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Abstract

Milk yield per cow has more than doubled in the previous 40 years and many cows now produce more than 20,000 kg of milk
per lactation. The increase in production should be viewed with concern because: i) the increase in milk yield has been accompa-
nied by declining fertility, increasing leg and metabolic problems and declining longevity; ii) there are unfavourable genetic corre-
lations between milk yield and fertility, mastitis and other production diseases, indicating that deterioration in fertility and health
is largely a consequence of selection for increased milk yield; and iii) high disease incidence, reduced fertility, decreased longevity
and modification of normal behaviour are indicative of substantial decline in cow welfare. Improving welfare is important as good
welfare is regarded by the public as indicative of sustainable systems and good product quality and may also be economically
beneficial. Expansion of the Profitable Lifetime Index used in the UK to include mastitis resistance and fertility could increase
economic response to selection by up to 80%, compared with selection for milk production alone. In the last 10 years, several
breeding organisations in Europe and North America followed the example of Nordic Countries and have included improving
fertility and reducing incidence of mastitis in their breeding objectives, but these efforts are still timid. A multi-trait selection
programme in which improving health, fertility and other welfare traits are included in the breeding objective, and appropriately
weighted relative to production traits, should be adopted by all breeding organisations motivated in their goal of improving welfare. 
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Introduction
Farm animals have been undergoing human-managed
selection ever since their original domestication. Initially,
selection was probably limited to docility and managea-
bility, but in the last 60 years breeding programmes have
focused on the genetic improvement of production traits,
such as milk yield, growth rate and number of eggs. 

From the beginning, selection was based on animals’
phenotype with the hope that their offspring would also
exibit superior phenotype. A major advance in selection
practice occurred in the mid-20th century, with the advent
of quantitative genetics based on principles of heredity and
modern statistical theory (Hazel 1943). In practice, the
phenotype of an individual and a substantial number of its
relatives is recorded to compute the likelihood that the indi-
vidual is transmitting a favourable set of alleles for the trait
of interest. Although the method is still based on phenotypic
selection, it more easily identifies variation at loci having a
relatively small effect and represents an important advance.
Essentially, the statistical genetics method calculates an
average of all genetic loci contributing to a trait as trans-

mitted by the individual, and reports it as an estimated
breeding value (EBV) (Lynch & Walsh 1998). As a result,
the animal production industry has undergone dramatic
change during the last century (Ensminger & Parry 1996).

In response to changes in dietary preference of consumers,

the selection emphasis has changed from just increased

output to increased production efficiency and product quality.

In the early 19th century dairy production focus shifted from

milk quantity, which was very successfully increased by

intense selection, to milk quality and quantity (Van Raden

2004). The concept of quality has now broadened greatly to

take account of the effects of production systems on human

health, animal welfare and the environment. 

A key issue is the extent to which genetic selection for

increased production affected the ability of the animals to

adapt to the environment in which they find themselves.

At the individual level, adaptation is the use of regulatory

systems, with their behavioural and physiological compo-

nents, to help an individual to cope with its environmental

conditions (Broom & Johnson 2000; Broom 2006). 
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Animals have limited resources for carrying out adaptation

processes. A series of publications by Rolf Beilharz and

colleagues proposed the Resource Allocation Theory (eg

Goddard & Beilharz 1977; Beilharz et al 1993). The

resources an animal has are limited and, as a result, if output

is increased through one biological process, such as

producing more milk, other functions such as fertility, main-

tenance, movement, immune defence, etc will be affected.

The availability of resources that one process demands can

be increased to a certain extent. Management factors, such

as increasing access to feed and nutrients, could increase the

fitness of the animal until resources became limited again.

Any further increase in fitness would imply a reallocation of

resources and thus modify other outputs such as disease

resistance or behaviour (Beilharz et al 1993). Reviewing the

negative side-effects of selection for high production, Rauw

et al (1998) concluded that “when a population is geneti-

cally driven towards high production, … less resources will

be left to respond adequately to other demands like coping

with stressors”. The key problem as noted by Rauw (2008)

is that high productivity in farm animals could mean that

there are insufficient resources for adequate coping and

hence poor welfare whenever resources are limiting.

In this paper, the effects of selection for increased produc-

tion on health and other welfare indicators in dairy cattle

is discussed. 

Selection for increased yield 
Improved plant and animal production, largely as a result of

genetic selection, was one of the greatest achievements of

the last century (Broom 1994, 2004).

The dominant dairy breed in Europe is the Holstein. The

North American Holstein breed began with imports from

Northern Europe in the late 1800s. The breed was largely

limited to North America until the early 1970s when large-

scale exports began, initially of live animals followed by

semen and embryos. Over a 25-year period, US Holstein

semen exports grew from about 400,000 units in 1973 to

almost 8 million units in 1997. Early exports were mainly to

EU member countries, particularly Italy, The Netherlands,

Germany and France. In addition, several countries, such as

The Netherlands, France and others, implemented an

embryo import programme as a source of breeding stock for

their internal genetic improvement programmes. The major

factors responsible for this trend were: (i) it became known

worldwide that Holsteins gave higher milk yields than most

breeds; (ii) dairy farmers’ breeding objectives worldwide

became increasingly focused on income from sale of milk;

and (iii) technology existed to import Holsteins from the

USA into other countries.

The Holstein has spread rapidly in much of Europe. In the

UK, as an example, in the last 30 years, what was predom-

inantly a Friesian dairy cattle population is now 90% North

American Holstein in origin.

The high-nutrient-input high-milk-output systems are the

most widely used dairy production systems in most of the

EU. These systems, characterised by large average herd

sizes, use of specialised dairy breeds (95%

Holstein/Friesian), high stocking rate made possible by high

use of fertilisers and with cows fed to yield using diets with

high energy density, account for 83% of all EU dairy cows

and 85% of all EU milk production (OECD 1999). 

The dairy industry’s goal has always been to produce

quality milk for the consumer market. In many countries

yield per cow has more than doubled in the last 40 years.

This dramatic increase in yield per cow is due to rapid

progress in genetics and management. The average energy

corrected milk (ECM) yield for Swedish dairy cows

(Figure 1) increased from 4,200 to 9,000 kg between 1957

and 2003 (SHS Annual reports 2003; Oltenacu & Algers

2005). Changes in dairy cows in Austria from 1988 to 2007

show that the mean yield per lactation in Holsteins

increased from 5,500 to 8,200 kg and in Simmentals from

4,500 to 6,600 kg (Knaus 2009). Data from National Milk

Records in the UK show an increase in average yields of

dairy cows of about 200 kg per year from 1996 to 2002 and

50% of the progress in milk yield is attributed to genetics

(Pryce & Veerkamp 2001).

The picture is similar in the US where between 1957 and

2007 the average milk production per cow increased by

5,997 kg, with 3,390 kg of this increase (or 56%) due to

genetics (Van Raden 2004). Until the mid-1980s most of the

increase in milk yield was the result of improved manage-

ment, in particular better application of nutritional standards

and improved quality of roughage. Since then, genetics has

become the major factor due to effective use of artificial

insemination (AI), intense selection based on progeny-

testing of bulls and worldwide distribution of semen from

bulls with high genetic merit for production.

The dairy cow is producing considerably more milk than its

ancestor would have produced. The amount is ten times the

beef cattle average of 1,000–2,000 kg (Webster 1993).

However, the product of daily energy output and duration of 

lactation is very high indeed. Hence, as we would predict

according to resource allocation theory, long-term problems

are the most likely to occur in high-producing animals

(Broom 1995, 2001b; Nielsen 1998).

Consequences for the welfare of high milk
producing dairy cattle
The consequences of selection and breeding can be judged

on the basis of its impacts on health and the welfare of indi-

vidual offspring and future generations. Ingvartsen et al
(2003) reviewed 14 genetic studies on the relationship

between milk performance and health in dairy cattle. These

studies showed an unfavourable genetic correlation between

milk yield and incidence of ketosis (0.26–0.65), ovarian

cyst (0.23–0.42), mastitis (0.15–0.68) and lameness

(0.24–0.48), indicating that continued selection for higher

milk yield will increase lactational incidence rates (LIR) for

these production diseases and reduce the welfare of dairy

cows. A discussion of these consequences follows.
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Metabolic stress
As the genetic ability to produce milk increases, more cows

have production diseases, ie those whose causation includes

some aspects of changes directly associated with the level of

production. The associations between increased milk produc-

tion and increased risk of production disease, as well as

decreased fertility, are well documented, but less is known

about the biological mechanisms behind these relationships. 

To address the growing perception that the pursuit of ever-

increasing milk production is detrimental to cow welfare,

Ingvartsen et al (2003) developed a framework for future

research. The framework links the genotype, nutritional envi-

ronment and management of the cow through its metabolic

status to fertility and disease susceptibility and suggests that

mobilisation of body reserves could be a key factor.

High-producing dairy cows have a high demand for energy

and need to mobilise body reserves to support this demand.

In the first third of the lactation period, until energy intake

catches up with the requirements, high-producing cows

enter a state of negative energy balance during which time

they mobilise body reserves and lose excessive amounts of

body condition. The terms ‘metabolic load’ and ‘metabolic

stress’ are used (Clarkson et al 1996) to describe the effects

of high production on dairy cows. The metabolic load is

defined as ‘the burden imposed by the synthesis and

secretion of milk’ and metabolic stress as ‘that amount of

metabolic load which cannot be sustained, such that some

energetic processes, including those that maintain good

fertility and general health, must be down-regulated’. The

extent and type of down-regulation would be indicative of

the degree of metabolic stress. Where the negative energy

balance is substantial, there are insufficient body reserves

available and the cow starts to metabolise functional body

tissue, such as muscle. Mobilisation of functional tissue is

considered indicative of starvation and the extent to which

a high-producing cow may experience significant starva-

tion can be assessed by detection of combinations of

metabolites (Agenäs et al 2006). 

Selection for milk production also changes the parti-

tioning of available energy by increasing the priority with

which energy is allocated to support milk synthesis.

Selection for production also increases feed intake but,

with a genetic correlation between yield and feed intake

ranging from 0.46 to 0.65 (Veerkamp 1998), the gap

between energy input and output during early lactation is

increasing. There is little evidence for more efficient

digestion or utilisation of metabolisable energy in high-

genetic-merit cows; so, the correlated response to

selection for yield is increased body-tissue mobilisation

and increased metabolic load to bridge the gap between

energy available through feed intake and energy needed to

support increased milk production. Furthermore, an

increasing demand for energy may lead to time constraints

since cows have insufficient time in the 24 h per day to

allocate to different activities, including eating behaviour.

Lameness 
In the UK, in 1980, lameness in dairy cows was estimated

to be less than 10% per lactation (Russell et al 1982) but by

1990 it was more than 20% (Clarkson et al 1996). Cubicle

houses are associated with many welfare problems (Potter

& Broom 1987, 1990) and the more widespread use of

cubicle houses was one of the causes of the increase (Broom

1997). Publications of careful studies in various high-

producing countries show leg and foot problems to be

25–59 cases per 100 cows per annum (Barkema et al 1994;

Philipot et al 1994; Greenough & Weaver 1997; Boettcher

et al 1998). For the US, Guard (1999) reported a 38% preva-

lence whilst Espejo et al (2006) report a mean prevalence in

the country of 25%. Lameness decreases milk yield and is

an important cause of culling (Rajala-Schultz et al 1999).

Animal Welfare 2010, 19(S): 39-49

Figure 1

Average energy-corrected milk yield for
Swedish dairy cows over time (from
Oltenacu & Algers 2005).
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Guard (1999) estimated direct cost due to lameness in a

100-cow herd to be US$7,600.

Mastitis 
Mastitis has also been increasing in many countries during the

last 30 years, despite improvements in veterinary treatment.

Ingvartsen et al (2003) reported that after a high-yield

lactation there was more mastitis in the following lactation. 

The genetic antagonism between mastitis resistance and

production traits has been well established. In their review,

Mrode and Swanson (1996) reported a weighted-average

genetic correlation between Somatic Cell Score (SCS) and

milk yield in first lactation of 0.14. Pryce and Brotherstone

(1999) and Rupp and Boichard (1999) reported similar results.

The genetic antagonism between yields and clinical mastitis

is more pronounced. Based on Scandinavian data,

Emanuelson et al (1988) indicated an average genetic corre-

lation of 0.30 and, 12 years later, Heringstad et al (2000)

reported genetic correlations ranging from 0.24 to 0.55 with

an average of 0.43. Pryce et al (1998), Rupp and Boichard

(1999), and Kadarmideen et al (2000) reported genetic corre-

lations in the same range, ie 0.29, 0.49 and 0.35, respectively. 

The higher incidence of clinical mastitis is also associated

with lower reproductive performance. Pryce et al (1998)

and Kadarmideen et al (2000) reported genetic correlations

with calving interval ranging from 0.16 to 0.41 and with

conception rate to first service ranging from –0.21 to –0.58.

Castillo-Juarez et al (2000) also reported that high somatic

cell counts were correlated with reduced conception rate at

first service and longer calving interval with genetic corre-

lations of –0.21 and 0.14, respectively. 

Mastitis resistance is found to be an important component

of cows’ longevity. Sander-Nielsen et al (1999) reported

genetic correlations between udder health and survival from

first calving to the end of second lactation ranging from

–0.37 to –0.75, according to the breed. Pryce and

Brotherstone (1999) reported genetic correlations of

lifespan with somatic cell counts and clinical mastitis

ranging from –0.11 to –0.32.

Up to the mid-1990s, in most countries, the breeding

objective primarily included production traits (mainly

protein and fat yield), milk composition (protein and fat

contents), and several morphological traits, particularly

udder capacity and form. The Scandinavian countries were

an exception with selection based upon broader breeding

objectives that included many functional traits and, particu-

larly, mastitis resistance (Heringstad et al 2000). The

inclusion of resistance to mastitis in selection objectives

proved to be effective. In Norway, incidence of clinical

mastitis (CM) increased from 0.15 cows treated per cow-

year in 1975 to 0.44 in 1994, and then decreased to 0.23 in

2002 (Osteras et al 2007).

In the previous five years, the continuous and unfavourable

trend for fertility and mastitis susceptibility led most

European dairy populations to update their breeding

objective and to increase the weight of non-production traits

relative to production traits in their selection indices.

Evaluating some of the recently defined breeding objectives

put forth by Colleau and Le Bilan-Duval (1995) and by

Pedersen et al (2002) shows that mastitis resistance

accounts for 10 to 30% of the total weight applied to all

traits combined. This weight is large enough to insure that

selection using the index would substantially decrease SCC

and to stop any deterioration of CM frequency, even if SCC

is the only available information.

There are some concerns that continuous selection for low

SCC may influence the cows’ capacity for leukocyte recruit-

ment and, therefore, the ability to respond to intramammary

infection. Further research is needed to clarify whether this

concern is indeed justified. 

Reduced fertility and longevity
There is some debate as to whether reduced or impaired

fertility is a welfare problem. We are of the opinion that a

cow that cannot reproduce is clearly failing to cope with her

environment, therefore reduced reproductive performance

of modern dairy breeds is a welfare concern.

Many of the reproductive problems associated with highly

productive dairy cows result from disease, such as uterine

infections or other disorders (Bell & Roberts 2007; Dobson

et al 2007; Sheldon et al 2008) or from metabolic stress

associated with milk production. 

In the US, calving interval increased from < 13.0 months

to > 14.5 months and number of inseminations per concep-

tion from 2.0 to > 3.5 from 1980 to 2000 in 143 US

commercial herds (Lucy 2001). A decline in pregnancy rate

to first service of 0.5% per year between 1975 and 1997 was

reported in the US (Beam & Butler 1999). In the UK (Royal

2000), pregnancy rate to first service decreased from 56% in

1975–1982 to about 40% in 1995–1998, a decrease of about

1% per year. Similar decreases in conception rate and other

reproductive measures have been reported in Sweden

(Roxstrom 2001) and many other countries. 

Behaviour may also play a critical role in the declining

reproductive performance of genetically high-producing

cows. In a study of 17 commercial herds that used an elec-

tronic oestrus-monitoring system, Dransfield et al (1998)

showed that a higher proportion of cows with production

above herd average exhibited only low intensity and short

duration oestrus relative to lower-producing cows (24 vs

16%). Lopez et al (2004) also reported an unfavourable

association between milk production and oestrus behaviour

with shorter oestrus periods (5.5 vs 11.1 h) in high (> 40 kg

per day) relative to low (< 30 kg per day) producing cows.

Emanuelson and Oltenacu (1998) found an extended

interval to first breeding and to conception in herds with

poorer oestrus detection. The decline in fertility also has

economic consequences and several studies reported

increasing reproductive costs for dairy cattle (Lindhe &

Philipsson 1999; Royal et al 2000; Lucy 2001). 

Poor reproductive performance often leads to premature

culling and decreased longevity of dairy cows. The associa-

tion between the declines in fertility, reflected in increased

calving interval, and decrease in longevity, measured by the

proportion of cows still alive at 48 months of age (staya-
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bility) in Holstein cows in the North-East US from 1957 to

2002 are shown in Figure 2. Reduced longevity is also

reflected in the mean number of calves produced during

lifetime by Holstein dairy cows in Austria, which decreased

from 3.59 in 1988 to 3.26 by 2007, whilst Simmentals still

produced 3.87 in 2007 (Knaus 2009). The optimal prof-

itability in dairy production has been calculated to occur if

the cows live for six lactations (Essl 1998).

Body form
Although selection for yield traits has received primary

emphasis in the selection goals of dairy cattle, substantial

emphasis has been placed on other traits, particularly in

North America. Many of these non-yield traits are related to

the outward appearance of cows, such as overall conforma-

tion or ‘type’, udder-type traits, body size (including height,

chest width and body depth), and angularity. Consequently,

selection for increased milk production has also increased

the body size and weight despite evidence that smaller cows

have advantages for longevity, and welfare (Hansen 2000).

Emphasis on angularity (or dairy type) may have also

contributed to increased metabolic stress, particularly in

early lactation, resulting in cows that are more prone to

metabolic problems. Similar changes occurred in other

Holstein-Friesian populations. In the Dutch Holstein-

Friesian dairy population, average hip height of heifers

increased from 130 cm in 1981 to 144 cm in 2007 while the

305-days milk yield of the pedigree cows in the same popu-

lation increased from 5,765 kg in 1985 to 8,720 kg in 2007

(NRS Statistics 2007). 

Changes in body form, size and weight affect the mechanics

of movements of the cow in two major respects: i) the space

that is needed to execute her movement freely and ii) the

scale of forces to be exerted for the movement. Udder shape

and volume are of specific concern with respect to normal

locomotion and prevention of lameness, and for the resting

comfort of the cows in the most common barn types

(Webster 1993). The changes in body size and weight are

changing the environmental requirements needed to

maintain good welfare in cows.

It is clear that when we look for long-term consequences

of selection for high milk production we find that: i) the

increase in milk yield has generally been accompanied by

declining ability to reproduce, increasing incidence of

health problems, and declining longevity in modern dairy

cows, all of which are indicative of reduced animal

welfare; ii) substantial antagonistic genetic correlation

exists between milk yield and fertility and between milk

yield and several production diseases indicating that a

proportion of the observed decrease in reproductive

performance and of the increase in incidence rate of

production diseases are correlated responses associated

with past one-sided selection for increase yield; iii) with

increasing production cows need to spend more time

eating and thus have less time available for other activi-

ties, and may not be able to allocate time enough to fulfil

their need for important activities such as resting; and iv)

the selection for high milk production has produced a cow

that is dependent on a high level of management in order

to maintain its health, and which requires certain manage-

ment practices to maintain its high milk output, which

may themselves lead to poor welfare, eg high-starch,

grain-based diets, and minimal grazing. 

Animal Welfare 2010, 19(S): 39-49

Figure 2

Average calving interval and proportion of
cows alive at 48 months of age over time
for Holstein cows in the North-eastern
United States (from Oltenacu & Algers
2005).
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Interaction of genetics and environment
As animals tend to adapt to the environment they are

selected in, it is likely that selection for increased yield may

also lead to environmental sensitivity. Castillo-Juarez et al
(2000) and Kearney et al (2004) showed that the magnitude

of the unfavourable genetic correlations between milk yield

and somatic cell score and between milk yield and concep-

tion rate were significantly higher in a poor environment

relative to a good environment. Dairy producers in several

grazing countries have expressed concern regarding the

declining fertility of cows with an increased proportion of

Holstein genes. Harris and Winkelman (2000) and Verkerk

et al (2000) reported significant differences between cows

of New Zealand origin and those of North American origin

for conception rate, services per conception, and days to

first service. These studies indicate that the negative genetic

correlations between production, fertility and health in

modern dairy cows, already large when producing in an

intensive production environment, are even larger when

cows are producing in a less intensive production environ-

ment. The increase in negative genetic correlation between

production and fitness traits in less favourable environments

is indicative of a decline in adaptability associated with

selection for increased yield in the modern dairy cow.

Inbreeding
Inbreeding results from the mating of related individuals and

is also increasing. Inbreeding in the UK currently stands at

around 3% and has been rising at 0.17% per year

(Brotherstone & Goddard 2005). The Holstein and Jersey

breeds in the US have rates of inbreeding of 0.2% per year

(Thompson et al 2000) corresponding to an ‘effective’ popu-

lation size (or Ne) of 50, ie population size which, under

random mating, would produce the same rate of inbreeding,

and the picture is relatively similar in all Holstein popula-

tions across Europe. Movement of genes between countries

and focus on similar breeding objectives has meant the

selection of the same cattle everywhere. Low Ne causes

inbreeding and loss of genetic variation in a population. The

current Ne of 50 in the US Holstein is lower than required to

maintain genetic diversity in a population, but the decrease

in Ne of Holstein and other dairy breeds is a recent phenom-

enon so little genetic variance has been lost to date.

Inbreeding may itself have direct negative effects on animal

welfare, eg an increased risk of retained placenta and

dystocia in cattle with greater inbreeding (Adamec et al
2006). Smith et al (1998) reported a reduction in lifetime

milk production of 177 kg per 1% increase in inbreeding.

Although inbreeding is not currently considered a serious

problem, if it continues to rise it will become a real problem

in the future. Inbreeding has three major undesirable effects.

It causes inbreeding depression, including an increase in the

incidence of abnormalities caused by recessive alleles, loss of

genetic variance and random drift in the population mean.

Inbreeding depression reduces the value of many traits,

particularly those related to fitness, such as fertility, ability to

remain healthy, and other traits indirectly affecting welfare.

Breeding organisations should implement strategies

designed to maintain the genetic variability and prevent the

increase of inbreeding in the dairy population. This can be

accomplished by: (i) broadening the breeding objectives to

include health, fertility and other fitness traits along with

production traits; (ii) considering the genotype by environ-

ment interactions; (iii) implementing selection strategies

that minimise the average relationship of selected individ-

uals with the rest of the breeding population; and (iv) taking

advantage of the molecular genetics tools already available

or in the developmental phase. It should be acknowledged

that several of these strategies are already adopted by many

breeding organisations in the EU and other countries. 

Other factors that would contribute to conservation of

within- and between-breed genetic variance are a more

realistic payment system for the meat value of cull dairy

cows that would encourage more crossbreeding with beef

breeds and better knowledge of breed differences that may

decrease the dominance of the Holstein breed. For instance,

breed differences in fertility, disease resistance and feed

conversion have not always been known or considered

when choosing the Holstein over other breeds.

Crossbreeding of dairy cattle should benefit from heterosis

in many traits contributing to profit, and for two breeds of

similar profit, it is likely that crosses between them will be

more profitable than either. Until now, crossbreeding has

not been used much in dairy cattle but, recently, it has

received more attention. In New Zealand, an across-breed

genetic evaluation for profit indicates that, under their

conditions, Jerseys are at least as profitable as Holsteins

(Montgomerie 2004). In the US, crossbreeding of Holstein

cows with Montbeliard, Swedish and Norwegian Red as

well as other dairy breeds, is gaining in popularity and a

three-breeds crossing system is generally recommended.

The use of crossbreeding automatically leads to a demand

for cattle of more than one breed. Therefore, a rational use

of crossbreeding should, in the long run, support the conser-

vation of a variety of breeds.

Genetic improvement of welfare in dairy cattle
In regard to breeding programmes, The United Kingdom’s

Farm Animal Welfare Council (FAWC 1997), in its report

on dairy cow welfare, recommended the following:
“Achievement of good welfare should be of paramount

importance in breeding programmes. Breeding compa-

nies should devote their efforts primarily to selection

for health traits so as to reduce current levels of lame-

ness, mastitis and infertility; selection for higher milk

yield should follow only once these health issues have

been addressed”. 

Breeding organisations play a major role in determining

what type of dairy cows will populate our dairy farms in the

future and, therefore, the ethical responsibility for the

welfare of future populations of cows (Sandøe et al 1999).

The major advantages of genetic improvement for any trait

are that changes are cumulative, permanent and cost-

effective (Christensen 1998; Simm 1998). This is true for

the selection trait as well as for correlated responses on
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other traits. As pointed out, these very advantages have

facilitated a rapid increase in milk yield per cow and detri-

mental effects on the welfare of the animals when breeding

objectives have centred on production, with little attention

given to fitness traits, such as fertility and health. 

The unfavourable genetic relationship between milk

production and welfare indicators means that the most

effective route to stop the decline or even improve welfare

is by developing and adopting a selection index in which

welfare-related traits are included and appropriately

weighted. With such an index, the genetic progress for any

of the traits considered is smaller than if selection is for a

single trait, but overall economic response is greater than in

single trait selection.

Efforts to improve animal welfare are often portrayed as

increasing the cost of production (Rushen & de Passillé

1998) and selecting for welfare traits is assumed to be

uneconomical. This is not always the case. As an example,

the current breeding goal in the UK includes increasing

milk, fat and protein yields plus lifespan. These traits are

combined into Profitable Lifetime Index, or £PLI, designed

to maximise the economic return from a cow during her

expected productive life. Calculations suggest that

expansion of £PLI to also increase resistance to mastitis and

decrease calving interval could increase economic response

to selection by up to 80%, compared with selection for milk

production alone (Pryce et al 2000). Selection on such an

index could also halt the decline in fertility and mastitis

resistance, compared with selection for milk production

alone. Sandøe et al (1999) evaluated the use of several

selection indices combining selection for increased produc-

tion with selection for increased resistance to mastitis for

the Danish situation. They showed that, after 10 years of

selection with zero relative weight on resistance to mastitis

(selection for milk alone), production per cow increased by

1,179 kg and number of mastitis treatments per 100 cows by

12.9. Using an index in which resistance to mastitis is given

double weight relative to yield, production increased by

964 kg and number of mastitis treatments per 100 cows

decreased by 5.5. In a herd of 100 cows, this translates to

21,500 kg less milk and 18.4 fewer mastitis treatments

compared with selection for milk yield only, ie the loss in

milk yield gain is equal to 1,168 kg per avoided treatment

of mastitis. In the above calculations, the weights were

calculated based on genetic (co)variances and genetic corre-

lation between traits. If the cost of mastitis relative to milk

price is considered, the weighting of the two traits in the

selection index can be chosen to maximise profit. These two

examples illustrate that it should indeed be possible,

through genetic selection, to improve welfare without a

reduction in profitability. 

One example of successful multi-trait selection comes from

Sweden and other Nordic countries where breeding goals

have been formulated to include not only production but

also fertility and health for the last 20 years. The average

calving interval from 1987 to 2003 is shown in Figure 3 for

the two major Swedish dairy breeds. 

By implementing more balanced selection goals it has been

possible to limit the decline of fertility in the Swedish

Holstein breed to about half of what has been observed in

other Holstein populations and minimise  it in the Swedish

Red and White which is much less influenced by germplasm

from outside Scandinavia. Resistance to mastitis follows

similar trends. There have also been recent genetic improve-

ments in the health of cows in Norway (Osteras et al 2007).

In Nordic countries, records are available such that fertility

and health traits can be included in selection decisions. The

progeny testing of bulls is performed with large progeny

group size (> 120 daughters per bull) to allow traits with

low heritability to be accounted for. The programme has a
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Figure 3

Average calving interval (in months) for
Swedish Red and White (SRB) and Swedish
Holstein (SLB) breeds from 1987 to 2003 (from
Philipsson 2003).
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positive impact on smaller breeds, such as the red and white

breeds in the Nordic countries (Philipsson & Lindhe 2003).

It is also clear that, as long as the majority of the black and

white dairy bulls tested in the Nordic countries originate

from sires outside Scandinavia, where no estimates for

genetic merit for health and fertility traits are available, the

Nordic effort to improve these traits will only have limited

impact (Christensen 1998). An active international germ

plasm market makes breeding of dairy cattle truly global. 

For the Holstein/Friesian breed, which is the dominant

dairy breed in the world and accounts for about 80% of all

dairy cows in Europe (van Arendonk & Liinamo 2003),

increased emphasis on selection for fitness traits should

occur in all countries, particularly those that dominate the

international germplasm market. Since the mid-1990s,

several breeding organisations in Europe as well as North

America have included fertility and health (at least

mastitis) in their breeding objectives. Recently, several

Nordic Countries included lameness in the breeding objec-

tives and their lead should be followed by other breeding

organisations: a multi-trait selection programme in which

health, fertility and welfare traits are properly weighted,

relative to production traits and included in the breeding

objectives, in order to improve welfare. 

Sustainability of the dairy industry
Are current trends in dairy farming leading to a sustainable

industry? A system is sustainable if it is acceptable now and

if its effects will be acceptable in future, in particular in

relation to resource availability, consequences of func-

tioning and morality of action (Broom 2001a). Animal

welfare is one of the factors that determines whether or not

a system is sustainable (McGlone 2001). There are two

other factors that may make some dairy farming unsustain-

able: the efficiency of production in relation to human food

requirements and greenhouse gas production.

How efficient is dairy production in relation to human food

requirements? Dairy cattle can utilise pasture plants, a

resource unavailable to humans as food. This is a major

long-term advantage to the industry. However, many dairy

cattle are fed concentrates that humans could utilise. If cows

are to produce 9,000 kg per lactation in an intensive produc-

tion system, 40% of their diet is likely to be from concen-

trates and 96% of the protein they eat could have been used

by humans. This is a serious net loss of nutrients for

humans. However, if their diet would consist of 70% forage

plants and the 30% concentrates of which 70% would come

from by-products, there is a net food benefit for humans.

Therefore, a mainly pasture-based diet is desirable for the

future. Dairy cows produce methane, a greenhouse gas.

Whilst there should be efforts to minimise this, the value of

cattle as utilisers of pasture that we cannot otherwise use

can be balanced against it. The cows’ greenhouse gas

production should be expressed per unit of milk production.

Hence, an increase in longevity and lifetime production

should be pursued for its environmental benefits, increased

efficiency and animal welfare reasons.

What could be the reactions of consumers if they believe that

something is wrong with dairy production? Some could stop

eating dairy products. Some could eat some of the products

but not others. Some could write to retail organisations to tell

them what they will not buy. A 5% increase in vegetarianism

or 5% of consumers ceasing to buy milk and other dairy

products would have very serious effects on the dairy industry.

Compared to the consequences of any of these possible

consumer reactions, the cost of effectively addressing the

animal welfare issues and improving the image of an industry

would be small. It is clear that the industry should be proactive

and adopt changes before consumers reduce consumption.

Although some actions are being taken by the industry, it is

our opinion that more needs to be done.

All dairy cattle breeding organisations should address the

animal welfare and sustainability issues in their

programmes to avoid public condemnation of breeding and

management practices for dairy cows.

Conclusion
Traditionally, breeding programmes for farm animals have

focused on genetic ‘improvement’ of economically

important production traits. Consequently, productivity in

farm animals rose dramatically during the second half of the

twentieth century and effective selective breeding

programmes were a major factor. The milk yield per cow in

dairy and growth rate and feed conversion efficiency of

broiler chickens illustrate these changes vividly. However,

the combination of selective breeding narrowly focused on

production traits and the intensification of animal produc-

tion system have had consequences for the animals which

have become more at risk of behavioural, physiological, and

immunological disorders, ie poor welfare.

Farm animal welfare has become increasingly important

and relevant from the societal point of view and its impor-

tance is now recognised by all stakeholders in the farm

animal production chain. Breeding organisations working

with farm animals cannot neglect these public concerns and

must develop and implement breeding goals designed to

improve animal welfare.

There is evidence that several welfare aspects have a

genetic basis and that selective breeding for a better animal

welfare, be it in combination with selection for production

or not, could be successful. Broader selection goals have

been implemented in some dairy cattle breeding

programmes. Nordic dairy cattle breeding programmes

combine production, health, fertility and longevity traits

optimally combined in a ‘total merit index’, or TMI. More

generally, it is clear that many breeding companies are

working towards developing more balanced breeding goals

by incorporating functional traits.

In order for breeding organisations to implement a selection

for improvement of welfare in farm animals, the traits

related to welfare need to be clearly defined, their heritabil-

ities and genetic (co)variances need to be known, and

recording of those traits on individual animals need to be

feasible. One approach is to breed for animals that are better

© 2010 Universities Federation for Animal Welfare



Selection for milk and welfare of dairy cows   47

suited for current farming methods (Christiansen & Sandøe

2000). Another approach is to reverse some recent trends in

genetic selection and to modify the farming systems so that

it is easier for the animals to adapt to it. The challenge is to

define a limited number of welfare traits with a sufficiently

large genetic component and for which information on indi-

vidual animals can be obtained routinely. Multidisciplinary

research programmes should be developed, therefore, to

provide the necessary information for successful implemen-

tation of selection for these societal important traits.

In order to improve the welfare and adaptability of dairy

cows through genetic selection long term, the co-operation

of breeding experts, geneticists, epidemiologists, nutrition-

ists, ethologists and others concerned with animal welfare

problems is required. Sustainable breeding goals aimed at

improving fitness and robustness is necessary to prevent the

decrease in the quality of life of the animals and, perhaps,

enhance it. The effectiveness of a selection programme to

improve welfare should be enhanced if selection acts

directly on causes of poor welfare and not only on its

symptoms. To implement such a programme, research is

needed to clarify the relationship between production,

negative energy balance, metabolic stress and welfare indi-

cators and to develop practical methods for measuring

negative energy balance and metabolic stress. This research

should identify traits directly related to welfare status, such

as negative energy balance, body condition score, onset of

cyclicity after calving etc and, ultimately, provide better

selection tools to improve welfare status in dairy cows. 

At present, considering the severity of the effect on

welfare, the duration of the effect and the number of indi-

viduals involved, after broiler chickens, dairy cow welfare

is the worst animal welfare problem in Europe. This is the

most important current problem for the dairy industry.

Urgent action to change genetic selection and management

of dairy cows is needed.
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