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Abstract

Modern dairying uses sophisticated data collection systems to maximize farm profitability. This
includes information on cows and their environments. As on-farm automation increases many
more phenotypes can be collected. There are two principal sources of data: farms and
laboratories. On-farm data typically are recorded by farmers, but it is now common for
information to be collected by other experts. For example, claw health data often are recorded by
hoof trimmers. Automated milking systems provide detailed information about individual
milkings, including time and conductivity for mastitis detection, and tools exist to assay
progesterone in real-time. However, those systems often integrate poorly with the software used
to interface with milk recording programs. Some farms have automated stations to record climate
data, but much environmental information is not captured in on-farm systems, e.g., housing and
flooring types and ration composition. Many phenotypes are based on the laboratory analysis of
milk samples, and spectroscopic analysis is used to determine milk and fat concentrations in
milk. Recent research suggests that many other phenotypes can be collected from those data,
including milk fatty acid composition and methane production. The latter trait may provide a
more economical measure of feed efficiency than individual intakes. There are also milk ELISA-
based tests for diseases such as paratuberculosis and leucosis to provide early identification of
carriers. Many young animals are genotyped, but only summary data are stored on the farm.
Some phenotypes, most notably haplotypes associated with reduced fertility and increased
perinatal mortality, can be generated directly from data collected in national databases. There are
now more than a dozen of these recessives tracked in the US and other countries. The most
substantial challenge faced by many dairy managers will be the effective use of the many new
phenotypes that now are available.
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Modern genetic selection programs in dairy cattle are based on objectives that incorporate many
economically important traits into a single value used to rank and select animals (Philipsson et
al., 1994). Total merit indices used in the Nordic countries were the first to include fertility and
health traits (Philipsson and Lindhé, 2003), and were important in demonstrating the value of
selection objectives including lowly heritable traits. Selection objectives for genetic
improvement programs in dairy cattle typically have focused on production traits (VanRaden,
2004), but over the last 20 years increasing emphasis has been placed on health and fitness traits
in many different countries (Miglior et al., 2005). However, additional phenotypes are needed to
describe the performance, health, and fitness of the modern high-performing dairy cow.

New sources of on-farm data

Data have typically been recorded by farmers, but it is now common for information to be
collected by other experts, too. For example, claw health data often are recorded by hoof
trimmers, and those data are being used to select for improved claw health (van der Linde et al.,
2010; Chapinal et al., 2013). Automated milking systems time (e.g., Berger and Hovav, 2013)
provide detailed information about individual milkings, and tools exist to measure progesterone
in real-time. Those systems also can record cow body weights, which are associated with
changes in health status and feed efficiency (Veerkamp, 1998). Automated systems are appealing
because they help control labor costs, which are growing quickly in most countries. However,
those systems often integrate poorly with the software used to interface with milk recording
programs. Some farms have automated stations to record climate data, but much environmental
information is not captured in on-farm systems, such as housing and flooring types. Calus et al.
(2005) demonstrated that those data can be used to construct predictive models of cow
performance.

New sources of laboratory data

Many new phenotypes are based on the laboratory analysis of milk samples, including
spectroscopic. Many phenotypes can be collected from those data, including milk fatty acid
composition (Soyeurt et al., 2011) and methane production (Dehareng et al., 2012). The latter
trait may be a more economical measure of feed efficiency than individual intakes (Hegarty et
al., 2007). There are also milk ELISA-based tests for the detection of diseases such as
paratuberculosis and leukosis, and those data can be used in selection programs to improve
disease resistance (Attalla et al., 2010). Some US laboratories are partnered with milk recording
organizations so that test results can use the same data flow as more traditional data.

Novel traits and genomics



Many young animals are now genotyped, and low-density genomic tests on cows can be used to
increase the economic value of calves produced (De Vries et al., 2011), particularly if used in
genomic mating programs (Sun et al., 2013). Those genotyped cows will be needed to achieve
reliabilities suitable for selection of novel functional traits (Buch et al., 2012), and data are
already available in the US to select for improved health using producer-recorded data (Parker
Gaddis et al., 2014). Haplotypes associated with reduced fertility and increased stillbirth
(VanRaden et al., 2011) can be generated directly from data in national databases, and there are
now 19 such recessives tracked in the US and other countries (Cole et al., 2013).

Non-farm uses of functional data

Consumers are willing to pay higher prices for products that they perceive to be healthier or
associated with improved animal welfare (e.g., organic milk, cage-free eggs), and it is possible
that health and fitness data could be incorporated into welfare certification programs, which that
would require the consent of the farmers who provide the data. Milk fatty acid and protein
composition can be changed by genetic selection (Bovenhuis et al., 2013), and milk processors
may be willing to pay incentives for milk with desirable effects on human health.

Conclusions

Modern dairying is an increasingly complex and technological enterprise. In order to achieve
both farm-level goals such as profitability, and societal goals such as environmental
sustainability, additional measurements describing cattle performance are needed. Effective
selection for novel functional traits is possible using traditional genetic evaluation methods, but
is greatly enhanced by the use of genomic tools.
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