in the autumn before the animals have adapted to a
colder environment (Gonyou et al., 1979), which likely coincides with the second trimester in
a large proportion of Norwegian beef cattle parities (Ruud et al., 2013). Environmental
factors are complex and interact with each other. Such interactions can be seen for nutrition
and temperature, which both affect growth hormone balance in cattle still in growth and
therefore indirectly affect foetal growth through blood thyroid hormone concentrations
(Christopherson et al., 1979; Johnson et al., 2015). Additionally, cold-stressed ruminants
have increased blood concentrations of fatty acids, amino acids and glucose (Soren, 2012).
Hence, altered heifer growth hormone balance and elevated nutrient concentrations in the
bloodstream might affect the foetuses of cold-stressed dams, compared to foetuses of dams
within their thermoneutral zone (Soren, 2012).

Spring calving beef heifers that are housed for their last trimester are found to give
heavier calves than the heifers not housed (Andreoli et al., 1988). Additionally, periods of
undernutrition or large changes in the energy content of the feed are found to give heavier
calves at birth than steady feeding (Clanton et al., 1983; Micke et al., 2010b).

In nutrient-restricted pregnant cattle, cotyledon size and placentome number and surface

increased (Taylor, 2015). Large nutritional and temperature changes might be experienced by
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cattle moved from poor late autumn pasture and challenging weather conditions to sheltered
housing and high quality fodder.

Heifers are especially likely to be affected by undernutrition, as they are still growing
(Arango et al., 2002b). Additionally, compensatory growth (Ryan et al., 1993; Yambayamba
et al., 1996) or an altered ratio of calf birth weight to heifer body weight might influence
foetal growth (Berry et al., 2007). Therefore, heifer rearing is one of the most important
factors influencing subsequent calving (Johnson et al., 2013; Norman et al., 2007). Moreover,
to avoid dystocia, the evaluation of reproductive soundness of heifers based on weight,
reproductive tract score, and pelvic area is very important (Larson et al., 2007). To achieve
desired heifer weight at breeding and birth in beef suckler cow herds it is important to
monitor and evaluate heifer growth by weighing the heifers, at approximately 200, 365, and
550 days of age. Because most Norwegian beef suckler herds calve in the spring, peaking in
March (Animalia, 2013; 2015a; 2016), weighing at these ages can help monitor performance
of the heifers from birth until weaning, post weaning and during their first pasturing period
weaned. When sufficient weighing is performed in the herd, the gathered data can be

evaluated for improvements, and eventual corrections might subsequently be implemented.
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Knowledge gaps

Specialized beef production is a relatively new enterprise in Norway, and those involved in
this enterprise, including specialized beef producers, their veterinarians and advisors, have
limited experience with this form of production. Additionally, during the past few years, it
has become clear that factors affecting productivity in beef production in Norway are not
fully understood. Lifetime calf production of beef females is known to be an important factor
for net income in beef suckler herds, but factors influencing lifetime calf production in
Norwegian beef herds are not sufficiently known. Calf birth weights are reported to affect
both rate of dystocia and lifetime calf production, but little is known of factors affecting calf
birth weights in Norwegian suckler herds. Calf birth weights have high heritability and can
be altered by Al. In addition, Al can enhance overall genetic merit in the rapidly expanding
beef cattle population because live animal import is undesirable. However, as labour costs in
Norway are high, efficient ways of monitoring oestrus in beef herds and knowledge of when
to perform Al have to be found. It is known from the dairy industry that AAMS increases the
probability of pregnancy by Al, but knowledge about the efficiency of such systems in beef
herds, in terms of Se, Sp, PPV and NPV, is lacking. Furthermore, there is little scientific
consensus on when to perform Al relative to detection of oestrus by either AAMS or visual
observation in housed beef herds. Beef production yields marginal profits, and the proof of

the usefulness of AAMS is important in order to justify investment costs.
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Aim of the Study

The overall aim of this thesis was to identify factors affecting productivity in Norwegian
suckler herds, with emphasis on detection of oestrus to increase the use of Al, calf birth
weight for optimal performance of both dam and calf, and lifetime calf production for
increased production. The overall aim was approached by pursuing the following specific

objectives:

. Evaluate the usefulness of an automatic activity monitoring system in a beef herd

through a diagnostic test evaluation (Paper I)

. Estimate the time from oestrus to ovulation for both AAMS and visual detection in a
Hereford beef herd (Paper I)
. Describe birth weights and factors affecting birth weights of Norwegian beef calves

through available register data (Paper II)
. Describe the lifetime calf production and factors affecting the lifetime calf production

of Norwegian beef suckler cows in terms of total number of calves born (Paper I11)
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Material and Methods

Study design and data recording

The data investigated in this project were obtained from a field study (Paper 1) and from the
NBCRS (Paper Il and Paper I11). The study samples, source, study types and statistical

method for each objective are summarized and presented in Table 6.

Field study (Paper I)

A field study was performed at Gotala Beef and Lamb Research Centre, Sweden, during five
weeks in June and July, 2015. The study population consisted of 40 Hereford suckler
females, of which 24 had a calf at foot and 15 were heifers. The prospective cohort study
performed was based on thrice-daily standardized visual detection of oestrus and continuous
AAMS recorded activity. The AAMS continuously recorded the activity of each female in
the herd, and the level of activity was calculated using a proprietary matrix every second
hour. Figure 3 shows an example of an activity curve and a rumination curve for a cow,
obtained from AAMS software. An almost simultaneous increase in activity and decrease in
rumination on two occasions indicate two oestrous periods for this particular cow. When a
female was classified as in oestrus by visual or AAMS detection, transrectal ultrasound
scanning was performed every 8 hours until ovulation, defined as the disappearance of the
dominant follicle. During the study period, a total of 15 blood samples were taken from each
female and analysed for serum progesterone concentrations (n = 570). A diagnostic test
approach was used to evaluate the ability of AAMS and visual assessment to detect oestrus
(Dohoo, 2009b). Individual serum progesterone concentrations defined the gold standard of
ovulatory and non-ovulatory phases (Fig. 3). The relationship between visual or AAMS

detection of oestrus and ovulation was explored using survival analysis.
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Figure 3. Example of an activity curve for a cow monitored with an AAMS (screenshot from
Heatime®), where two oestrous periods are indicated with red arrow (Figure made by ST Nelson).

Dataset, Paper |

a) Evaluation of diagnostic properties of AAMS and visual observation of oestrus: For the

test evaluation, the study sample consisted of 38 Hereford females, including 14 heifers and
24 multiparous cows. One cow was excluded due to calving at study start and a heifer was
excluded because of freemartin syndrome. No primiparous females were present in the herd.

b) Time from onset of oestrus to ovulation: The survival analysis comparing time from onset

of oestrus to ovulation for heifers and cows was performed on a subsample of 29 females,
including 10 heifers and 19 multiparous cows. Those females excluded from the subsample
did not express signs of oestrus during the study, and it was not possible to assess the time
from oestrus to ovulation in these cows. The females included in the subsample expressed a
total of 49 oestrous periods. Oestrous periods confirmed with both ovulation and low serum

progesterone were included in the estimations.
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Sampling and laboratory examinations

Fifteen serum samples were taken from each animal for progesterone analysis by competitive
ELISA (enzyme-linked immunosorbent assay) (Voller et al., 1978). The degree of colouring
of the sample was read by an absorbance plate reader along with a set of standards for
quantification. The standards and samples were run in duplicate. Intra-assay precision
(coefficient of variation) was 9.6% and the inter-assay coefficient of variation was 6.6%,
according to the producer (Ridgeway Science, Gloucester, UK).

Statistical analysis

For the diagnostic test evaluation, the Se, Sp, PPV and NPV of two methods for detection of
oestrus were calculated against the gold standard layout (Dohoo, 2009b). Gold standard was
defined by temporal patterns of serum progesterone concentration. The relationship between
time of ovulation and oestrus was explored using survival analysis. Ovulation was defined as
the ‘event’, and the time from either AAMS alarm or visual observation of oestrus to event
was set as ‘survival time’. Overall survival time to ovulation was estimated for each test
using the Kaplan—Meier method (Dohoo, 2009b).

Database studies (Paper Il and Paper I11)

Data for Paper 11 and Paper 111 were extracted from the NBCRS. Data were obtained on all
cows slaughtered between 2010 and 2013, along with all available data on their progeny.
Information on 20,541 cows and 62,813 calves was initially retrieved.

The cows and their progeny are uniquely identified in the system through both a
unique database 1D number and a 12-digit ID number which consists of eight digits for herd
(composed of numbers for county, municipality and herd), and a four-digit individual number
within the herd. Descriptive statistics were performed as background information for the

statistical inference.

45



Dataset, Paper 1l

The study sample consisted of 29,294 calves registered with the outcome variable birth

weight. These calves were born to 9,903 dams. Of the calves, 8,738 were registered as a

firstborn calf to a heifer. Explanatory variables are shown in Table 5.

Table 5. List of variables in the NBCRS extracted for the raw dataset used in the

database studies.

Maternal variables

Progeny variables

Cow unique ID in database
Herd number

Individual number in herd
Cow date of birth

Cow date of slaughter
Calving number

Cow breed

Cow weight at slaughter

Progeny unique ID in database
Herd of birth

Individual number in herd

Sex

Birth date

Weight at birth

Weight at 200 days of age
Twinning

Calving difficulties (diagnosis)
Calving difficulties (degree of)
Breed of progeny

Dataset, Paper Il1

The study sample consisted of 16,917 cows (1858 herds), which gave birth to 50,578 calves

in total, of which 1076 were twins. Only cows recorded to be between 1.5 and 3.5 years old

at first calving were included. The outcome variable was total number of calves born to each

cow, and explanatory variables were region, herd size, breed, age at first calving, calving

ease, calving interval, and twinning.
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Model building strategy, Paper Il and Paper il

The model building strategy was similar for both database studies. A linear (Paper 1) and a
Poisson (Paper 111) regression were used to test univariable relationships between each of the
explanatory variables and the outcome. Variables associated with the outcome with a P-value
< 0.2 were selected for the multivariable regression models. Two multilevel regression
models were built for each paper, one of which included all cows in the study. For each
paper, a second model was included: a) in Paper 11, a model exclusively for first calvers, and
b) in Paper 111, a model encompassing calving intervals for multiparous cows.

Herd and cow random effect(s) were used to account for lack of independence
between offspring within cows and cows within herds in Paper 11, and for the effect of herd
in Paper 111. Biologically plausible interaction effects between statistically significant
explanatory variables were tested by adding interaction terms to the main effects model.

For the linear regression (Paper 1), the assumption of normally distributed residuals
was investigated using a normal quantile plot of standardized residuals at all levels of the
model in question. The final model raw and standardized residuals were plotted against
predicted values at all levels of the model in question to check for heteroscedasticity, as well
as for potential outliers. The amount of variation present at each level in the hierarchical
models (calving/cow/herd) was calculated.

In Paper 11, incidence rate ratio (IRR) was calculated for all combinations of breed
and region of Norway based on results from the multivariable model including the interaction
term. The amount of unexplained variance at herd and cow level was calculated for all
combinations of predictor variables using the exact formula described by Dohoo et al.
(Dohoo, 2009a).
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Table 6. Source of data, study sample, outcome variable and statistical methods for each

objective of the thesis.

Objective . Outcome Statistical
(Paper) Source  Subject n Type of study variable method
Cows: 38 Diagnostic test Gold
1(1) Field trial Oestrous 5, evaluation Oestrus +/-  standard
periods layout
: . Cows: 29  Prospective Ovulation  Survival
2() Rleldtrial o ulations: 52 cohort +/- analysis
Cows: 9,903 : Birth Linear
* -
3UD - NBORS™ e 20004 CTOSSECNOMAloight  regression
Cows: 17,863 Retrospective Poisson
*
4.(l NBCRS Calves: 54,415 cohort n of calves regression

* Norwegian beef cattle recording system
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Main Results

Field study (Paper I)

Among the 38 eligible females, 111 ovarian phases were identified by analysing the temporal
pattern of serum progesterone concentrations over the study period, of which 48 were defined
as ovulatory. Transrectal ultrasonography indicated ovulation on 52 occasions. Of these, two
oestrous periods were omitted from the estimations because the disappearance of the
ovulatory follicle was not clearly identified, despite the temporal pattern of progesterone

concentrations indicating that ovulation had occurred.

Oestrus detection

Systematic visual observation detected 36 and AAMS detected 43 oestrus periods. The
disappearance of an ovulatory follicle coincided with 49 detected oestrous periods, 39 of
these after visual detection and 49 after AAMS detection of oestrus. Evaluated separately,
thrice-daily visual detection of oestrus had a sensitivity of 77% (95% confidence interval
[C1] 62% to 88%) and a specificity of 89% (95% CI 79% to 95%), whereas the AAMS had a
sensitivity of 90% (95% CI 77% to 97%) and a specificity of 100% (95% CI 94% to 100%)
for identifying oestrus. No incorrect reports of oestrus were made by the AAMS. Hence, the
PPV for the AAMS was 100% (NPV 93%). However, some oestrous periods were recorded
in non-ovulatory cows based on standardized visual detection, which gave a PPV of 84%
(NPV 84%). Combining both thrice-daily visual observation and AAMS, the sensitivity was
96% (95% CI 86% to 99%) and the specificity was 90% (95% CI1 80% to 96%) for
identifying oestrus, while the PPV and NPV were 88% and 97%, respectively.

Time to ovulation

Calculation of time from oestrus to ovulation was based on 40 visual observations
and 50 AAMS-detected oestrus events. However, one oestrus period not correctly followed
up was censored 17 hours into the investigation.

The median time to ovulation from detection of oestrus was 21 hours for standardized
visual detection, 28 hours (IQR 13 to 29 hours) for heifers and 21 hours (IQR 13 to 29 hours)
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for cows. For AAMS alarm, time to ovulation from detection of oestrus was 23 hours (25
hours for heifers and 23 hours for cows, with an IQR from 11 to 29 hours and 19 to 25 hours,
respectively). The log-rank test indicated the oestrus to ovulation interval did not vary
between heifers and cows (visually detected P = 0.89; AAMS detected P = 0.68).

Database studies (Paper Il and Paper I11)

Birth weights (Paper 1)

The descriptive investigation of available birth weight data showed that the mean birth
weight of calves born to slaughtered cows was 43.5 kg, but, depending on breed, ranged from
40.4 kg for Aberdeen Angus to 45.6 kg for both Charolais and Simmental. The female calves
were on average 2.3 kg (P < 0.001) lighter at birth than male calves. Calves born of first-calf
heifers were estimated to be 0.4, 0.6 and 0.3 kg heavier than calves born to 2", 3 and 4%
parities, respectively (P < 0.001). Calves born in the autumn were on average 0.5 kg (P <
0.001) lighter than spring-born calves. A significant interaction term was found between
breed and age at first calving. Heifers calving for the first time before 2.5 years of age gave
birth to heavier calves than heifers calving older than 2.5 years of age, but the effect differed
by breed, and for NRF, weights were the same regardless of calving age. Furthermore, a
significant interaction term was found between breed and region of Norway, which means
the effect of cow breed on calf birth weights was dependent on the geographical location.
Calves born in central Norway (‘Midt-Norge”) were the heaviest, while calves born in
western Norway were lighter than equivalent calves born in all other regions. Charolais had
the heaviest calves in all regions except western Norway, where the calves born to Hereford
dams were the heaviest. Of the unexplained variation in birth weights, 40% was found at
herd level while 11% was found at cow level. In a model including heifers only, the herd

random effect accounted for 37% of the unexplained variation in birth weights.

Lifetime calf production (Paper Il1)

In the study sample, mean and median herd size were 24 and 19 suckler cows (IQR 12 to 31),

respectively. The median cow age at slaughter was 3.8 years (min 1.5, max 17). The British
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breeds Hereford and Angus both had a mean lifetime calf production of three calves/cow, but
overall median lifetime calf production across breeds was two calves/cow. Approximately
55% of the cows produced fewer than three calves, and if severe dystocia at first calving was
experienced, the lifetime calf production was decreased by 30%, incidence rate ratio (IRR)
0.70 (95% CI 0.66-0.75). Heifers calving for the first time at a younger age than 2.5 years
had an odds ratio of 2.0 for dystocia in the univariate analyses of Paper 111, but no significant
difference was found for lifetime calf production in the multivariate analyses. A significant
interaction term was present between breed and region of Norway, i.e. the effect of cow
breed on lifetime calf production was dependent on the geographical location. Lifetime calf
production per cow was highest in coastal parts of eastern Norway for all breeds except
Simmental. Limousin cows had the lowest lifetime calf production, irrespective of region,
whereas Charolais cows had the second lowest in all areas except the costal southeast region.
Both Limousin and Charolais had particularly low production in the northern and western
regions. Cows that had lived in herds larger than 30 cows produced 11% more calves in their
lifetime compared to cows in smaller herds (P < 0.001). For lifetime calf production, the herd
random effect was highly significant and the amount of unexplained variation at the herd
level in small herds (< 30 cows) ranged from 23% for Limousin in northern Norway to 29%
for Charolais in the inland southeast. For large herds (> 30 cows), the amount of unexplained
herd-level variation ranged from 51% for Limousin in northern Norway to 58% for Charolais

in the inland southeast.

51



Discussion

Field study (Paper I)

Oestrus detection

The Se and Sp for both the AAMS and standardized visual detection in Paper | were
similar to or higher than those found in equivalent studies in both beef and dairy cattle (Rae,
2002; Roelofs et al., 2015; Rorie et al., 2002; Wojcik et al., 2015). The improved oestrus
detection in the present study compared to previous studies in dairy cattle might also be due
to a tight calving pattern in our experimental herd. A tight calving pattern results in more
females being in oestrus at the same time, which increases the expression of oestrus as
sexually active groups form (Roelofs et al., 2005a). Additionally, the number of females in
anoestrus in the current study might have slightly inflated the Sp and PPV for both visual
detection and AAMS, although slightly lower Sp and PPV would not be considered to be a
major threat to the usefulness of the AAMS. Similar conditions to those in the investigated
herd would commonly be found in other beef herds as well. Another reason for the improved
results in this study compared to studies performed with dairy cattle might be that the
expression of oestrus has been weaker in dairy cattle in recent decades due to factors such as
genetics and metabolic stress (Dobson et al., 2008).

Based on the presented results, it can be concluded that the AAMS was very useful
for detecting oestrus in the studied Hereford herd. The AAMS detected more oestrous
periods and had a higher PPV compared to visual detection. Therefore, under Norwegian
conditions, producers should consider investing in such a system if they intend to use Al in
beef suckler herds. By combining both methods, Se was enhanced compared to either method
alone, but Sp was decreased compared to AAMS only. In the practical life of the producer,
an improved Se is more important than a decrease in Sp, because most animals are checked
again at Al and rejected if not in oestrus. A combination of both methods might be useful
during the first weeks of the breeding season to increase the number of cows inseminated by
Al in this period. However, it is important of consider that the quality of visual detection of
oestrus performed in the study probably was higher than what is achievable under
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commercial conditions, as the procedure was carried out systematically at regular intervals
by trained personnel. This might be the reason why the reported disadvantages of visual
oestrus detection, such as low Se and low PPV (Diskin et al., 2014; 2016), were minimized in
this study.

A limitation of the performed study (Paper 1) is the lack of primiparous animals in the
herd, because their postpartum return to luteal activity and postpartum expression of oestrus
differs compared to multiparous animals (Larson et al., 2016; Reith et al., 2014). Thus, it
remains unknown whether primiparous females could have affected Se and Sp in the herd
during the study period. Additionally, when comparing present and earlier studies, it is
important to consider that technology and software have been under continuous development,
which might account for improved efficiency and accuracy in current AAMS as compared to
studies performed only a decade ago.

Furthermore, the AAMS had a high Sp (100%) and NPV (93%), and can effectively
be used to identify anoestrus cows (Fig. 3). When identified, these females can then be
clinically examined and potentially treated to prevent premature culling due to reproductive
failure, or culled if necessary. The results obtained in the performed study indicate that the
usefulness of an AAMS in beef cattle is at similar level as for dairy cattle. Sufficient
detection of females actually in oestrus and few incorrect detections of those not in oestrus
are important for user satisfaction. The good performance of the AAMS means that it can
potentially be employed to increase the use of Al in beef production and thus increase overall
productivity in the herds (Bennett et al., 1996). In the investigated herd, the results indicate
that AAMS might perform at a level beneficial for herd lifetime production as it could help
the producer achieve a restricted breeding season and front-end loading (Larson et al., 2016).
However, the level of success would depend, among other things, on adequate birth weight

of the calves to avoid delayed onset of luteal activity.

Time to ovulation

In the current study, no statistically significant difference was found between heifers
and cows for time from detection of oestrus to ovulation, either with AAMS or with

standardized visual detection. However, the time from oestrus detection to ovulation
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observed in this study is in contrast to other studies of beef cows, where mean time from
onset of oestrus to ovulation is approximately 31 hours (White et al., 2002; Yelich et al.,
1995). However, these studies were performed under different conditions than the current
study, and with genetically different animals, and their estimations might also be correct
under their specific conditions. Additionally, when comparing studies of the interval between
oestrus detection and ovulation in cattle, it is important to be aware that there is a variety of
different strategies for detection of oestrus, which might complicate comparisons of these
studies (Roelofs et al., 2010). In the performed study, the interval between AAMS detection
of oestrus and ovulation is based on oestrous activity above a defined threshold value, which
causes the interval between detection of oestrus and ovulation to appear shorter than in
studies presenting results from onset of oestrus to ovulation. However, time from
standardized visual detection of oestrus to ovulation was also shorter for this Hereford herd
than what has been found for dairy cattle (Roelofs et al., 2005b).

According to the results in the performed study, the optimum interval for Al to be
performed in Hereford cattle after detection of oestrus by AAMS or standardized visual
detection of oestrus might be shorter than the 12 hours commonly used (‘AM-PM’ rule)
(Diskin et al., 2016). Therefore, the present findings indicate that it is reasonable to question
whether this rule is applicable to beef cattle rearing under similar conditions as in the studied
Herford herd. A definite recommendation of the optimum time for Al in Hereford cattle
under the conditions of the current study should therefore perhaps not be made without first
conducting a study of confirmed pregnancy by Al at differing time intervals relative to
oestrus and ovulation. Unfortunately, performing Al and confirming pregnancy was not
possible within the timeframe of the current study.

The investment costs of installing an AAMS requires acceptable pregnancy results
when performing Al in beef herds to provide an economic return. The new information found
in this study might increase the success of performing Al in Hereford cattle, and possibly in
other beef breeds, after detection of oestrus using a standardized visual approach or by
AAMS. Initially, it might be necessary to make adjustments to the timing of Al after AAMS
detection in individual herds according to the results. Large variations in both birth weight

(Paper I1) and lifetime production (Paper I11) were found at the herd level, which includes
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paternal genetics. Therefore, the results of this project might be important for improving herd

efficiency, which includes a restricted breeding season and the use of Al.

Database studies (Paper Il and Paper I11)

Birth weights (Paper 11)

The descriptive results of the investigation of birth weight were in agreement with other
studies, even though mean birth weight across breeds was found to be in the upper range of
commonly reported birth weights for beef calves (Cundiff et al., 1993; Eriksson et al., 2004,
Hampel, 2014; Johanson et al., 2003; Olson et al., 1991). The high birth weights might be an
effect of these cows residing in colder regions rather than in more temperate zones, which
has previously been reported to increase calf birth weights (Colburn et al., 1997; Deutscher,
1999; Holland et al., 1992; Soren, 2012; Young, 1975). Similarly, in the US, birth weights of
calves of comparable genotype have been found to be lighter in warmer conditions in the
south than in the colder conditions in the north (Burns et al., 1979; Olson et al., 1991). In the
current study, the lightest birth weights are found in the mildest region and the heaviest birth
weights in the region with the most challenging weather.

The difference between male and female calves was found to be consistent with
previously reported values from beef cattle in Sweden (Eriksson et al., 2004) and in the US
(Bourdon et al., 1982; Holland et al., 1992). Moreover, most studies of seasonal effects on
birth weight are in agreement with the current study that spring calves are heavier (Cundiff,
2010; Johanson et al., 2003), although contradictory findings have been reported (Durunna et
al., 2014; Holland et al., 1992). However, the high birth weight of calves born to heifers
contrasts with the findings of most other studies, where calf birth weights are reported to
increase with increasing parity (Colburn et al., 1997; Cundiff, 2010; Cundiff et al., 1992;
Holland et al., 1992; Johanson et al., 2003).

Both productivity of suckler cow production and animal welfare are known to be
substantially affected by calf birth weight, as high birth weight increases the incidence of
dystocia (Bellows, 1993; Berger et al., 1992; Johanson et al., 2003; Rogers et al., 2004;

Szabo et al., 2009). The relationship between birth weight and lifetime production is linked
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through dystocia, and an effect of dystocia on lifetime production described in the literature
was found in the current study (Paper I11). The relationship between birth weight and
dystocia is well described in the literature, and further investigation of the effect of birth
weight on dystocia was beyond the scope of this study.

The large herd effect found for birth weight might involve paternal genetics, which
have been found to potentially cause large variances in birth weight in cattle (Holland et al.,
1992). If one bull is used for the herd, the bull might not have the desired traits to suit both
the heifers and the cows regarding EPD for birth weight. Therefore, an alternative to an
additional bull in these herds might be to use Al performed after visual detection of oestrus
(Paper 1) or TAI for single females or groups. This alternative might be more cost efficient
than acquiring and keeping an additional bull, and might also prevent decreased production
(Paper I11).

Another management decision might be the length of autumn pasturing where the
additional energy-demanding decrease in temperature, elevated precipitation and frosty
conditions might cause the animals to experience cold stress, which has the potential to affect
both heifer growth and the foetuses of heifers (Christopherson et al., 1979; Gonyou et al.,
1979:Johnson, 2015 #850; Soren, 2012). Cold stress in the late autumn and winter seasons
might increase the birth weight of calves born in the spring. Furthermore, sudden and large
changes in nutrition should be avoided (Andreoli et al., 1988). These typically occur when
the cattle are moved from late autumn pasture to nutrient-rich fodder and supplements
(Micke et al., 2010a). Moreover, replacement heifers should be weighed throughout the
production stages to monitor growth and eventually identify hazards during the heifer rearing

period.

Lifetime calf production (Paper I11)

The mean herd size in the investigated herds was larger than the mean of the suckler herds in
Norway in general, which was 15.4 suckler cows/herd in the beginning of 2016 (Statistics

Norway, 2016). This might mean that hobby herds and less production-focused herds are not
members of the NBCRS. These herds are not likely to play an important role in the future of

Norwegian beef production.
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Furthermore, the current study found that the productivity at cow level in suckler cow
production is probably suboptimal. Many cows are slaughtered after having one or two
calves, but the reasons for early culling remain unclear. One reason might be dystocia among
heifers, because heifers experiencing dystocia had lower lifetime calf production compared to
heifers recorded without dystocia. Dystocia is suspected to be substantially underreported in
the NBCRS, and this might be supported by the current study where overall lifetime calf
production of heifers experiencing dystocia was decreased to a higher degree than in
comparable studies performed in the US and Europe (Brinks et al., 1973; Meijering, 1984;
Zaborski et al., 2009). Hence, the threshold for culling heifers experiencing dystocia is lower
compared to other populations. Another reason for early culling of females might be
insufficient quality of heifer rearing, e.g. undernutrition in marginal pasture or late autumn
pasturing, or lack of parasite control, causing impairment of heifer growth and consequently
delayed start of breeding. If heifers do not calve early in the calving season or experience
dystocia, they might experience difficulties rebreeding compared to multiparous animals
(Larson et al., 2016). Females that conceive late or fail to be rebred within the breeding
season are found to be at greater risk of culling (Arthur et al., 1993).

Overall, the early-maturing British breeds had higher lifetime performance than the
later-maturing continental breeds. This might reflect the breeds’ different ability to adapt to
Norwegian conditions. However, similar effects of breed on lifetime calf production is also
found in Hungarian studies (Dakay et al., 2006; Szabd et al., 2009), and might indicate a
difference in breed longevity independent of conditions in Norway. Another explanation
might be differences in handling of extensive breeds compared to intensive breeds, which
might be confirmed by the higher proportion of Al in intensive breeds compared to extensive
ones in Norway (Animalia, 2015a).

Herd, breed and regional effects

Herd effects

In the investigated data material, large herd random effects were found for both birth weight

and lifetime calf production. The random herd effect represents all unmeasured factors at
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herd level affecting the outcome. The large herd random effects mean that interventions at
herd level would be more efficient than intervention at cow level to improve overall calf
production efficiency. For birth weight (Paper 1), the herd random effect was found to be
large (37% to 40%), while the random effect at cow level (11%) was within expected values
(Bourdon et al., 1982; Eriksson et al., 2004; Simm, 1998a). The herd effect for lifetime calf
production varied between herd sizes (23% for Limousin in northern Norway to 29% for
Charolais in the inland southeast, and from 51% for Limousin in northern Norway to 58% for
Charolais in the inland southeast) (Paper IlI).

The effect of herd size on increased lifetime calf production found in the current
study, where females in larger herds produced more calves than females in smaller herds, has
not been reported for Norwegian suckler cows. However, the effect of herd size has
previously been linked to improved reproduction management within the Norwegian dairy
industry (Simensen et al., 2010). A reason for the effect of herd size might be that producers
with smaller suckler cow herds are likely to get a larger proportion of their income from
sources other than their herd, and thus their priorities might be divided between other income
sources, resulting in less intense or focused herd management. Another reason might be the
Norwegian subsidy regimen relevant to the investigated beef cattle population. Subsidies for
up to 25 females in a herd were substantially higher compared to subsidies given for
additional cows exceeding this number (Ruud et al., 2013). Therefore, producers with herds
larger than 25 cows might have been more focused on efficiency than those with smaller
herds. Hence, a revision of the Norwegian subsidy regimen might be beneficial for increasing
the efficiency of Norwegian suckler cow production.

The Norwegian beef cattle population is expanding, but the number of beef suckler
herds is static (Statistics Norway, 2016). Because not all herds are expanding, this means that
the effect of herd size found in the current study might be caused by herds in expansion,
which are keeping cows on the farm longer than their counterparts not in expansion (Martin,
2015; Roberts et al., 2015). Alternatively, the more favorable climate and topography for
grass and cattle production in the area (eastern Norway) where the larger herds are located

might have an effect (Paper II).
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Furthermore, the effect of herd size is interesting information that might be important
for the implementation of the results from the field study (Paper I). The investigated herd was
in the larger size category, and the investigators found it to be well managed. Therefore, the
results of the investigation might be in the upper segment of what can be expected with an
AAMS. A factor for lifetime production specific to Norway might be the current subsidy
regimen, which rewards the existence of females in the herds while paying less attention to
production (Aby et al., 2012).

Breed and regional effects

This study found considerable inter-breed differences in mean birth weight. Whilst these
effects have been documented for decades, the effect of breed should not be overlooked. The
similarity of the inter-breed differences found in this study to those found in previous studies
in part validates the findings reported in this thesis. The interaction term between age at first
calving and breed found for birth weights of heifer-born calves was most pronounced for the
late maturing Limousin breed, where calves born to heifers older than 2.5 years were found
to be born lighter than calves born to heifers younger than 2.5 years. The interaction might be
an effect of the different age at which lighter and heavier breeds reach mature weight, where
compensatory growth or altered ratio heifer body weight to foetal weight might affect the
later-maturing breeds more than the early-maturing breeds when bred at the same age (Berry
et al., 2007; Ryan et al., 1993; Yambayamba et al., 1996). Therefore, Limousin cattle might
benefit from being bred later than the other investigated breeds to avoid an increase in the
proportion of dystocia caused by a large calf to heifer weight ratio, and a decrease in lifetime
calf production.

The lower overall lifetime calf production found for the French breeds in the
investigated data material compared to the British breeds has previously been reported in
studies from other countries (Dakay et al., 2006; Szabo et al., 2009). However, the highly
significant breed-region interaction found for both lifetime calf production and birth weight
has, to our knowledge, not previously been reported in Norway. The above-mentioned
French breeds had the lowest lifetime calf production in the more challenging regions, i.e.

northern Norway and the fjords of western Norway. This might indicate that these breeds do
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not adapt well to Norwegian conditions and that a more adaptable breed could increase
lifetime calf production (Arango et al., 2002a). Steep or marginal pastures, which are
common in both regions, suit light British breeds better than large continental breeds
(Hampel, 2014; Ruud et al., 2013). One reason for the regional interaction for beef cattle
birth weight might be a negative linear relationship between calf birth weight and
environmental temperature, e.g. higher birth weights at colder temperatures (Deutscher,
1999). Therefore, some of the effects found for birth weight and lifetime calf production
might be a consequence of different climatic conditions in different regions (Colburn et al.,
1997; Deutscher, 1999; Holland et al., 1992; Soren, 2012; Young, 1975).

The large herd effect seen in the performed studies (Paper Il and Paper I11) indicate
that advisory services at herd level might be effective in increasing production output in
suckler herds. Additionally, the breed-region interaction found in the performed studies
(Paper 11 and Paper I11) provides valuable insight, and suggests that the region of herd
location should influence choice of breed to increase lifetime calf production and to keep the
birth weight of the calves within the desired weight interval.

Methodological considerations

Laboratory methods

Serum progesterone, as used in Paper I, is well established as the gold standard for oestrus
detection. Even though the term ‘gold standard’ has been debated (Claassen, 2005),
progesterone has been used for many years to observe the different stages of the bovine
oestrous cycle (Dobson et al., 1975). Temporal pattern of progesterone concentration display
intervals of low serum progesterone (< 1 ng/mL) at oestrus and elevated serum progesterone
(> 1 ng/mL) in the luteal phase (Colazo et al., 2008; Wiltbank et al., 2011). The
concentration of progesterone relative to time of ovulation has been studied in dairy cattle,
but not, to our knowledge, in beef cattle (Roelofs et al., 2006b). The competitive ELISA was
used to determine serum progesterone concentrations, where analytic Se is related to limit of
detection and midpoint of the curve (Armbruster et al., 2008). Analytic Sp was based on

cross-reactivity (Wiederschain, 2009). There is no reason to believe that beef cattle would
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either affect the analytic curve for progesterone or contribute to an increase in cross-
reactivity differently than dairy cattle. Therefore, the results for progesterone used in this
study were considered reliable.

Study design

The studies presented in Paper | and Paper 111 were both cohort studies, which means a group
of subjects was followed through time. One of the cohort studies was prospective (Paper 1),
the other retrospective or historical (Paper I11). Typical advantages of cohort studies are that
they can differentiate cause and effect, and that a single study can examine various outcome
variables (Mann, 2003). A typical disadvantage of cohort studies is selection bias due to
changes in the cohort over time (Dohoo, 2009b). This might have been the case in the
retrospective cohort, where bias through an age-period-cohort effect is possible. The number
of animals in the NBCRS database increased from 63% to 78% of the suckler cow population
during the study period. The inclusion criterion for this study was dams from member herds
in the NBCRS database that were slaughtered between 2010 and 2013. Therefore, more
primiparous animals became eligible for inclusion during the study period. The study
resulting in Paper 1l was a cross-sectional study. In general, cross-sectional studies are
observational studies with a straightforward basic structure and fewer concerns about design
relative to cohort and case-control studies. Such studies have the disadvantage of not being
suitable for inferring causality because exposure and outcome are measured simultaneously
(Dohoo, 2009b).

Prospective cohort study, Paper |

The prospective cohort study was performed in a purebred Hereford herd consisting of 40
cows and heifers. The herd was commercially run in facilities that were typical of those on
the Scandinavian Peninsula, both important factors when choosing a herd to make the results
of the trial more applicable. A larger number of subjects would have been desirable for the
project to increase study precision. Still, by extending the study period, more than one
oestrous period for many females in the herd was covered to increase the precision of the

study.
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The oestrus detection system developed by Van Eerdeburg et al. (Van Eerdenburg et
al., 1996) in the Netherlands on Holstein dairy cattle was modified in the study. In the
original system, animals had to total 100 points in a 24-hour period to be identified as being
in oestrus. In the field study, the animals needed to reach the 100-point threshold in a single
20-minute observation period. The adaption was thought to make the study more applicable
to Norwegian suckler production systems and took into account the differing breed and
housing conditions between the study suckler herd and the Dutch dairy production system.

The subjects stayed in their herd under well-organized herd management and familiar
handling conditions (all animals were used to being weighed), and stress behaviour was, in
the opinion of the researchers, almost non-existent. The study results are likely valid for other
similarly managed Hereford suckler herds. However, the results are based on only one herd,
and large herd effects on productivity are found in other studies in this project (Paper Il and

Paper I11).

Database studies, Paper Il and Paper Il

The study population for Paper 11 and Paper 111 was based on a data extraction from the
NBCRS database on suckler cows slaughtered from 2010 to 2013. The study population
consisted of almost 20,000 cows and their progeny.

The years for data extraction were selected for several reasons, among others that
there were no major changes in category definitions during the selected period. During the
study period the definition of a breed was constant. A ‘pure’ animal had at least 15/16 of its
ancestors of the same breed during the study period. Additionally, the proportion of calves
that were weighed differs between the breeds. For some breeds, less than half of the calves
born were weighed, and thus, some degree of selection bias might be present. The Hereford
was the breed of the five major investigated breeds with the lowest proportion of weighing in
the NBCRS in 2012, 38% (n = 1890). Limousin had the largest proportion of calves weighed
with 79% (n = 1849) (Animalia, 2013), followed by Charolais 66% (n = 3442). A Swedish
study has investigated genetic parameters for calving difficulty in Charolais and Hereford
cattle (Eriksson et al., 2004). The birth weights for Charolais were similar to the ones found

in the current study (Paper 1), but large differences in the birth weights of Hereford calves

62



between the two nations was present, especially for the heifers (36.9 kg in Sweden vs. 43.3
kg in Norway). This might indicate that a selection bias has occurred among the 38% of the
weighed calves in the NBCRS data used for the current study, e.g. that more of the heavy
calves have been weighed compared to the lighter ones. Additionally, because heifers are
often more stressed around birth, only calves of heifers that have already been handled due to
dystocia are weighed, and the weight of calves from unassisted heifer births is guesstimated
or not recorded to avoid further stress for the dam. Hence, a registration bias might occur
where the heavier calves typically found at assisted births are overrepresented.

The NBCRS is a voluntary database, which means that data being reported, e.g. birth
weight, might be different for production-focused compared to subsidy-focused producers,
and these data might introduce bias. Variables analysed for the lifetime calf production
(Paper I11) are largely based on mandatory data and data that form the basis of the herd
subsidy incomes and are therefore considered more reliable than voluntarily recordings such
as birth weight. Data quality is important when using secondary data (Emanuelson et al.,
2014) and it is recognized that the database has not been validated for use in research, as is
the case for the Norwegian dairy herd recording system (Espetvedt et al., 2013). However,
the herds represented all regions of the Norwegian mainland and included 57% of suckler
beef herds and 78% of suckler cows (Animalia, 2013). It is therefore reasonable to assume
that the study sample represents the commercial part of the Norwegian beef suckler

population well.
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Ethical considerations

The project was designed to have no foreseeable ethical conflicts. The whole project was
largely observational. The intervention performed in the prospective cohort study (Paper 1)
was authorized by the Gothenburg Research Animal Ethics Committee, and given the
approval number ‘Dnr.Etisk: 187-2014°. In the database studies (Paper 11 and Paper I11), all
producers agreed in advance that anonymized data on their herds might be used for research
purposes. All producers were anonymized throughout the whole study by the use of only
numbers at all stages of the data handling. Individual identification of the farms in the study

is not possible from the published data to preserve producer confidentiality.
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Key findings and implications

e In the studied Hereford herd, an AAMS was found to be very useful for monitoring
oestrous activity. The system had both a higher Se (90%) and Sp (100%) than
structured thrice-daily visual detection of oestrus (77% and 89%, respectively).

e The time from detection of oestrus to ovulation indicates that ovulation occurs sooner
than expected in Hereford cattle. To increase chances of pregnancy, it might be
appropriate to inseminate Hereford suckler cows sooner after detection of oestrus
than is recommended for Norwegian dairy cows (‘AM-PM rule’).

e Birth weights of beef calves in the NBCRS were influenced by calf sex, breed of dam, parity,
age at first calving, calving season, and region. Herd and cow random effects accounted for
40% and 11% of the remaining variation, respectively. The heifers delivered heavier calves
than cows, and the third parity cows yielded the lightest calves. Heifers calving for the first
time before 2.5 years of age were recorded as having heavier calves than those first calving
older than 2.5 years. Calves were, on average, heavier at birth when born in the spring than
when born in the autumn. Choosing the right breed for different regions and conditions will
be one of several management choices to consider in order to achieve optimal birth weights.

e The lifetime calf production of beef suckler cows was influenced by region, breed, calving
ease at first calving, twinning events, calving interval, and herd. As for birth weights,
choosing the right breed for different regions and conditions will be one of several
management choices to consider to optimize lifetime calf production. Larger herds had larger
lifetime calf production than smaller herds, but the reason for this remains unclear.

e The herd random effect was highly significant for both birth weight and lifetime calf
production. The herd effect encompasses all unmeasured management factors, among
which are genetics, nutrition and disease control. Hence, knowledge gain among
producers, advisors and veterinarians, and knowledge and experience exchange
between the professions and between the herds, would benefit beef production in
general. A part of this improvement is the implementation of weighing of the animals

at key points in the production cycle.
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Future perspectives

The performed studies have found several factors affecting productivity in Norwegian

suckler herds. However, the findings have also raised questions for further research.

Management appears to be very important for suckler herds to be productive. Efficient tools

are available to support producers in achieving good reproductive management in their herds,

and additional tools for use in beef herds are expected in the future. However, such tools are

not better than the producer using them, and overall management control for the producer is

important. The following questions should be pursued further:

The unexpected results of heavy calves born to heifers have to be further investigated
to clarify their causes and whether the finding is real or caused by biased sampling.
Initially, it would benefit many aspects of beef production if a validation study of the
NBCRS, similar to the one performed for the cattle database (Espetvedt et al., 2013),
was performed. Formal validation of the NBCRS database would improve the
confidence in the presented results and other studies based upon it.

The use of AAMS has provided an objective and effective method for detecting
oestrus, which can be used for a standardization of research on time to ovulation. The
other common beef breeds still have to be investigated. Increased knowledge is very
important in order to facilitate herd management and to utilize the potential in
genetics offered by Al.

Further investigation into reasons why animals are culled after only one calf is
required if production efficiency is to be improved.

Large differences are seen between comparable herds, which can reveal factors for
efficient production in other stages of the production than those investigated in this
body of work. Breaking down the ‘herd effect’ could be an important task for
optimizing productivity.

Most important for further research and improvements in the herds is reliable data

registration. For the beef industry as whole, knowledge transfer and collaboration seem to be

key for future professional production.
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A prospective cohort study was performed in the purebred Hereford herd at Gotala Beef and
Lamb Research Centre, Sweden. The study’s first objective was to assess the ability of an
automatic activity monitoring system (AAMS) to detect estrus in beef suckler cows, and its
second objective was to estimate the time from estrus to ovulation. The study sample
(n = 38) consisted of 14 Hereford heifers and 24 Hereford cows. Standardized visual

Keyyvyrds: o observation of estrus was performed for 20 minutes thrice daily, and animal activity was
Activity monitoring system . . . .

Beef recorded with an AAMS system, Heatime (SCR Engineers Ltd., Israel). Cows in estrus un-
Cattle derwent transrectal ultrasonography every 8 hours, to estimate the time of ovulation. Blood
Estrus samples for progesterone analysis were collected thrice weekly throughout the study
Hereford period. A cutoff value of 1-ng progesterone/mL of serum was used to define luteal activity.
Ovulation The AAMS had a 90% (95% confidence interval [CI] 77%-97%) sensitivity and 100% specificity

(95% C194%-100%), and visual detection of estrus had a 77% sensitivity (95% Cl 62%-88%) and
a 89% specificity (95% CI 79%-95%) for identifying estrus when compared to the gold stan-
dard defined by temporal pattern of serum progesterone concentration. When both
methods were used in parallel, the sensitivity increased to 96% (95% CI 86%-99%), and the
specificity increased to 90% (95% CI 80%-96%). The time of ovulation after estrus was
determined on 50 occasions. The median estrus (AAMS detected) to ovulation interval was
25 hours for heifers and 23 hours for cows (interquartile range 11-29 hours and 19-25 hours,
respectively). The median estrus (visually detected) to ovulation interval was 28 hours for
heifers and 21 hours for cows (interquartile range 13-29 hours for both categories). In
conclusion, the AAMS had both a higher sensitivity and specificity for estrus detection than
thrice-daily visual observation. The time from detection of estrus to ovulation observed in
this study indicates that reproductive performance might be improved if Hereford cattle are
inseminated sooner after detection of estrus than is currently recommended.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

The duration of bovine estrus is between 11 and
21 hours, in an estrous cycle which lasts between 18 and
24 days [1-4]. Typically, ovulation occurs 12 hours after the
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end of estrus, and it is recommended that artificial
insemination (Al) is performed 6 to 24 hours before
ovulation [5]. Studies investigating estrus, ovulation, and
timing of Al have almost exclusively been performed on
dairy cows. There is evidence that patterns of estrus
expression, e.g., a decrease in the primary sign of estrus
“standing to be mounted,” in dairy cows have changed in
the past half century [6]. Concurrent with this altered
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expression of estrus, there have been considerable pro-
duction increases and intense genetic selection for traits
such as milk yield [7] which may have altered the rela-
tionship between estrus behavior and ovulation in dairy
cows. The selection for productivity has been different in
beef populations, and it is not known how, and if beef cows
estrous behavior and its relationship to the time of ovula-
tion, has changed over time.

Despite the clear benefits of Al, less than 15% of
Norwegian beef cows are artificially inseminated [8]. This is
low compared to the Norwegian dairy population in which
85% of cattle are bred to Al [9]. Reasons Al is not used
include the following: difficulties in the detection of estrus,
time constraints, and inconvenience [10]. Various auto-
matic activity monitoring systems (AAMSs) have been
developed for the detection of estrus which negates a
number of arguments against performing Al in beef cattle
[11], but studies evaluating AAMS in beef herds are scarce
[12]. Instead, research on the use of Al in beef herds has
focused on estrus synchronization and timed Al protocols
[13,14]. These protocols have been so successful that these
programs are believed to be the main reason for increases
in Al use among beef cattle producers in many parts of the
world [15]. However, in Europe, there is a resistance to the
use of hormones to treat cattle [16], and studies deter-
mining the optimal Al time in unsynchronized beef cows
are limited [17]. Therefore, knowledge about the optimal
time to perform Al in unsynchronized beef cows is impor-
tant for beef production in Europe and other areas.

There is little reason to assume the duration of estrus
and estrous behaviors are identical between beef and dairy
cows given the considerably different genetic selection and
production demands placed on them [7]. Particularly, when
there is evidence from the dairy population that breed af-
fects estrous behavior [18]. A better understanding of
temporal relationships of estrus and ovulation in beef cows
is important if Al is to be successful in beef herds. The
primary objective of this applied study was to evaluate the
ability of an AAMS and visual observation to detect estrus
in beef suckler cows, both compared to a gold standard for
estrus defined by serum progesterone levels. The second-
ary objective was to determine the time from AAMS or
visual detection of estrus to ovulation in beef suckler cows,
comparing nulliparous to multiparous females.

2. Materials and methods

The study was authorized by the Gothenburg Research
Animal Ethics Committee (Dnr. Etisk: 187-2014).

2.1. Study population

This prospective cohort study was performed in a
purebred Hereford herd at Gétala Beef and Lamb Research
Centre, Sweden, from the 31st of May to the 4th of July
2015. The herd is a research herd but managed following
the principals of a commercial herd. The herd consisted of
40 purebred female Hereford beef cattle over 13 months
old, 24 of which had suckling calves, and a bull. The cows
that were eligible calved 1 to 70 days before the start of the
study, except for two cows which last calved in 2014. The

study population was kept in two groups. One group con-
sisted of 15 nulliparous heifers aged between 13 and
16 months, and the other group consisted of 25 multipa-
rous cows. There were no primiparous cows present in the
herd during the study period. Both objectives of this study
were investigated using the same study population,
although different inclusion criteria and unit of observation
mean that the number of observations used for each
analysis differs.

The heifers and cows were loose housed in separate
rectangular pens measuring 105 m? and 315 m?, respec-
tively. The pens were adjacent to each other in an uninsu-
lated barn with deep straw bedding and scraped alleys with
solid concrete floors in front of the feed bunks. A young bull
was located in a pen at a short end of the rectangular cow
pen. The herd was fed ad libitum first cut Festulolium grass
silage supplemented with 100 g of mineral mix per head as
recommended [19] once daily at 6:30 AM, and all animals
had free access to water and sodium chloride salt licks. The
body condition score (BCS) of all females in the study was
assessed on a nine-point scale (1 = emaciated, 9 = obese)
[20], by the same member of the staff on the first and final
day of the study.

2.2. Detection of estrus

No hormonal treatments were administered to heifers
or cows. Consequently, all estrous periods were
spontaneous.

2.2.1. Standardized visual detection

Standardized visual observation of estrus was per-
formed by one of three experienced veterinarians (S.T.N.,
CS.H., and A.D.M.) in each group of cows for 20 minutes
thrice daily at 6 AM, 2 PM, and 10 PM. When a behavior
associated with estrus was observed, a score was assigned
to that female as outlined in Table 1 [21]. After each
observation period, the scores for estrus behaviors were
summated for each female. Estrus was defined as starting
the first time a female scored 100 points or more in a
20-minute observation period.

2.2.2. Automated activity monitoring system

The neck collars of a commercially available AAMS
(Heatime HR System, SCR Engineers Ltd., Israel) were fitted
to the females 1 month before the study commenced. The

Table 1
Standardized scoring scale for visually observed estrous behavior.

Estrus sign Scoring scale
Other signs
Mucous vaginal discharge 5
Bellowing 5
Restlessness 5
Sniffing the vulva of other cow 10
Resting with chin on other cow 15
Mounting signs
Mounted by other cow, but not standing 10
Mounting (or attempting) other cows 35
Mounting head side of other cow 45
Standing heat 100

Modified version of [21].
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activity of the herd was measured at the individual cow
level using a proprietary movement sensor included in the
neck collar, which is reported to record all cow
movement and activity intensity (www.scrdairy.com/cow-
intelligence/technology.html), continuously throughout
the study period. These data were transferred from the
neck collar to the central computer in 2-hour blocks by
radio transmission. Activity measurements recorded in the
central computer were used to establish the threshold of
estrus activity according to the manufacturer’s guidelines
(SCR Engineers Ltd.). Estrus was defined as beginning at the
time of the AAMS alarm.

2.3. Ultrasonography

Transrectal ultrasonography (Easi-Scan, BCF Technology
Ltd., Scotland) of the reproductive tract was performed in
both heifers and cows by one of three experienced veteri-
narians (S.T.N., C.S.H., and A.D.M.) after initial detection of
estrus (visual or AAMS alarm). The first transrectal exami-
nation was performed directly after the visual estrus
observation period was completed, and every 8 hours
thereafter, to determine time of ovulation. Examinations
stopped immediately after ovulation was confirmed as
having occurred by disappearance of the dominant follicle,
or after the sixth transrectal examination (48 hours).

2.4. Blood sampling and analysis

Blood samples were collected from the medial coccygeal
vein of all heifers and cows included in the study sample
thrice weekly (Monday, Wednesday, and Friday)
throughout the study period. Samples were collected with
a Vacutainer system (Venoject 0.9 x 40 mm, Terumo
Europe N.V., Leuven, Belgium) into a 4-mL Vacuette, Z
serum cloth activator (Greiner Bio-One International
GmbH, Kremsmiinster, Austria). The blood samples were
stored at room temperature for 1 hour before being
centrifuged at 3000 x g for 10 minutes at 20 °C. The serum
was transferred to a Vacuette, 2 mL, Z No Additive (Greiner

o

Bio-One International GmbH) with a single-use pipette
before being stored at —20 °C. The samples were thawed
before progesterone concentration was determined by
commercial ELISA (Ridgeway Research Ltd., UK). The labo-
ratory reported the intra-assay coefficient of variation to be
9.6%, and the interassay coefficient variation to 6.6%.

2.5. Statistical analyses

Data management and statistical analysis were per-
formed using Stata (Stata SE/12, Stata Corp., USA). In all
analyses, statistical significance was defined by a P-value
below 0.05.

2.5.1. Diagnostic test evaluation

Thrice-weekly (Monday, Wednesday, and Friday) serum
progesterone measurements were used to define the “gold
standard” for the calculation of sensitivity and specificity of
each estrus detection method [22]. The phase of ovarian
activity was defined as either ovulatory (the follicular
phase of females that had commenced luteal activity by the
time the study started) or nonovulatory (females that were
in the luteal phase of the estrous cycle or were in anes-
trous). The heifers and cows were defined as being in a
nonovulatory phase if their serum progesterone concen-
trations were greater than 1 ng/mL, and in an ovulatory
phase if less than 1 ng/mL for less than five consecutive
blood samples, as illustrated by Figure 1. One physiologi-
cally normal reproductive cycle for a healthy cow consisted
of one ovulatory and one nonovulatory phase and would be
expected to last between 18 and 24 days. Heifers and cows
in which the serum progesterone concentrations never
exceeded 1 ng/mL were defined as being in anestrous and
in a nonovulatory phase throughout the study. Females
with an observed estrus event (AAMS or visual) in the
ovulatory phase were regarded as being in “true estrus” if
she made a transition to a nonovulatory phase within
8 days. If the study period ended before this transition, that
estrus was not included in the sensitivity and specificity
calculations as it was not confirmed.

Ovulatory Phase

‘ Non-ovulatory Phase |

|Ovu|atory Phase ‘ | Non-ovulatory Phase |/
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Fig. 1. An example, heifer “118,” of an individually typical thrice-weekly serum progesterone profile, used to define the “gold standard” for heifers and cows in

estrus by the definition of the two phases “ovulatory” and “nonovulatory.”
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2.5.2. Time to ovulation

The interval (in hours) from estrus to the visual disap-
pearance of the ovulatory follicle by transrectal ultraso-
nography was recorded. Because ultrasound was only
performed every 8 hours, the midpoint between the ex-
amination including the last visualization of the ovulatory
follicle and first examination with no detectable ovulatory
follicle was used to estimate time of ovulation. Survival
analysis was performed to estimate the interval from estrus
to ovulation for visual- and AAMS-detected estrus. In these
analyses, “ovulation” was defined as the “event,” and the
time from AAMS alarm or visually observed estrus to event
constituted “survival time.”

Descriptive statistics for time at risk, and median, 25th,
and 75th percentiles of survival time were calculated
separately for both methods used for the detection of estrus
across both age groups and separately for heifers and cows
(Table 2). Overall survival time was estimated using the
Kaplan-Meier method, and a log-rank test was performed
to test for differences in time to ovulation between heifers
and cows.

3. Results
3.1. Study sample

Two animals from the study population (n = 40) were
not included in the study sample (n = 38). This is because
one cow had calved the day before the study start and one
heifer was a freemartin. All of the 38 females (14 heifers
and 24 cows) in the study sample contributed data to the
diagnostic test evaluation (primary objective). The animals
in the study sample had a mean and median BCS of 6 (range
4-8) when estimated at both the start and the end of the
study. None of the animals experienced a BCS change
exceeding one unit. The minimum time from calving until
study start for females in the study sample was 22 days.

Table 2

Nine of the 38 females in the study sample did not ex-
press estrus. The temporal pattern of progesterone con-
centration indicated that in the study period, eight of these
animals were in anestrous. The remaining 30 animals were
classified as having a normal temporal pattern of proges-
terone concentration [23]. One animal had a silent estrus.
Consequently, data from 29 females (10 heifers and 19
cows) were included in the estimation of estrus to ovula-
tion interval (secondary objective).

3.2. Diagnostic test evaluation

A total of 111 ovarian phases were identified by
analyzing the temporal pattern of serum progesterone
concentration among the 38 eligible females over the study
period. Of these, 48 were defined as ovulatory. Systematic
visual observation and AAMS detected 36 and 43 of these as
“estrus,” respectively. The observations are summarized in
Table 2. Overall, thrice-daily visual detection of estrus was
77% (95% confidence interval [CI] 62%-88%) sensitive and
89% specific (95% CI 79%-95%), whereas the AAMS was
90% (95% CI 77%-97%) sensitive and 100% specific (95% Cl
94%-100%) at identifying estrus. If both thrice-daily visual
observation and AAMS were used in parallel to detect
estrus, with detection of estrus by either method being
classified as positive, the sensitivity for detection of
estrus was 96% (95% CI 86%-99%) and the specificity was
90% (95% CI 80%-96%).

3.3. Ultrasonography

Transrectal ultrasonography of the female reproductive
tract to attempt to identify the disappearance of an ovulatory
follicle, indicating an ovulation had occurred, commenced on
52 occasions. There were two occasions for which disap-
pearance of the ovulatory follicle was not clearly identified,
despite the temporal pattern of progesterone concentrations

Number of ovulatory and nonovulatory phases used for the test evaluation of a standardized visual observation, an automatic activity monitoring system and
when combining both methods, performed for detection of estrus in a Hereford herd.

Estrus detected Ovarian phase Total Predictive values
Ovulatory Nonovulatory
Visual-observed estrus
Yes 36 6 42 PPV® = 84 (69-93)
No 11 57 68 NPV" = 84 (73-92)
Total 47 63 110
Se® = 77 (62-88) Sp? = 89 (79-95)
AAMS-alarmed estrus
Yes 43 0 43 PPV? = 100 (92-100)
No 5 63 68 NPV’ = 93 (84-98)
Total 48 63 111
Se“ =90 (77-97) Sp“ = 100 (94-100)
Visual-observed or AAMS-alarmed estrus
Yes 46 6 52 PPV® = 88 (77-96)
No 2 57 59 NPV” = 97 (88-100)
Total 48 63 111

Se€ = 96 (86-99)

Sp? = 90 (80-96)

Abbreviations: AAMS, automatic activity monitoring system; CI, confidence interval.

2 Positive predictive value % (95% CI).
b Negative predictive value % (95% CI).
¢ Sensitivity % (95% CI).

4 Specificity % (95% CI).
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indicating that ovulation had occurred. Both these estrous
periods were omitted from the estimations of the estrus to
ovulation interval. Calculation of time from estrus to ovula-
tion was, therefore, based on 50 AAMS-detected estrus
events and 40 visual observations. One estrus period was
censored at 17 hours after detection of estrus (both AAMS
and visual) due to loss to follow-up. In total, the disappear-
ance of an ovulatory follicle was therefore identified in 49
estrous periods, 39 of these after visual detection of estrus
and 49 after AAMS detection of estrus (Table 3).

3.4. Estrus to ovulation interval

For estrous periods detected by systematic visual obser-
vation, the median estrus to ovulation interval was 28 hours
(interquartile range [IQR] 13-29 hours) for heifers and
21 hours (IQR 13-29 hours) for cows. The median time from
AAMS-detected estrus to ovulation interval was 25 hours for
heifers and 23 hours for cows, with an IQR from 11 to
29 hours and 19 to 25 hours, respectively. These estimates
are given in Table 3. The log-rank test indicated the estrus to
ovulation interval did not vary between heifers and cows
(visually detected P = 0.89; AAMS detected P = 0.68).

4. Discussion

This study was performed to evaluate the ability of an
AAMS to detect estrus in beef cattle and to estimate time
from AAMS alarm or standardized visual detection of estrus
to ovulation. The AAMS out-performed structured thrice-
daily visual detection of estrus, and females with an
AAMS-detected estrus were very likely to actually be in
heat as seen by the positive predictive value of 100 (95% CI
92-100). The estrus to ovulation interval found in this
study was shorter than previously described in other clas-
ses of cattle. This indicates that better results may be ach-
ieved if Al in housed Hereford cattle is performed closer to
detection of estrus than is currently recommended for
Norwegian cattle in general (www.geno.no).

4.1. Diagnostic test evaluation

The sensitivity of detection of estrus was high, and the
specificity was very high for the AAMS in the studied
Hereford herd. The diagnostic properties for the detection
of estrus were higher for the AAMS than for standardized
visual detection of estrus, although the visual detection of
estrus performed better in this study than has been

Table 3

previously reported [24,25]. These findings concur with
similar studies that have been performed in dairy herds
and shown AAMS to outperform visual detection of estrus
[25-28]. If both the thrice-daily visual observation and
AAMS were used in parallel to detect estrus, the sensitivity
was improved compared to each method separately.

In practice, the sensitivity of detection of estrus is more
important than its specificity because an examination and
reconfirmation of estrus is performed before Al. Conse-
quently, any false positives, animals not in estrus, can be
rejected before Al is performed. A low positive predictive
value is of course also undesirable for practical and eco-
nomic reasons. On the other hand, undetected estrous pe-
riods are difficult to manage and are likely to increase costs
due to animals having an increased number of days open.
This means that the system used for detection of estrus
requires a high negative predictive value (NPV) if Al is to be
used successfully in commercial suckler herds. Unfortu-
nately, the first ovulation postpartum in cattle is often re-
ported to be silent [29]. Therefore, the NPV for detection of
estrus will be expected to increase for both visual detection
and AAMS after the first ovulation has occurred. In the
present study, a parallel interpretation of the results of
systematic visual observation and AAMS yielded the high-
est sensitivity, and consequently NPV.

Full compliance with the systematic visual detection
regimen used in this study is unlikely to be achieved in a
commercial operation. Reasons for this include different
observer experience, reduced levels of objectivity, and often
suboptimal observation facilities compared to the present
study in which three highly motivated and experienced large
animal veterinarians performed the observations as part of
the study protocol. The AAMS is, however, objective, inde-
pendent of observation facilities and time efficient, although
it requires a considerable financial investment.

Animals in anestrus were responsible for most of the
visually falsely identified estrous periods, and the likeli-
hood of correctly identifying Herefords in estrus by visual
detection would be increased if all females have
commenced luteal activity before the beginning of the
breeding period. This emphasizes the importance of well-
organized herd management, such as nutritional manage-
ment and planned calving and voluntary waiting period,
which potentially increases the importance of advisory
services on these farms [7,30]. Furthermore, checking the
ovarian status of females at the start of the breeding season
could be a useful exercise to exclude prepubertal heifers,
reveal cows in anestrus, or with ovarian or uterine

Survival statistics for 50 estrous periods for both visual detection of estrus and automatic activity monitoring system (AAMS)-alarmed estrus to ovulation in

a Hereford herd.

Detection method Category Time at risk, h Females Estrous periods® Survival time, h
Median 25% 75%
Visual observation Total 924 24 40 21 13 29
Heifers 387 9 16 28 13 29
Cows 537 15 24 21 13 29
AAMS alarm Total 1076 28 50 23 19 27
Heifers 383 9 18 25 11 29
Cows 693 19 32 23 19 25

2 One estrous period in a cow was censored at 17 h of follow-up in both the visual and AAMS groups.
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disorders, hence securing a concentrated calving pattern. It
is also important to be aware of the fact that female cattle
might exhibit estrous behavior also after conception [31].

4.2. Estrus to ovulation interval

The median estrus to ovulation interval was shorter in this
study than the 27 to 31 hours and 26 to 30 hours reported in
similar studies performed in beef and dairy herds [28,32-36],
irrespective of the method used in this study to detect estrus.
The differences found between the studied herd and dairy
cattle may be due to genetics, presence of progeny with dam,
or less metabolic stress in beef cattle [7,37,38].

In this study, 50% of the ovulations (IQR) occurred
within 19 to 27 hours after detection of estrus with AAMS
and 21 to 29 hours after detection of estrus visually.
Optimal timing of Al relative to estrus is important to
maximize reproductive success. It is a trade-off between
low fertilization rate and high embryo quality when
inseminated early, and high fertilization rate and low em-
bryo quality when inseminated late [39-41]. Optimal time
for Al has been reported to be 6 to 24 hours before ovula-
tion [5], 5 to 17 hours after increase in activity, and 2 to
14 hours after the commencement of standing to be
mounted [42]. A study of beef cattle found optimal time of
Al to be 20 to 21 hours after detection of estrus [17]. The
current recommendation for performing Al in Norwegian
cattle is 9 to 24 hours after start of increased activity [9].
However, the time from detection of estrus to ovulation
seen in the present study would indicate that Al should be
performed approximately 6 hours after detection of estrus
to maximize reproductive performance.

In dairy cattle, it is reported that heifers ovulate a little
earlier after the onset of estrus than cows [31,43]. Studies
performed in beef cattle have shown similar trends
reporting an interval of 27 and 31 hours from onset of
estrous activity to ovulation for heifers and cows, respec-
tively [4,44]. However, the estimated estrus to ovulation
interval in this study did not differ between heifers and
cows, which is in accordance with some earlier studies [45].

If visual detection of estrus was to occur less frequently
than thrice daily, it is likely that the time from detection to
ovulation would be shorter and that fewer estrous periods
would be detected. This might mean that reproductive
performance could be maximized if Al was performed
immediately after the detection of estrus, particularly if
estrus was detected at night when waiting means delaying
insemination to the day after. In Norway, most in-
seminations are performed by veterinary surgeons (65%) or
technicians (32%) [46], and for an insemination to be per-
formed the same day orders must be placed before 10 AM.
In practice, this means that many beef heifers and cows
would have already ovulated at the time of Al. Therefore,
producer Al or timed Al after estrus synchronization might
be necessary to achieve acceptable results from Al in
Norwegian commercial cow—calf operations.

4.3. Methodological considerations

The results from this observational study have a high
internal validity as the study population included all

eligible females in the herd, and detailed, standardized,
observations were performed by the same researchers
throughout the study. Previous studies have found that
stress can delay ovulation, and repeated transrectal ex-
aminations could have been stressful for some, or all, of the
animals involved [47]. However, the study was observa-
tional in nature, and the herd stayed in their familiar
environment and were handled as they were accustomed
during the study. Therefore, it is unlikely the timing of
ovulation was affected by stress.

The activity level and temperament of Hereford cattle
differs from other breeds [48], which might influence the
estrus to ovulation period. The number of females in estrus
at the same time is also important for the expression of
estrus, hence the size of the groups has to be taken into
consideration [1]. Furthermore, flooring facilities [49] or
general high incidence of lameness in the herd [7,50] are
examples of factors that may alter general activity,
expression of estrus, and time to ovulation relative to estrus
[51]. The results are likely to be valid for other Hereford
cows in similar production systems. However, extrapola-
tion to other beef breeds in other production systems
should be performed with caution.

4.4. Conclusions

In the studied Hereford herd, the AAMS identified more
estrous periods than structured thrice-daily detection of
estrus. The AAMS did not detect all females in estrus, but
those with an AAMS-detected estrus were very likely to
actually be in heat. The time from detection of estrus to
ovulation found in this study indicates that inseminations
of Hereford suckler cows might result in a higher risk of
pregnancy if performed closer to estrus, approximately
6 hours after detection, than is currently recommended for
Norwegian dairy cattle although further research is
required to investigate this.
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ABSTRACT

A cross-sectional study was performed to evaluate factors which influence birth weights of beef suckler
calves in Norway. Data were from a national beef cattle registry, and lifetime production data of cows
slaughtered between January 2010 and January 2013 were included in the study population. The study
population consisted of 20,541 cows and 53,819 calves. The analysis was performed on the subset of
singleton calvings from which birth weights were recorded. The study sample consisted of 9903 cows
with birth weights available for 29,294 calves. The mean birth weight was 43.47 kg (95% CI 43.40; 43.53).
Two multilevel linear regression models were built; the first was for all calves and included parity of dam
as one of the explanatory variables (with herd and cow as random effects), the second model was for
calves born to primiparous dams only where age of first calving was included as an explanatory variable
(with a random herd effect). The multilevel regression models estimated that female calves were 2.3 kg
lighter than males (95% CI 2.2-2.4, P<0.001), that calves of Norwegian Red, Charolais, Aberdeen Angus
and “Other” born in the western part of Norway were lighter than from all other regions, and that calving
in the autumn yielded lighter offspring than calving other parts of the year. Furthermore, calves born
from primiparous cows were heavier than calves from older cows. Herd explained a large proportion of
the variation in birth weights (40% and 37%, in the full and heifer models, respectively), and both the
herd and cow random effects were highly significant. In conclusion, birth weights of beef calves in the
Norwegian Beef Cattle Recording System were influenced by sex of the calf, breed of the dam, parity, age
at first calving, calving season, cow, herd and region.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

There is no tradition for specialized beef production in Norway,
where milk and meat for the domestic market have tradition-
ally been produced by dual purpose Norwegian Red cattle. Over
the past two decades, improvements in the breeding and man-
agement of Norwegian dairy cows have resulted in considerably
higher milk yields per cow leading to a decrease in the size of the
national dairy population, but still filling the nationally regulated
milk quota (Kumbhakar et al., 2008). Beef is a by-product of the
dairy industry and the reduction in the national dairy herd has led to
areduction in beef production in Norway. Concurrently the human
population has increased and beef consumption has increased. Con-
sequently, in 2012 more than 22% of the annual consumption of

* Corresponding author at: Department of Production Animal Clinical Sciences,
Faculty of Veterinary Medicine and Biosciences, Norwegian University of Life Sci-
ences, P.O. Box 8146 Dep., N-0033 Oslo, Norway. Fax: +47 22597083.
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beef was imported into Norway (Animalia, 2013a). If domestically
produced beef is to meet consumer demand, which is a political
goal, the number of beef cattle must increase substantially over
the next decade and their productivity must be improved (Ruud
et al.,, 2013). Norwegian beef producers, as well as their veteri-
narians and advisors, therefore need information regarding factors
affecting productivity in the national beef herd in order to increase
the output in a sustainable manner.

In specialized beef production the successful rearing of calves for
slaughter and replacement of breeding stock is a key factor deter-
mining herd profitability. Economic studies of the functional traits
of beef production showed that fertility was the most important
trait for sustainable suckler cow operations (Prince et al., 1987;
Diskin and Kenny, 2014).

The optimal size of a calf will vary depending on the breed and
parity of the dam, and there must be a balance between being large
enough to be healthy and robust and not being so large as to cause
dystocia. Birth weight is reported to be the single most important
risk-factor for occurrence of dystocia (Nix et al., 1998; Bellows and
Lammoglia, 2000), and dystocia can affect both the cow and calf
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-(l;zlrjlleer;tion of the study sample in a cross-sectional study of birth weights among Norwegian beef calves based on the Norwegian Beef Cattle Recording System (NBCRS)
database.
Herds (n) Cows (n) Calves (n) Explanation
2176 20,541 62,813 Study population, extracted animals from the NBCRS
-55 -234 Excluded: obvious recording errors
—1459 Excluded: twin calves
—661 —2245 Excluded: age at first calving below 1.5 or over 3.6 years
-1875 -5056 Excluded: first calving missing in NBCRS
17,950 53,819
—24,525 Birth weight missing
1192 9903 29,294 Study sample

negatively and in severe cases lead to loss of both. Dystocia is fur-
ther known to negatively impact fertility in the post-partum period
leading to increased occurrence of uterine disease, delays in onset
of luteal activity and extended calving intervals (Zaborski et al.,
2009). Calf birth weight has also been shown to influence days open
in Norwegian Hereford herds (Martin et al., 2010). The factors influ-
encing birth weights of beef calves are not fully known, but both
genetic and environmental factors are involved (Holland and Odde,
1992). Important factors influencing birth weights include: parity,
fetal sex, sire and dam breed, maternal nutrition and climate during
last trimester (Mee, 2008). Furthermore, differences between the
geographical regions of Norway might potentially influence birth
weights through differences in management, climate and/or nutri-
tion. Understanding the variability in birth weights in Norwegian
beef suckler herds, and the mechanisms behind this variability, can
be a means to optimizing the production. The aim of this study
was therefore to document the distribution of birth weights among
beef suckler calves in Norway, and to evaluate factors associated
with birth weights at the individual calf level. The factors of inter-
est were sex of the calf, breed, region, damis age at first calving,
calving season, parity, cow and herd.

2. Materials and methods
2.1. Study population

The data used in this study were extracted from the Norwegian
Beef Cattle Recording System (NBCRS). Producer membership in the
NBCRS is voluntary, but more than 78% (n=66,584) of Norwegian
beef suckler cows, representing 57% (n=2428) of the Norwegian
beef herds, were enrolled at the end of 2012 (Animalia, 2013b).
In the NBCRS animals are identified by a unique 12-digit number,
where 8 digits identify the location of farm of origin and 4 dig-
its identify the individual, and all the cattle must be ear-tagged
with this number in accordance to EU-legislation EF 1760/2000. The
database further includes individual animal information regard-
ing date of birth, sex, breed, herd (current and of origin), ancestry,
slaughter date and slaughter quality. Producers are encouraged to
record weights at certain ages, e.g., at birth and 200 days of age,
calving difficulties and animal losses other than slaughter.

Data on all adult cows slaughtered between 1st of January 2010
and 23rd of January 2013 were extracted from the NBCRS (Table 1).
Only cows registered with a least one progeny were kept in the
initial extraction along with all data of their offspring, including
those born before herd membership in the NBCRS. The data set
was screened for illogical observations, obvious typing errors and
duplicates, and when found these were omitted. If only one obvious
error occurred in the records of a cow with many parities the sin-
gle offspring was removed. However, if errors occurred more than
once, all the registrations concerning the cow and her progeny were

deleted. Data from cows with age at first calving below 1.5 years and
cows with age at first calving over 3.6 years of age where excluded
from the analyses.

2.2. Outcome and explanatory variables

The outcome variable of interest was the birth weight of each
calf and the explanatory variables included were cow identity, sex
of the calf, breed of the dam, region, age of dam at first calving, sea-
son of calving, parity of the cow and herd of birth. The breed of each
animal was defined as purebred if the animal was registered genet-
ically as 15/16 parts (or more) of the same breed, calculated from
the breed composition of parents, grand- and great grandparents. If
less than 15/16 parts purebred, animals were coded as crossbreed.
The breed variable was retained for the most important breeds;
Norwegian Red, Hereford, Charolais, Aberdeen Angus, Limousin
and Simmental, while the less numerous breeds were merged into
a pooled category; “Other”. The Other category consisted of the
breeds Jersey, Sided Troender/Northland cattle, Telemark cattle,
Doela cattle, Old Norwegian Red Polled, Norwegian South- and
Western cattle, Norwegian Western Fjord cattle, Holstein, Dan-
ish Red, Blond d’Aquitaine, Highland Cattle, Tiroler Gray, Dexter,
Piemontese, Galloway and cross-breeds. The herds’ locations were
grouped into five geographical regions of Norway which are also
used for the regulation of movements of cattle livestock; Costal
Southeast, Inland Southeast, Western, Mid- and, Northern Norway,
respectively. Age at first calving was defined by subtracting birth
date from first calving date. Parity was defined by the sequence of
calvings for each cow in the dataset. For twin calvings, the birth
weights of both twins were excluded from the analysis but the
calving still gave rise to an increase in parity. Parity was coded
individually for the first 6 parities, while subsequent parities were
pooled as greater than 6th due to the low number of observations
in this group. Season of calving was dichotomized based on month
of partum. “Spring calving” was defined as births between first of
February and the end of July while the “Autumn calving” season was
set to the first of August to the end of January. The unit of observa-
tion was the calving, and because several sequential offspring could
be registered from each cow these observations were not indepen-
dent of each other, which needed to be taken into account during
analysis. Cows were further clustered within herds, which were
located within regions.

2.3. Statistical methods

The generation of the initial database from the NBCRS was per-
formed using SAS 9.2 (SAS Institute Inc., Cary, NC, USA). Further data
management and statistical analysis was performed using Stata
SE/12 (Stata Corp., College Station, TX, USA).
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The mean birth weights, with standard errors and 95% confi-
dence intervals (CI), for offspring were calculated overall and for
sub-groups defined by sex, breed, region, age at first calving, sea-
son of calving and parity. Two multilevel linear regression models
were built; one for all animals (with herd and cow as random
effects) which included parity as an explanatory variable, and a
second model for first calvings only where age of (first) calving
was included as an explanatory variable and with a herd ran-
dom effect. The command xtmixed in Stata was used, assuming
equal correlations between animals within a herd and hence apply-
ing a compound symmetry correlation structure. Variables were
tested in the multilevel linear regression models with a manual
backward stepwise regression strategy until all included variables
were significant at a P-value of <0.01. Potential confounding vari-
ables were identified a priori through the construction of a causal
diagram. Variables considered potential confounders were tested
running the model with and without the variables in question
and changes in estimates were explored. Overall significance of
groups of categorical variables, e.g., breed and region, were tested
using likelihood ratio tests. The amount of variation present at each
level in the hierarchical models (calving/cow/herd) was calculated.
Biologically plausible interaction effects between statistically sig-
nificant explanatory variables were tested by adding interaction
terms to the main-effects model. The cut-off for keeping an inter-
action term in the model was set to P<0.01. When significant
interactions were present, the effects were estimated and com-
pared for subgroups defined by combinations of different levels of
the interacting variables.

The linearity of the association between outcome and explana-
tory variables was assessed through a locally weighted scatterplot
smoother. After the regression process, the assumption of normally
distributed residuals was assessed through a normal quantile plot
of standardized residuals at all levels of the models in question. The
final model raw and standardized residuals were plotted against
predicted values at all levels of the model in question to check for
heteroscedasticity as well as for potential outliers. Assessment of
multicollinearity was based on variance inflation factors provided
by aregression analysis including all predictors of the final models.

3. Results
3.1. Study population

Table 1 states the number of animals and herds originally avail-
able for inclusion from the NBCRS (cows: n=20,541 and calves:
n=62,813), the numbers that were excluded in order to obtain
the study sample of 9903 cows and 29,294 calves, as well as
brief descriptions of the reasons for exclusion. The study sample
included 29,294 calves with a recorded birth weight, which was
54.4% of the calves in the study population. The number of obser-
vations per group and the mean birth weights by sex, breed, region,
age at first calving, birth season and parity are presented in Table 2
(for all calves) and Table 3 (for calves of primiparous dams only).
The mean birth weight of the calves was 43.47 kg (95% CI 43.40;
43.53).

3.2. Model including all animals

Results from the multivariable model including all animals are
givenin Table 4. The regression model estimated that female calves
were 2.3kg lighter than males (P<0.001) and that calvings in
the autumn yielded 0.5 kg lighter offspring than spring calvings
(P<0.001). Furthermore, calves born from primiparous animals
were heavier than calves from older animals (P<0.001).

Table 2

A descriptive presentation of the Norwegian Beef Cattle Recording System study
population, all calves included. The number (n), mean birth weight of calves (kg)
and 95% confidence interval (CI) are presented for the subgroups sex, dam breed,
region of birth, the dams age at calving, birth season, and dam parity. The table
includes 29,294 calves with birthweights, born to 9903 dams from 1192 herds.

Variable Level n Mean  95% CI
Sex Male 14,641 44.6 44.5; 44.7
Female 14,653 423 422,424
Dam breed Norwegian Red 2386 43.9 43.7;44.2
Hereford 7507 429 42.7;43.0
Charolais 7682 45.6 45.5; 45.8
Aberdeen Angus 4428 40.4 40.3; 40.6
Limousin 3911 433 43.2;43.5
Simmental 1649 45.6 45.3; 45.8
Other? 1731 42.0 41.7;42.4
Region of Norway Costal Southeast 8753 434 43.3;43.5
Inland Southeast 8375 43.7 43.6; 43.8
Western 3594 421 41.9;42.3
Mid 6529 44.0 43.8; 44.1
North 2043 43.5 43.3;43.8
Age of dam at first <2.5years 27,632 43.5 43.4; 43.6
calving >2.5 years 1662 42.9 42.6;43.1
Birth season February-July 24,124 435 43.4; 43.6
August-January 5170 43.3 43.1;43.4
Parity of dam 1st 8738 43.9 43.7; 44.0
2nd 6085 434 43.3; 43.6
3rd 4362 431 43.0;43.3
4th 3192 434 43.2;43.6
5th 2301 433 43.1; 43.6
6th 1648 432 42.9; 435
>6th 2968 433 43.1;,43.5

2 Includes crossbreds, unknown breeds, Dexter, Galloway, Blonde d’Aquitaine,
Highland cattle and various local breeds.

Table 3

A descriptive presentation of the Norwegian Beef Cattle Recording System study
population, calves of primiparous dams only. The number (n), mean birth weight
of calves (kg) and 95% confidence interval (CI) are presented for the subgroups sex,
dam breed, region of birth, the dams age at calving, birth season, and dam parity.
The table includes 17,950 calves with birthweights, born to 8738 dams from 1098
herds.

Variable Level n Mean  95%ClI
Sex Male 4295 450 44.9; 45.2
Female 4443 42.7 42.6; 42.9
Dam breed Norwegian Red 739 43.8 43.4; 443
Hereford 2058 433 43.1;43.5
Charolais 2470 456 45.4; 45.8
Aberdeen Angus 1199 412 40.9; 41.5
Limousin 1256 43.7 43.4; 44.0
Simmental 483 45.8 45.2;46.3
Other? 533 42,5 41.9; 431
Region of Norway Costal Southeast 2336 437 43.4; 43.9
Inland Southeast 2599  44.0 43.8;44.3
Western 1112 427 42.4;43.1
Mid 2026 443 44.1; 44.6
North 665 44.2 43.8; 44.7
Age of dam at first calving  <2.5 years 7076  44.1 43.9; 44.2
>2.5 years 1662 429 42.6; 43.1
Birth season February-July 7059 439 43.8; 44.0
August-January 1679 436 43.3; 43.9

2 Includes crossbreds, unknown breeds, Dexter, Galloway, Blonde d’Aquitaine,
Highland cattle and various local breeds.

There was an interaction between breed and region, i.e., the
effect of breed of dam was dependent on which region of Norway
the calf was born in, and vice versa. Based on results from the mul-
tivariable model including the interaction, estimated birth weights
were calculated for all combinations of breed and region of Norway,
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Table 4

Variables significantly associated with birth weights of Norwegian beef calves. Multivariable estimates, 95% confidence intervals (CI) and P-values from a multilevel linear
regression model. Herd and cow random effects were applied to account for intra-herd and intra-cow correlation. The analysis included 29,294 calves born from 9903 cows
in 1192 Norwegian beef herds.

Variable Levels Estimates 95% CI P
Intercept 44.9 44.1; 45.6 <0.001

Sex Male Baseline
Female -23 —2.4; -2.2 <0.001

Region of Norway" Costal Southeast Baseline
Inland Southeast 0.0 -1.0; 0.9 0.931
Western -0.6 -1.7; 0.6 0.326
Mid 0.7 -0.2;1.7 0.139
North -0.5 -1.9;0.9 0.502

Dam breed* Norwegian Red Baseline
Hereford -0.2 -0.9;0.4 0.462
Charolais 0.2 -04; 0.9 0.536
Aberdeen Angus -1.0 -1.8; -0.2 0.014
Limousin 0.0 -0.7; 0.7 0.977
Simmental -0.3 -1.3;0.8 0.634
Other? -0.9 -1.7; -0.1 0.035

Dam breed x Region? Hereford x Costal S. Baseline
Hereford x Inland S. 0.0 -0.9;0.9 1
Hereford x Western 1.0 -0.1; 2.2 0.085
Hereford x Mid -0.2 -1.1; 0.7 0.641
Hereford x North 0.8 -0.5; 2.1 0.204
Charolais x Costal S. Baseline
Charolais x Inland S. -0.2 -1.1; 0.7 0.733
Charolais x Western 0.0 -1.1;1.2 0.941
Charolais x Mid 0.1 -0.8; 1.0 0.898
Charolais x North 14 0.0; 2.8 0.057
A. Angus x Costal S. Baseline
A. Angus x Inland S. 1.0 -0.1; 2.0 0.079
A. Angus x Western -1.3 -2.6; 0.1 0.04
A. Angus x Mid 0.1 -1.0;1.2 0.863
A. Angus x North 0.7 -0.9;2.2 0.401
Limousin x Costal S Baseline
Limousin x Inland S. -0.2 -1.2;0.8 0.658
Limousin x Western 0.6 -0.6;19 0.322
Limousin x Mid -0.5 -1.6; 0.6 0.384
Limousin x North 0.0 -1.8;1.9 0.982
Simmental x Costal S. Baseline
Simmental x Inland S. 0.6 -0.8;1.9 0.4
Simmental x Western 0.8 -1.2;29 0.418
Simmental x Mid 0.0 -14;14 0.999
Simmental x North -0.3 -2.6; 2.0 0.809
Other?® x Costal S. Baseline
Other® x Inland S. -0.3 -1.4;09 0.654
Other® x Western —0.1 -15;13 0.881
Other? x Mid 0.3 -0.8;1.5 0.58
Other?® x North 14 -04;3.2 0.139

Birth season February-July Baseline
August-January -0.5 -0.7; -0.4 <0.001

Parity of dam*® 1st Baseline
2nd -04 -0.5; -0.2 <0.001
3rd -0.6 -0.8; -0.5 <0.001
4th -0.3 -0.5; -0.1 <0.001
5th -0.3 —-0.5; 0.1 0.009
6th -04 -0.6; -0.1 0.002
>6th 0.1 -0.1;03 0.5

Variance herd 14.2 12.6; 15.8

Variance cow 3.8 3.5;4.1

Variance residual 174 17.4;17.0

2 Includes crossbreds, unknown breeds, Dexter, Galloway, Blonde d’Aquitaine, Highland cattle and various local breeds.

b [RT=P<0.01.

¢ LRT=P<0.001.

4 LRT=P<0.001.

¢ LRT=P<0.001.

shown in Fig. 1. Calves of Norwegian Red, Charolais, Aberdeen than equivalent calves from all other regions—this effect was most
Angus and “Other” born in the western part of Norway were lighter pronounced for Aberdeen Angus calves. Calves from Charolais dams
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Fig. 1. Estimated birth weights (kg) of spring-born male calves born to first parity cows for combinations of breed and region. Estimated birth weights were based on the
multivariable adjusted estimates from the mixed-effects linear regression model in Table 3 (n=9903).

were heaviest, except those born in Western Norway where Here-
ford calves were heaviest. Both the herd and cow random effects
were highly significant. Herd explained 40% of the variation in birth
weights, whereas 11% of the variation was explained by the cow
level.

3.3. Model including first calving only

Results from the multivariable model including birth weights
for calves born to first parity dams are given in Table 5. The heifer
model was comparable to the full model in that it estimated that
female calves were 2.3 kg lighter than males (P<0.001) and that
calvings in the autumn yielded 0.5 kg lighter offspring (P<0.001).
Calves born to beef breeds were lighter when born to heifers aged
>2.5 years at calving compared to heifers aged <2.5 years at calv-
ing. Other factors significantly influencing birth weights from first
parity animals were breed of dam, age at first calving and region. A
significant interaction term between age at first calving and breed
was present i.e., the effect of age at first calving was dependent
on the breed of the dam. Across all breeds the calves were heavier
when age at first calving was less than (or equal to) 2.5 years of
age, however, the magnitude of the effect differed by breed. Based
on results from the multivariable model, estimated birth weights
were calculated for all combinations of age at first calving and dam
breed (Table 6). The herd random effect was highly significant and
explained 37% of the variation in birth weights.

4. Discussion

The difference in mean birth weight between male and female
calves was found to be 2.3kg in this study, which concurs with
other studies (Andersen and Plum, 1965; Holland and Odde, 1992;
Cundiff et al., 2010). The differences between the breeds regarding
birth weight of calves in this study is also well known and described
(Cundiff et al., 1993). Earlier studies have shown that the weights
of dam and sire are positively correlated with the birth weight of
their offspring (Bennett and Gregory, 1996). This study showed an
interaction between breed and region which might indicate that
certain breeds are better adapted to the climate and geography of
specific regions. This interaction could be further explored for the
purpose of providing better management advice to producers, such
as choosing the best suited breed for each region.

The results show that birth weights of the calves from prim-
iparous animals were higher than birth weights by multiparous
cows. These results contradict the findings of most other studies

which have reported that birth weights of calves born to primi-
parous dams are lighter than to those born to multiparous dams
(Cundiff et al., 1992, 2010; Holland and Odde, 1992; Colburn et al.,
1997; Johanson and Berger, 2003). Birth weights are related, among
other factors, to gestation length and heifers normally have shorter
gestation lengths than cows (Andersen and Plum, 1965; Johanson
and Berger, 2003). Gestation length data were unavailable in the
studied dataset and this association could not be explored further.
It is possible that the retrospective method in which cows were
included in this study has introduced some bias because of an age-
period-cohort effect. The number of animals in the NBCRS database
increased considerably during the study period from 63% to 78% of
the suckler cow population (Animalia, 2013a) primarily due to leg-
islative changes in Norway. Inclusion criteria for this study was that
the dam had been slaughtered between January 2010 and January
2013, and that the cow came from a herd in the NBCRS database.
Therefore, more primiparous animals became eligible for inclusion
during the study period. Higher calf birth weight is a known risk
factor for dystocia in heifers and adult cows (Nix et al., 1998; Berry
et al., 2007) and the risk of slaughter in heifers is higher after dys-
tocia (Rogers et al., 2004; Szab6 et al., 2009). Consequently, the
observed higher birthweights of calves born from the slaughtered
heifers might be an effect of the expanding NBCRS-membership
across the study-period and an over-representation of primiparous
animals being culled following dystocia due to high birthweights. In
order to try to account for this potential bias the variable of ‘slaugh-
ter in parity X’ was added to the multivariable model. However, the
tendency for heavier calves being born to animals calving for the
first time was still seen (analysis not shown).

In this study, calves born in the spring were heavier than those
born in the autumn. This is consistent with earlier studies, where
autumn born calves were lighter than the spring born calves in
temperate zones (Johanson and Berger, 2003; Cundiff et al., 2010).
However, other studies have reported that autumn born calves are
the heaviest (Andersen and Plum, 1965; Holland and Odde, 1992).
Researchers in Nebraska reported that calves born in colder cli-
mates were heavier than calves born in warmer climates (Colburn
etal., 1997; Deutscher et al., 1999). The highest mean birth weights
in this study were seen in the regions with the coldest climate, but
this effect could also be mediated through regional differences in
herd management factors such as feeding strategies and time of
housing the herd for the winter.

Generally, this study found that the lowest birth weights were
found in Western Norway and the highest in Mid-Norway. The Nor-
wegian regions are naturally divided by geography, and the climate,
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Variables significantly associated with birth weights of Norwegian beef calves born to primiparous animals. Multivariable estimates, 95% confidence intervals (CI) and P-
values from a multilevel linear regression model. A herd random effect was applied to account for intra-herd correlation. The analysis included calves born from 8738 heifers

from 1098 Norwegian beef herds.

Variable Levels Estimates 95% Cl P
Intercept 44.8 44.2;45.5 <0.001
Sex Male Baseline
Female -2.3 -2.5; -2.1 <0.001
Region of Norway" Costal Southeast Baseline
Inland Southeast 0.1 -0.6; 0.8 0.771
Western -0.8 -1.6; 0.0 0.048
Mid 0.8 -0.1; 1.5 0.028
North 0.4 -0.6;1.4 0.405
Dam breed* Norwegian Red Baseline
Hereford 0.1 -04; 0.6 0.635
Charolais 0.8 0.3;13 0.003
Aberdeen Angus -0.8 -14;-0.2 0.008
Limousin 0.6 0.1;1.2 0.033
Simmental 0.5 -03;1.3 0.229
Other? -0.2 -0.8;0.5 0.634
Age of dam at first <2.5years Baseline
calving >2.5 years -0.5 -14;04 0.263
Dam breed x age at first calving? Hereford x >2.5 years -0.8 -1.9;0.3 0.147
Charolais x >2.5 years -0.3 -1.3;0.7 0.555
A. Angus x >2.5 years -0.1 -1.3;1.1 0.870
Limousin x >2.5 years -1.7 -2,8; -0.7 0.002
Simmental x >2.5 years -0.8 -2.2;0.7 0.311
Other® x >2.5 years -1.6 -2.9;-0.2 0.021
Birth season February-July Baseline
August-January -0.5 -0.8; -0.3 <0.001
Variance herd 124 10.8; 14.3
Variance residual 21.5 20.1; 22.2

2 Includes crossbreds, unknown breeds, Dexter, Galloway, Blonde d’Aquitaine, Highland cattle and various local breeds.

b LRT: P<0.001.
¢ LRT: P<0.005.
d LRT: P<0.001.

Table 6

Estimated birth weights (kg) of spring-born male calves for combinations of age at first calving and breed. Estimated birth weights were based on the multivariable estimates

from the mixed-effects linear regression model in Table 5 (n=8738).

Age at calving Breed

Norwegian Red Hereford Charolais Aberdeen Angus Limousin Simmental Other?
<2.5years 443 439 44.6 43.0 44.4 443 43.7
>2.5 years 43.8 43.1 443 429 42.7 43.5 421

@ Includes crossbreds, unknown breeds, Dexter, Galloway, Blonde d’Aquitaine, Highland cattle and various local breeds.

pasture use, and the soil mineral content differs between regions.
Western Norway has the mildest climate with smaller temperature
differences between the seasons, temperatures rarely drop below
0°Cand the levels of precipitation are high. The Mid-Norway region
has greater differences in seasonal temperature, similar to those in
eastern Norway, but higher precipitation and windier conditions
are found here than in eastern Norway during the autumn (Anon.,
2015). The effect of cold stress elevates the levels of the nutri-
tional substances in the blood due to increased metabolism (Young,
1975), and increases the demand for energy. This might be partic-
ularly relevant if pregnant cattle are still in growth (Arango et al.,
2002) and could potentially contribute to the differences in birth
weights between breeds in different regions because the heavier
breeds are expected to reach mature weight later. The observed
interaction between breed and age at first calving might also be an
effect of the different age at which lighter and heavier breeds reach
mature weight. Regional differences in macro- and trace mineral
concentration in pasture plants (Sivertsen et al., 2015) might also
contribute to regional differences in calf birth weights.

The herd effect was large in this study, and could be influenced
both by genetics and environment. The prevalence of use of artifi-
cial insemination (Al) in Norwegian beef cattle management is low,
with less than 20% of cows receiving Al across all breed categories
(Animalia, 2013a). Widespread use of local bulls might lead to a
higher degree of shared genetic material within a beef suckler oper-
ation than what is common in Norwegian dairy herds, where Al use
is almost 85% (Geno, 2013). Differences in management, including
Al use, are hence likely to be important drivers behind the large herd
effect observed. The direct heritability of birth weight is estimated
to be between 30 and 50% (Simm, 1998; Eriksson et al., 2004). In
this study, the paternal effect is included in the herd effect because
the extensive use of on-farm bulls made it impossible to investi-
gate the effect of sire and herd separately. The full model estimated
that 11% of the variation in birth weights could be attributed to the
effect of dam, controlling for breed, region, season, parity and sex
(Table 4). The maternal heritability of birth weights is estimated
to be 8-15% (Eriksson et al., 2004). Thus, the importance of choos-
ing good breeding animals in beef suckler operations, and keeping
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good records of cow (and offspring) performance is a valuable tool
for the herd in the animal selection process.

It can be assumed the study sample represents the Norwegian
beef suckler population reasonably well. The database included
78% of beef suckler cows and 57% of the beef herds. Herds were
located throughout Norway which makes the results relevant for
the national beef cattle population. The results might also apply
to small-scale beef suckler herds in other temperate areas. Mem-
bership in the NBCRS is voluntary and members might typically
have a greater focus on production goal improvement compared to
non-member producers. Thus, our sample of herds might be biased
towards including farms that were more focused on production
targets than the ‘average’ producer. However, non-members are
probably less likely to be in the target group when herd advisors
seek to implement changes in management based on new knowl-
edge gained from investigations based on the NBCRS database.

Data quality is essential when using secondary data, such as this
registry. Only about 50% of calvings were recorded with a birth
weight in the NBCRS database, and it is not known if the values
are missing at random or if systematic lack of reporting is causing
bias. The extent of weighing in beef herds might be linked to the
level of “professionalism” of the herd because the recording of birth
weights is done on a volunteer basis. It is also possible that farmers
will report weights from only the best (heaviest) calves, especially
if they plan on selling these animals. If the practice of selecting the
“best” calves for weighing occurs more commonly in heifers, this
might provide a potential explanation for the contradictory find-
ing of primiparous animals producing heavier offspring than older
cows. Even though the sex differences in birth weights are consis-
tent with other studies, which increases the plausibility of the data,
it is important to appreciate that the database has not been vali-
dated for use in research in the same way as the Norwegian Dairy
Herd Recording System (Espetvedt et al., 2013). Formal validation
of the NBCRS database would improve the certainty of the results
of this, and other studies based upon it.

5. Conclusion

A large proportion of the variation in beef suckler birth weights
was attributed to the herd and cow random effects. Further, birth
weights of beef calves in the NBCRS were influenced by sex of the
calf, breed of dam, parity, age at first calving, season and region. The
choice of the right breed for the different regions and conditions
will be one of several management choices to considerer in order
important consideration to achieve optimal birth weights.
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ABSTRACT

A retrospective cohort study was performed to evaluate factors associated with lifetime calf
production in Norwegian beef suckler herds. Production data from 20,541 cows in 2210 herds
slaughtered over a three-year period (1st of January 2010 to 23rd of January 2013) were extracted
from the national beef cattle registry. This study’s inclusion criteria were met for 16,917 cows
(1858 herds) which gave birth to 50,578 calves. The median number of calves born per cow was
2 (min 1, max 18). The early maturing breeds (Hereford and Aberdeen Angus) had a higher
lifetime calf production than the late maturing breeds (Charolais and Limousin). Two multilevel
Poisson regression models with herd random effects showed that early maturing breeds had
higher lifetime calf production than late maturing breeds in all areas of Norway. A significant
breed-region interaction indicated that the coastal South East region of Norway (which has a
relatively long growing season and gentle topography) yielded the highest lifetime production for
all but one breed (Simmental). Cows that needed assistance or experienced dystocia at their first
calving had a lower lifetime calf production than those that did not: incidence rate ratio 0.87
(0.84-0.91) for assistance and 0.70 (0.66-0.75) for dystocia, respectively. Cows in larger herds
(>30 cows) produced 11% more calves in their lifetime compared to cows in smaller herds (<30
cows) (P<0.001). The study found large inter-herd variation indicating systematic differences in
herd level factors influencing lifetime calf production. The herd random effects were large and
highly significant, suggesting that unmeasured factors at the herd level were responsible for a
high amount of the unexplained variation in the number of calves born. In conclusion,
appropriate breed selection for a farm’s environment affects lifetime calf production in

Norwegian suckler herds.
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1. Introduction
Specialized beef production is a relatively new enterprise in Norway, because the dual-purpose
Norwegian Red breed has historically produced meat for the domestic market. However,
increasing milk yields per cow have resulted in a reduction in the Norwegian dairy cow
population which led to a net import of 22,000 tons of beef (29% of consumption) in 2015
(Animalia, 2016a). Self-sufficiency in beef production is considered desirable by the government
of Norway, for food security reasons as well as to distribute employment-opportunities
throughout the country (Animalia, 2013a). Consequently, considerable economic support is
provided to Norwegian beef producers (Aby et al., 2012a). The financial support and changing
market place have created a specialized, but immature, beef industry in Norway that functions
parallel to the combined, established, milk and beef production that has dominated Norwegian
agriculture for decades (Martin, 2015). Between 1990 and 2015 the number of herds with
specialized beef production increased from 1841 to 4851 (Statistics Norway, 2015). The herds are
typically small, family-run farms and the average herd size in 2012 was 13 cows (Statistics
Norway, 2015). The four most numerous beef breeds in Norway are Charolais, Hereford,
Limousin and Aberdeen Angus (Animalia, 2013b). The majority of animals are finished for
slaughter on the farm of their birth, although a handful of rearing and finishing herds do exist.
Average slaughter age and weight of young bulls is 16.4 months and 322 Kg, respectively
(Animalia, 2016b). The corresponding averages for heifers are 16.6 months and 237 Kg
(Animalia, 2016a).

Production efficiency in all cow-calf operations is dependent on the successful rearing of
calves for both slaughter and replacement of breeding stock, each cow’s lifetime production, and

efficient use of resources. A cow’s lifetime calf production depends on, amongst other things, her
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longevity and reproductive performance. Lifetime production can be defined as a cow’s output in
terms of number of calves born, number of calves weaned or total calf weaning weight (Arthur et
al., 1993). Each of these lifetime production-parameters are important when trying to understand
how production can be increased and made more efficient.

A Norwegian study of functional and production traits of beef suckler cows found that
longevity was the most important economic trait in beef suckler production (Aby et al., 2012b).
The importance of longevity in beef suckler production is supported by other studies (Perry and
Cushman, 2013; Diskin and Kenny, 2014). However, without production, longevity is a poor
measure of success. Good reproductive performance is essential for a suckler cow operation to be
economically viable (Diskin and Kenny, 2014). Total lifetime calf production is the result of
longevity and reproductive performance, which makes it interesting to study. Increasing total
lifetime calf production has been shown to increase efficiency and decrease the environmental
impact of beef suckler farming (Ogino et al., 2007).

Age at first calving is a key performance indicator in beef production systems. At calving,
animals should be of sufficient size and maturity to be able to calve without difficulty, suckle
their calf, and gain weight whilst returning rapidly to estrus after parturition. There is some
debate as to the optimal time to calve beef heifers. Chapman et al. (1978) reported no differences
in lifetime production in purebred Hereford cows calving at two or three years of age.
Meanwhile, NUfiez-Dominguez et al. (1991) reported that crossbred beef cows calving at two
years of age for the first time gave birth to 1.1 more calves and weaned 138 kg more in their
lifetime compared to those that calved for the first time at three years of age. Typically, economic
efficiency calculations favor calving at two instead of three years of age (NUfiez-Dominguez et
al., 1991).

Inadequate maternal size at first calving is a risk factor for dystocia (Turner et al., 1992),
which again is a risk factor for death of both the dam and her progeny (Rogers et al., 2004). If
heifer growth rates are to be such that heifers reach adequate size when calving at two years of
age poor quality forage must be supplemented with more expensive and more concentrated forms
of energy (wheat, barley, compounded concentrates). The climatic conditions, and so quality of
roughage, vary considerably between the different regions of Norway. A recent Norwegian study
showed that there was a significant effect of breed and region regarding calf birth weight (Nelson

et al. 2016). Late maturing, ‘intensive’, breeds require a greater nutritional input to reach optimal
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size at first calving than the early maturing, ‘extensive’, breeds. Calving at two years of age
might not be beneficial in for all breeds in all the regions of Norway when the consequences
calving undersized heifers, e.g. increased dystocia, increased calf mortality, increased culling,
and reduced reproductive performance, are accounted for (Nix et al., 1998; Zaborski et al., 2009).
Thus limited resources, insufficient quality of roughage available to obtain adequate weight for
calving at two-years of age, in combination with suboptimal choice of breed for the given
conditions, could be a limiting factor for longevity and production in Norwegian beef suckler
herds.

Beef suckler production is an immature, rapidly expanding sector in Norwegian
agriculture. Currently little is known about the impact of factors associated with Norwegian beef
production. This knowledge is essential if the efficiency and production of Norwegian beef
suckler herds is to increase. The aims of this study were to estimate the lifetime calf production
of Norwegian beef suckler cows and evaluate factors influencing lifetime calf production. The
factors investigated were region, breed of the dam, age at first calving, calving ease at first

calving, twinning and mean calving interval.

2. Materials and methods
2.1 Data source

Data were extracted from the Norwegian Beef Cattle Recording System (NBCRS).
Membership in the NBCRS is voluntary. In 2012, 57% (2428 herds) of Norwegian beef suckler
herds were enrolled, comprising 78% of the Norwegian beef suckler cow population (Animalia,
2013a). The database included individual animal information such as a unique identification
number, date of birth, pedigree, breed, sex, calving ease, date of slaughter or death for other

reasons, and when slaughtered, information on carcass weight and quality.

2.2. Study design and study sample

A retrospective cohort study was performed using data from the NCBRS on all adult cows
slaughtered in a three year period (1st of January 2010 to 23rd of January 2013), including data
on their offspring. The data were screened for obvious typing errors and duplicates, and when
found, these were omitted. Heifers calving under 18 months old or those over 42 months old that

calved for the first time were excluded from the study as they were considered atypical. Cows
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exhibiting one or several calving intervals <300 days were also excluded. Cows from herds in

which herd size could not be retrieved were excluded.

2.3. Outcome and explanatory variables

The outcome variable in this study was the total number of calves born to beef suckler
cows in their lifetime. A variable identifying county was derived from the herd identification
number, which contains the county number. The 19 counties of Norway were grouped into five
regions as shown in Fig.1 — North Norway, Mid Norway West Norway, Inland Southeast Norway
and Costal Southeast Norway. The original breed variable was retained for the most numerous
breeds; Norwegian Red, Hereford, Charolais, Aberdeen Angus, Limousin and Simmental, while
the less numerous purebred and crossbred animals were merged into a pooled category. Age at
first calving was defined by subtracting date of birth from first calving date. Calving interval was
defined by subtracting the date of a calving from the subsequent date of calving, and mean
calving interval across the cow’s lifetime was calculated. The number of twin events indicates the
number of twin sets born to each cow in her lifetime. Calving ease is recorded in the NBCRS as

either “‘normal’’, ““assisted’’, ‘‘dystocia’’ or “unknown”.

2.4. Statistical methods

2.4.1 Data handling and univariable analysis
Generation of the initial dataset from the NBCRS was performed using SAS 9.2 (SAS

Institute Inc., Cary, NC, USA). Further data management and statistical analysis was performed
using Stata (Stata SE/14, Stata Corp., College Station, TX, USA). Region, breed and calving ease
were treated as categorical variables in the analysis, using Coastal Southeast Norway, Hereford
and “normal”, respectively, as reference groups. Herd size was initially grouped into six equally
sized groups and treated as a categorical variable. Age at first calving was dichotomised at 2.5
years. The variable indicating the number of twin births was grouped into 0, 1, 2 and >2. Mean
calving interval was treated as a continuous variable.

A Poisson model was used for testing univariable relationships between each of these
explanatory variables and the outcome. The effect-measure was the incidence rate ratio (IRR).
Variables associated with the outcome with a P-value <0.2 were tested in a multivariable Poisson

model. Cows within a herd were not expected to be independent of each other and therefore a
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herd random effect, assuming a compound symmetry correlation matrix, i.e. constant correlation

between cows within a herd, was applied.

2.4.2. Multivariable analysis

Two multilevel Poisson regression models (mepoisson) were built, both with herd random
effects; one model including all cows and a second model using only the subset of multiparous
cows. In the latter model, mean calving interval was included as an explanatory variable.
Variables were tested in the multilevel Poisson models with a manual backwards stepwise
regression strategy until all included variables were significant at a P-value of <0.01. Potential
confounding variables were identified a priori through the construction of a causal diagram.
Variables considered to be potential confounders were tested by running the model with and
without the variables in question while changes in estimates were explored. Overall significance
of groups of categorical variables, e.g. breed and region, were tested using likelihood-ratio tests.
Biologically plausible interaction effects between statistically significant explanatory variables
were tested by adding interaction terms to the main-effects model. The cut-off for keeping an
interaction term in the model was set to P<0.01. A random effects negative binomial model
allows for extra-Poisson variation and was applied given the distribution of the outcome.
However, the overdispersion parameter (a) was close to zero, thus the Poisson model was
considered more appropriate.

Post regression, the predicted number of events was calculated. The final model was rerun
in a generalized linear mixed model to obtain standardized residuals at cow and herd level.
Standardized residuals were plotted against the predicted number of events at all levels of the
model in question to check for potential outliers. The amount of unexplained variance at herd-
and cow-level was calculated for all combinations of predictor variables using the exact formula
given by Dohoo et al. (2009).

3. Results

3.1. Source population and study sample

The source population consisted of 20,541 cows slaughtered between 2010 and 2013, and their
62,813 offspring. Fig.2 shows the number of calvings, beef suckler cows and herds that were

excluded from the initial data file to obtain the study population, and gives brief descriptions of
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the reasons for exclusion. This study’s inclusion criteria were met for 16,917 cows that gave rise
to 50,578 calving events in total, out of which 1076 calvings produced twins and 5 yielded
triplets.

3.2. Descriptive findings

The distribution of the number of calves born to each cow in her lifetime (the outcome
variable) is shown in Fig.3. The median number of calves born to each cow was 2 (min 1, max
18) calves. Age at first calving is shown in Fig.4. The median age of cows at slaughter was 3.8
(min 1.5, max 17). The herds were located throughout the country. The mean herd size was 24
cows (median 19, interquartile range 12 to 31), whereas the mean number of slaughtered adult
cows per herd during the three-year period was 9 (median 6, interquartile range 3 to 12).
Distribution of cows included in the study by various characteristics and the median and

maximum number of calves born to each cow within each category are shown in Table 1.

3.3 Multivariable models

Results from the multivariable model including all cows are given in Table 2. A
significant interaction term between breed and region of Norway was present, i.e. the effect of
breed of cow on the number of calves born to each cow was dependent on the cow’s location.
Based on results from the multivariable model including the interaction term, incidence rate
ratios (IRR) were calculated for all combinations of breed and region of Norway (Fig.5). The
number of calves born to each cow was highest in coastal parts of Eastern Norway for all breeds,
except Simmental. Limousin cows had the lowest number of calves born irrespective of region,
whereas Charolais cows had the second lowest in all areas except the Costal Southeast region.
Both Limousin and Charolais had particularly low production in the North and West regions.

The model estimated that a single twin event resulted in 76% more calves born, while
more than one twin event resulted in 234% more calves born (P<0.001). Cows assisted or
experiencing dystocia at their first calving had a lower number of calves born: IRR (95% CI) 0.87
(0.84-0.91) and 0.70 (0.66-0.75) respectively, compared to cows without. Cows that belonged to
herds larger than 30 cows gave birth to 11% more calves in their lifetime compared to cows in
smaller herds (P<0.001). Whether cows were under or over 2.5 years old at first calving did not

affect the number of calves born when herd random effects were included. The herd random
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effect was highly significant, and the amount of unexplained variation at the herd level in small
herds (<30 cows) ranged from 23% for Limousin in Northern Norway to 29% for Charolais in the
Southeast Inland. For large herds (>30 cows), the amount of unexplained herd-level variation
ranged from 51% for Limousin in Northern Norway to 58% for Charolais in Inland Southeast.

To estimate of the effect of mean calving interval on the number of calves born, a model
including only multiparous cows was built. The model included the same explanatory variables
as the model shown in Table 2, however an additional variable accounting for the mean calving
interval across lifetime was added (Table 3). The range of mean calving interval across the
interquartile range was 359 to 410 days, and the estimated IRRs at the 25" percentile and 75"
percentile were 0.81 and 0.78, respectively.

4. Discussion

Region and breed were both found to have a significant effect on a cow’s lifetime calf
production and have previously been found to effect other performance traits in Norwegian beef
cattle (Nelson et al.,2016). The two early-maturing breeds (Hereford and Aberdeen Angus) had
the highest lifetime calf production (median 3) compared to the other breeds in this study (median
2). Furthermore, a significant region-breed interaction was found in the multivariable Poisson
model indicating that breed differences in performance will vary by region. However, when
regional and breed differences were accounted for the late-maturing Limousin had the lowest
lifetime calf production in all regions of Norway. Charolais cows produced the second lowest
number of calves throughout their lifetime in the three regions which topographically (North and
West characterized by steep hilly/mountainous pastures with meagre levels of top soil), and
climatically (Inland Eastern Norway with a short growing season) pose challenges to cattle
production. The ability of heavy, late-maturing breeds to adapt to Norwegian conditions appears
to be lower than for lighter, earlier maturing breeds.

The Norwegian climate and topography leads to a grazing season that is short compared
to many parts of the world. This means that suckler cow production in Norway is heavily
dependent on conserved forage, which can be of variable quality because of the changeable
nature of the weather and short harvesting season. This study has shown that the successful
suckler breeds in Norway are the smaller, early-maturing breeds. The early-maturing breeds have

lower maintenance energy requirements, and require less energy to improve body condition in the
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pre-breeding and breeding season, which means their reproductive performance, as measured by
lifetime calf production, is likely to be better than for the heavier breeds (Arango et al., 2002;
Richards et al., 1986). Aberdeen Angus and Hereford cattle also have a relatively high voluntary
feed intake capacity and a good capacity to efficiently maintain weight when energy intake is
restricted compared to Limousin and Charolais cattle (Taylor et al., 1986). The variable quality of
Norwegian forage make these traits important. Calf production is the first step in the production
chain and although it is important, this study does not provide enough evidence to recommend
that Norwegian suckler production should rely exclusively upon the extensive breeds. However,
this study shows that early-maturing breeds of cattle produce more calves in their lifetime than
late-maturing breeds under Norwegian conditions.

More than half of all suckler cows in this study produced two or fewer calves in their
lifetime. Whilst there is debate as to the optimal method of producing suckled beef (Lowman and
Vickers, 2015; Seidel and Whittier, 2015) traditional cow-calf systems require suckler cows to
have produced between 3 and 5 calves before they have repaid their rearing costs (Patterson et
al., 1992). Thus, the performance of the animals in this study is suboptimal. The modal average
for number of calves born in the lifetime of a Norwegian suckler cow was one. Dystocia is major
cause of early culling of animals either directly, as emergency slaughter or euthanasia during
parturition, or indirectly, caused by inadequate post-partum reproductive performance (Nix et al.,
1998; Zaborski et al., 2009). These problems are closely related to poor nutrition both before and
after service of nulliparous heifers.

In this study, moderate or severe dystocia at first calving reduced lifetime calf production
by 13% and 30%, respectively. Fetal maternal disproportion is the most common cause of
dystocia in calving beef heifers (Johnson et al., 1988; King, 1993). There are two primary causes
of feto-maternal disproportion; i) a relatively oversized calf, ii) a relatively undersized heifer.
Incorrect bull selection is a likely cause of calving problems in heifers in small herds using
natural service, as the bull used is likely to be used to serve both multiparous cows and
nulliparous heifers. Inadequate heifer growth prior to service results in increased incidence of
feto-maternal disproportion. The climate and topography of Norway means that the forage fed to
nulliparous heifers before service may be inadequate for them to achieve target weights (65% of
mature body weight) at service aged 14-15 months (planned first calving at 24 months).

Therefore, it might have been expected that older, larger, animals experienced less dystocia at

10
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first calving and therefore had a longer productive life in the herd than younger, smaller animals
(Hickson, 2010). Univariable analysis performed, but not reported, in this study showed that
animals calving below 2.5 years were twice as likely to experience dystocia than older animals
(OR 2.1, p<0.001). However, the multivariate model showed that once factors other than age
were accounted for, age at first calving was not related to lifetime calf production.

Subsidies account for over 60% of a Norwegian beef farmer’s income (Aby et al., 2012a)
the majority of these subsidies are not linked to production (Aby et al., 2012b; Animalia, 2013a).
The current subsidy payments combined with the the fact that animals slaughtered as young cows
recieve a premium compared to older cows in Norway means that the finacial incentive to
address inefficiencies, and increase lifetime calf poduction, on an individual farm might not exist.

It is unclear why cows in larger herds had a higher lifetime calf production compared to
cows in smaller herds in this study. Previous studies in the Norwegian dairy sector have shown
herd size to be positively correlated with reproductive performance and suggested that improved
management practices are the reason for this relationship (Simensen et al., 2010). An alternative
explanation might be that larger herds have been in a period of expansion and have kept cows on
the farm longer than their counterparts that have not expanded (Roberts et al., 2015). It is possible
that larger herds are located in areas with a climate and topography more favorable to grass-, and
therefore cattle-production, or simply that those with larger herds are more experienced, better,
stockmen.

Unsurprising findings of this study were that mean calving interval and occurrence of
multiple births (twins and triplets) affected lifetime calf production. The median lifetime calf
production found in this study was low (two calves) meaning that a multiple birth would have at
least matched the population median level of production. Additionally, incidence of multiple
births increases with parity such that the older cows (which had produced more calves) would be
more likely to have experienced twinning (Rutledge, 1975). Shortened or extended calving
intervals were found to negatively affect lifetime calf production. Presumably as calving intervals
below 365 days are likely to be associated with fetal loss, a risk factor for culling. Also, extended
calving intervals are likely to be related to management deficiencies not consistent with efficient
production.

In line with other studies that have used the NBHRS database (Nelson et al., 2016) this
study found that the effect of herd was large. The herd effect will encompass all unmeasured
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herd-level management factors including heifer rearing, genetic effects and management strategy.
Furthermore, the change that the Norwegian beef industry is undergoing (Martin, 2015) increases
the likely differences between herds, as some farmers look to expand their businesses while
others aim to keep going until they quit production at, or before, retirement age. Currently, there
is a paucity of information available regarding Norwegian beef suckler farming systems, and this
knowledge gap should be addressed by future studies. The large herd effect also indicates that
there is likely to be a need for improving skill levels of producers and their advisors if increased
productivity among beef suckler herds in Norway is to be achieved.

The NBHRS is a voluntary recording scheme run for the beef industry by the industry funded
body Animalia (www.animalia.no). The database included 78% of beef suckler cows and 57% of

the beef herds in Norway. Herds were located throughout the country, which should provide
acceptable external validity. However, farmers owning the herds enrolled in the recording system
might have a greater focus on production goals compared to non-member farmers. Thus, our
sample of herds might tend to be biased by including farms that were, on average, somewhat
better managed than the average national herd. The variables analyzed in this study are largely
required to be recorded by law, e.g. date of birth, date of death, location, and should therefore be
considered reasonably reliable. An exception is the variable “calving ease” which included in
total 14% missing values. Calving ease is classified by the farmer as ‘‘normal’’, ““assisted’”’,
““dystocia’’ and “unknown”. The same classification is also used for breeding and management
purposes at the herd level, which means that the farmers are familiar with both its use and value,
and consequently the recorded values were considered reasonably reliable. Ideally, a validation of
the data-quality should be performed before using a secondary database for research purposes, in
order to evaluate the ability of the recording system to capture events in the population
(Emanuelson and Egenvall, 2014). It is likely that the principal findings of this study are
applicable to beef production systems in other temperate areas, although applying direct results

should be performed with caution.
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Table 1

Distribution of the 16,917 beef suckler cows, belonging to 1,858 herds, slaughtered between

January 2010 and January 2013 by various characteristics. The median and maximum number of

calves born to each cow is given for each variable level.

Variable

Level

N (%) of cows

Median (max)
number of calves

Region of Norway

Breed

Age at first calving (yr)

Calving ease at first calving

No. of twin births

Mean calving interval
(days)

Costal Southeast
Inland Southeast

Western
Mid
North

Hereford

Norwegian Red

Charolais

Aberdeen Angus

Limousin
Simmental
Other

<2.5
>2.5

Normal
Assisted
Dystocia
Not known
missing

None
1

2

>2

300-364
365-545
546-3304
missing®

2,842 (17)
6,383 (38)
2,740 (16)
3,738 (22)

1,214 (7)

3,816 (23)
2,716 (16)
3,886 (23)
2,080 (12)
1,922 (11)

824 (5)
1,673 (10)

12,815 (76)
4,102 (24)

11,895 (80)
1,250 (8)
545 (4)
1,172 (8)
2,055

15,980 (94)
814 (5)
105 (0.6)
19 (0.1)

3,929 (36)
6,423 (58)
684 (6)
5,881

3 (15)
2 (15)
2 (18)
2 (14)
2 (14)

3 (15)
2 (13)
2 (15)
3 (18)
2 (14)
2 (15)
2 (14)

2 (18)
2 (14)

2 (18)
2 (13)
1(13)
3(12)

2 (15)
5 (15)
8 (13)
11 (18)

3 (15)
4 (18)
3(9)
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419
420
421
422

YIncludes crossbreds, unknown breeds, Dexter, Galloway, Blonde d’ Aquitaine, Highland cattle
and various local breeds.
2 Percentage distribution does not include missing values.

3 Cows having only one calf in lifetime.
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423
424
425
426
427
428

Table 2

Variables significantly associated with the total number of calves born to Norwegian beef suckler

cows in lifetime. Multivariable incidence rate ratios (IRR), 95% confidence intervals (Cl) and P-

values from a multilevel Poisson regression model. Herd random effect was applied to account

for intra-herd correlation. The analysis included 14,862 beef suckler cows in 1,802 Norwegian

beef herds.

Variable Level IRR 95% Cl of IRR P-value®

Intercept 2.68 2.54 2.84

Region x Breed Inland Southeast x Hereford ref.! <0.0001
Inland Southeast x Norwegian Red 0.99 0.93 1.06
Inland Southeast x Charolais 0.84 0.79 0.89
Inland Southeast x A Angus 0.94 0.88 1.01
Inland Southeast x Limousin 0.82 0.76 0.88
Inland Southeast x Simmental 1.02 0.93 1.12
Inland Southeast x Other? 0.96 0.89 1.03
Costal Southeast x Hereford 1.16 1.06 1.27
Costal Southeast x Norwegian Red 1.08 0.97 1.19
Costal Southeast x Charolais 1.05 0.96 1.16
Costal Southeast x A Angus 0.98 0.87 1.10
Costal Southeast x Limousin 0.94 0.84 1.05
Costal Southeast x Simmental 0.96 0.79 1.16
Costal Southeast x Other? 0.96 0.86 1.08
Western x Hereford 0.83 0.75 0.92
Western x Norwegian Red 0.84 0.77 0.92
Western x Charolais 0.77 0.69 0.86
Western x A Angus 0.94 0.85 1.04
Western x Limousin 0.63 0.55 0.72
Western x Simmental 0.87 0.73 1.04
Western x Other? 0.81 0.73 0.90
Mid x Hereford 0.87 0.80 0.95
Mid x Norwegian Red 0.94 0.86 1.03
Mid x Charolais 0.83 0.76 0.90
Mid x A Angus 0.87 0.78 0.97
Mid x Limousin 0.79 0.70 0.88
Mid x Simmental 0.83 0.73 0.95
Mid x Other? 0.83 0.74 0.92
North x Hereford 0.87 0.77 0.99
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429
430
431
432
433

Calving ease
at first calving

No of twin births

Herd size

Random effect
variances

North x Norwegian Red
North x Charolais
North x A Angus

North x Limousin
North x Simmental
North x Other?

Normal
Assistance
Dystocia
Not known

None
1
>2

<30
>30

Herd

0.81
0.74
0.86
0.60
1.01
0.82

ref. !
0.87
0.70
1.20

ref. !
1.76
2.34

ref.
1.11

0.14

0.70
0.63
0.74
0.48
0.78
0.70

0.84
0.66
1.14

1.70
2.18

1.06

0.13

0.94
0.86
1.00
0.76
1.31
0.97

0.91
0.75
1.25

1.83
2.52

1.16

0.16

<0.0001

<0.0001

<0.0001

!Reference category

2Includes crossbreds, unknown breeds, Dexter, Galloway, Blonde d’Aquitaine, Highland cattle

and various local breeds.

3 Significance level (Likelihood ratio test) of main effects or combined effects.
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435
436
437
438
439

Table 3

Variables significantly associated with the total number of calves born to multiparous Norwegian

beef suckler cows in lifetime. Multivariable Incidence rate ratios (IRR), 95% confidence intervals

(CI) and P-values from a multilevel Poisson regression model. Herd random effect was applied to

account for intra-herd correlation. The analysis included 9,617 beef suckler cows in 1,524

Norwegian beef herds.

Variable Level IRR 95% Cl P-value®

Intercept 4.67 4.37 5.00

Region x Breed Inland Southeast x Hereford ref.? <0.0001
Inland Southeast x Norwegian Red 0.99 0.93 1.06
Inland Southeast x Charolais 0.93 0.88 0.99
Inland Southeast x A Angus 0.97 0.91 1.05
Inland Southeast x Limousin 0.93 0.86 1.01
Inland Southeast x Simmental 1.03 0.94 1.13
Inland Southeast x Other? 0.98 0.90 1.05
Costal Southeast x Hereford 1.11 1.03 1.20
Costal Southeast x Norwegian Red 1.12 1.02 1.24
Costal Southeast x Charolais 1.09 1.01 1.18
Costal Southeast x A Angus 1.02 0.91 1.14
Costal Southeast x Limousin 1.06 0.96 1.17
Costal Southeast x Simmental 0.87 0.72 1.05
Costal Southeast x Other? 1.06 0.95 1.17
Western x Hereford 0.92 0.84 1.02
Western x Norwegian Red 0.86 0.79 0.94
Western x Charolais 0.88 0.79 0.98
Western x A Angus 1.05 0.96 1.14
Western x Limousin 0.75 0.66 0.86
Western x Simmental 0.90 0.76 1.06
Western x Other? 0.89 0.80 0.98
Mid x Hereford 0.90 0.83 0.98
Mid x Norwegian Red 0.90 0.83 0.98
Mid x Charolais 0.89 0.82 0.96
Mid x A Angus 0.93 0.84 1.02
Mid x Limousin 0.89 0.80 0.99
Mid x Simmental 0.86 0.76 0.98
Mid x Other? 0.87 0.78 0.96
North x Hereford 0.94 0.84 1.05
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440
441
442
443

Calving ease
at first calving

No. of twin births

Herd size

Mean calving interval

North x Norwegian Red
North x Charolais
North x A Angus

North x Limousin
North x Simmental
North x Other?

Normal
Assistance
Dystocia
Not known

None
1
2

<30
>30

0.93
0.90
0.91
0.72
1.00
0.87

ref. !
0.94
0.95
1.09

ref. !
1.46
1.94

ref.
0.99

1.07

0.81
0.78
0.79
0.56
0.76
0.74

0.90
0.88
1.04

1.40
1.80

0.99

1.03

1.07
1.05
1.04
0.92
1.31
1.04

0.98
1.02
1.14

1.51
2.08

0.99

1.12

<0.0001

<0.0001

<0.0001

<0.0001

!Reference category

2Includes crossbreds, unknown breeds, Dexter, Galloway, Blonde d’Aquitaine, Highland cattle

and various local breeds.

3 Significance level (Likelihood ratio test) of main effects or combined effects.
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444  Figure captions:
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448

Fig. 2. Selection of study sample

Extracted from the NBCRS: 62,813 calf records from 20,541 beef suckler cows slaughtered between January 2010
and January 2013 belonging to 2,210 herds

Excluded:

24 duplicate calf records

826 calf records from 292 beef suckler cows registered
with age at first calving <18 months

6,331 calf records from 2,160 beef suckler cows
registered with age at first calving >42 months

1,217 calf records from 226 beef suckler cows where
one or more calving interval were <300 days

3,837 calf records from 946 beef suckler cows
belonging to herds where herd size was missing

Not in model:

2,055 beef suckler cows records where calving ease at
first calving was missing

56 herds where records of calving ease at first calving
was missing completely

Not in model:
* 5,245 beef suckler cows beef suckler cows that had

only one calf in their lifetime

* 278 herds that had slaughtered only cows that had one

calf in their lifetime

A

Study sample: 16,917 beef suckler cow records from

1,858 herds including 50,578 calves born

Cow model multiparous and primiparous :
14,862 beef suckler cow records from 1,802 herds

'

Cow model multiparous:
9,617 beef suckler cow records from 1,524 herds
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449  Fig. 3. Distribution of 17.863 beef suckler cows in Norway by lifetime production (total number

450  of calves born to each cow)
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452  Fig. 4. Age at first calving (years)
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458

Fig. 5. Estimated lifetime production of cows that belonged to herds<30 cows, had a normal first
calving and no twins in lifetime for the combinations of breed and region. Estimated lifetime
production were based on the multivariable estimates from the mixed-effects Poisson model in
Table 2 (n=14.862)
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