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How to Use This Document
This document contains two introductory articles written by experts in the farm animal welfare field from North
America and Europe respectively. Each article ends with a list of references cited by the author. The second
section of this publication consists of an extensive bibliography categorized into the following topics: behavior,
breeding, feeding, health, housing, husbandry, legislation, reproduction, slaughter, and transport. Citations listed
in this section may or may not overlap with articles cited by the introductory authors.
Citations were selected from searches conducted using a variety of agricultural, medical, and life science
databases. Within a subject category citations are arranged alphabetically according to the last name of the
primary author. Each citation is listed with a set of keywords that describe useful information about the entry. If

a citation is listed from a publication available through the National Agricultural Library (NAL) a NAL call
number has been included. Documents in the collection of the National Agricultural Library (NAL) are assigned
an NAL Call Number. Information on how to request materials at NAL may be found at:
https://www.nal.usda.gov/borrow-materials. This section provides information on how to request materials that
are included in the collection of the National Agricultural Library (NAL). Please read carefully as there are
certain restrictions on media and document types. All patrons are encouraged to explore local library resources
first before contacting the National Agricultural Library.
The final section of this document contains an annotated listing of web links for internet sites that include
information on the care and welfare of dairy cattle in their content. World Wide Web addresses are listed to
access specialized databases, extension materials, and publications produced by a variety of non-profit
organizations. Readers are cautioned as to the dynamic nature of the internet and the fact that addresses and
content are subject to change.
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It is heartening to say that progress has been made in the area of dairy cattle welfare. It is also fair to say that
many dairy cattle welfare issues are still present and, in North America, several new issues have surfaced since
publication of the last AHousing, Husbandry, and Welfare of Dairy Cattle@ (1995) by AWIC. The intent of this
introduction to the bibliography is to share my perspective on current dairy welfare issues as they affect dairy
cattle raised in North America. Clearly, this perspective will be less influenced by legislation than the European
perspective. This introduction represents my personal viewpoint and not that of the National Agricultural
Library or Animal Welfare Information Center. My recommendation to readers is to avail themselves of the
well-organized bibliography to draw their own conclusion on the status of dairy cattle welfare.
Some welfare issues persist through time in the management of dairy cattle. These include animal abuse and
neglect, lack of adequate nutrition and housing, lack of treatment for disease or injury, transportation and
marketing practices, slaughter and pre-slaughter handling, breeding practices and appropriate disaster
management. Along with these issues are factors that have arisen more recently due to the establishment of
larger dairy herds in certain parts of the country. These include provision of shade or other cooling mechanisms,
the time period cows stand on concrete or other hard surfaces prior to entering the milking parlor and lameness.
Emergent issues for dairy cattle in North America are the use of recombinant bovine somatotropin (BST) and the
practice of tail docking.
Identifying appropriate well-being in production systems is at best a complex issue as many interrelated
variables impinge on animal welfare. Certainly, welfare within a production system can vary as much as
between systems. Key components can, however, be identified and those include (but are certainly not limited
to) the human-animal interaction, the physical environment, and the animal=s social environment. Part of the
issue in identifying welfare in relation to management systems is that it is often a subjective measure of the
entire production system. Scientific studies can reveal changes in physiology or behavior with varying
management practices and environmental conditions but this science is not always applicable to assessment of

animal welfare in the entire production system (Fregonesi and Leaver, 2001). We can conduct science to
understand the preference of animals for their environment, however this is not always clearly related to proper
animal welfare as animal preferences may change with changing environmental conditions. For example,
(Fregonesi, 1999) found that dairy cows preferred to lie and stand in a straw bedded environment. Depending on
management of the straw, udder health and well-being could be affected by blindly imposing this type of system
not to mention environmental concerns in handling the excess straw as a waste product.

Human-Animal Interaction
Behavior is a key discipline for understanding cattle welfare. Strides have been made in studying dairy cattle
behavior particularly as it relates to the human-animal bond and the animal's fear response. We now have a
number of studies that illustrate that the symbiotic relationship between caretaker and cow is one of the principle
factors in determining positive animal welfare. Fearfulness in cattle affects productivity and can become
increasingly severe, A fearful cow tends to be more difficult to handle, resulting in an elevated negative human
response which promotes additional fearfulness by the cow. The behavior section of this bibliography contains
several references to the human-animal interaction and relevance to welfare (see in particular Jago et al., 1999;
Morgensen et al., 1999; Munksgaard et al., 1997; Rushen et al., 1999).
Acute events and stressors that are more chronic can affect welfare. Chronic stress may ultimately lead to
alterations in the animals ability to react to novel stimuli within their environment and they may become hypo or
hyper reactive to such stimuli (Boissy et al., 2001). More recently we have seen the concept of positive humananimal interaction and welfare extended to fear responses, health and productivity of calves in veal units
(Lensink et al., 2001). Obviously, this is a fruitful area of research and an important one for further studies.

Physical Environment
It is estimated that about 25% of all dairy cattle in North America are housed in a free-stall environment. Here
cows can enter and leave the stall at will. The stall has some form of bedding material such as sand, sawdust or
possibly straw. Research has shown that a properly designed stall is necessary for proper animal welfare with
key points being adequate numbers of stalls, length sufficient to prevent the udder from contacting manure in the
gutters and comfort of the bedding material within the stall. The most predominant environment for dairy cattle
in North America remains the tie-stall, where the cow is confined to the stall by a neck tether, which allows her
to lie down, but not to turn around within the stall or leave the stall at will. A minority of dairy cows are kept on
pasture throughout the year. The use of straw bedded loose housing systems (developed in Europe) are not
utilized to any great extent in North America. Lying times for cows tend to be greater for cows in loose housing
and freestall systems but this is dependent on management of the environment within each system. Certainly,
welfare can be affected by these environmental conditions but few side-by-side comparisons of all systems exist
to provide definitive information on which system is best for cow welfare.
Use of dry lot environment for dairy cows has become increasingly popular. This is due to the increase in size
and number of dairies in the western and southwestern states of the US. These dry lot environments consist of
large dirt paddocks with a central milking parlor. Sometimes cattle will have access to shade or other cooling
device within the dry lot. Concern has recently arisen regarding the time period animals in large groups stand on
hard surfaces while waiting to be milked and its association with increased lameness and culling rates for
lameness in these herds. This is a particular concern for dairies with large numbers of cows and insufficient
milking parlors. Cooling high-producing dairy cows has always been an issue in hot climates and may have
reached its pinnacle in drylot systems as genetic selection for high productivity in more temperate climates may
have negatively influenced the dairy cow's ability to adapt to heat stress (Ravagnolo et al., 2000).
Calf rearing practices where animals are individually housed and cannot turn around can be a welfare issue.
These young animals are social and in some environments, they are unable to express social behavior
completely. Many European systems, particularly straw-bedded group housing systems have been developed but
are not used to any extent in North America. Again, it is a question of having solid research data comparing, in

the same study, all systems with consideration of animal welfare, productivity, economics, and environmental
impact. Until such information is available, we will continue to question which environments and production
systems are best for calves.

Social Environment
Welfare in group housed dairy animals is strongly affected by the social environment. Animal density and
mixing of cattle are disruptive to the social order and can certainly impact welfare. Cattle have elaborate social
structures, being group animals and we have found that their behavior is more complex than what was thought
earlier. They can show complex learning, leading us to rethink the effects of some management practices used
on dairy cattle well-being. How we incorporate new heifers into an established group of cows or train heifers to
the routine of milking is an area that has recently received more research attention. As we attempt to reduce
stress on these animals and improve their welfare, additional questions regarding their cognitive abilities will
need to be addressed by research.

Health Issues
Lameness certainly stands out as a consequential and complex welfare problem in dairy cattle. The complexity
arises because lameness is an overt sign of many clinical, environmental and management problems. Many
factors influence hoof health including genetics, conformation, diet, contagious agents, hygiene, housing system,
animal behavior and management (Bergsten, 2001). A key issue in the problem of lameness has been our
inability to detect it at an early stage. Recent research by Rajkondawar et al. (2001) indicates that it may be
possible to use engineering tools to identify lameness in the cow in its very early stages where it is still easily
treatable with a high probability of success. Continued research along these lines will assist dairy producers in
their constant fight against the huge welfare problem of lameness. The associations between social rank,
behavior and lameness have also recently been studied showing that lower ranking cows spend more time
standing. The lower the social rank of the individual cow, the higher the probability that she will become lame
(Galindo and Broom, 2000).
Recombinant bovine somatotropin or BST has been a controversial issue in both Europe and North America.
Estimates suggest that over the past eight or so years since BST has been available for use in this country (FDA
approval occurred on November 5, 1993), approximately 25% of US producers use BST in their herd (Fetrow,
2001). The European Union (EU) however, continues to prohibit the marketing and use of BST based on a report
from their Scientific Committee on Animal Health and Animal Welfare that concluded that BST should not be
used from the standpoint of its effect on cow health and welfare. Is BST a welfare issue? Clearly, it is a political
"hot potato". If one considers the average time period in which cows spend in the milking herd as an indicator of
welfare, then the use of BST could be a welfare issue (Kronfeld, 2000). How much is too much production?
High production is correlated with both lameness and mastitis. The EU cited both of these issues as indicators to
ban the use of BST in the EU.
Dehorning, or the removal of the horn buds in young calves (mainly replacement heifers) has been practiced for
a number of years. Non-mechanical means of ridding cattle of horns, such as genetic selection for polled
(animals without horns) dairy cattle has received little attention from the dairy industry. Since we continue the
practice of dehorning, current research has focused on developing analgesic agents for dehorning calves
including nonsteroidal anti-inflammatory drugs such as ketoprofen (Faulkner and Weary, 2000). As long as these
standard agricultural practices are used, improving the number and availability of analgesic (particularly long
lasting) agents will be a productive topic for research.
The practice of tail docking has increased in North America of late. The practice first became popular in New
Zealand as a prevention against the infection of milkers with Leptospirosis. In its early history the practice of tail
docking was thought to reduce mastitis as well, although no scientific evidence substantiates this claim. As a
scientist, I am astonished at the behavioral and physiological response of adult cows after having a tight rubber
ring placed in between the vertebrae of their tails. Cows showed no behaviors that would be suggestive of a pain

or stress response (Eicher et al., 2000). On the other hand, research reports from the scientific community have
suggested that docking tails may be detrimental to cows at a later time which would in fact affect their long-term
welfare. Several studies in both New Zealand and North America have shown that behavior of cattle in response
to flies is changed following tail docking.

Legislative Issues
Without doubt, transport of "downer cows" or nonambulatory animals is an issue, which still has not been fully
addressed. Grandin (1998) reported that a large proportion of the severely lame animals arriving at slaughter are
dairy and that the handling of these animals at the packing plant remains a welfare issue. Clearly, research to
identify on-farm management to prevent nonambulatory cattle is needed. The legislative bent to this issue is to
amend the current Code of Federal Regulations (Title 9, Section 313.2) to allow USDA inspectors to conduct
ante-mortem inspection of cattle before they are removed from the transport vehicle. If this were possible, the
nonambulatory animal could be euthanised before removal from the truck. The US Animal Health Association
Animal Welfare Committee has also been working towards drafting language that could be used on a state-bystate basis to prohibit the transportation of nonanmbulatory animals.
Dairy cattle have received less attention from the general public and animal activist groups as having welfare
problems. Society may view dairy cows as well treated, usually kept in social groups with access to a barn,
pasture, food and water. This does not mean that research on dairy cattle welfare is not necessary. What should
be emphasized in the future is a holistic approach to identify production systems where animal welfare is a key
component along with production, food safety and environmental issues. We have made progress, as evidenced
by this revised bibliography. I hope that a review of the materials presented in this bibliography will ignite the
academic community and those involved in the dairy industry to continue to improve the welfare of dairy cattle
under our stewardship.
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Abstract
The continuing success of the dairy industry depends upon public perception of the products. If products and
production methods were perceived to be bad in respect of human health, the welfare of the animals or the
impact of the environment, sales could be severely affected. Animal welfare is of major concern now in many
countries and concern is growing in most countries. The welfare of an animal is its state as regards its attempts
to cope with its environment. Hence welfare varies from good to poor and includes the health and feelings of an
animal as well as aspects of its behaviour and physiology.
Welfare is poor in dairy cows when, for example, they are lame, have mastitis, are unable to reproduce, are
unable to show normal behaviour, show emergency physiological responses, or are injured. Poor welfare can be
caused by cruelty or poor management but it is also commoner as production efficiency increases. Mastitis,
lameness and reproductive failure tend to increase as milk yield increases. Hence it may well be necessary to
stop using genetic selection and some feeding methods to increase milk yield. Cows are well adapted to high
fibre, low density foods and moderate milk yields so there are more problems when their normal biological
functioning controls are overtaxed, i.e. when they are stressed. Bovine somatotrophin increases the risk of poor
welfare, especially when given to cows which are already relatively high yielding.
The design of accommodation for cows, and management procedures, also have considerable effects on cow
welfare. Cubicle houses, particularly when cubicles are too short or otherwise poorly designed, tend to result in
too much lameness and other problems. Straw yards are generally better for welfare if well managed. Lameness
is much rarer in cows at pasture although special paths are needed in areas with sharp stones. Housed cows can
vary individually in their susceptibility to lameness according to their social position.
Farm operations and increasing automation on farms also require careful monitoring if poor welfare is to be
minimised. Indeed efforts should be made to provide conditions in which welfare is good; individual production
will then be better.

Public Perception of the Dairy Industry
Most members of the public who are asked about the dairy industry think of cows grazing in fields and living for
some time whilst a series of calves are born and milk is produced. Milk products are considered by the public in
relation to their effects on human nutrition and health, their effects on the environment and their effects on
animal welfare. If production is perceived to be bad in relation to any of these aspects, sales of the products
could be severely affected. Some people may limit their intakes of milk products because of a desire to reduce
cholesterol intake and certain aspects of the dairy industry, such as methane production, may be criticised in
relation to pollution but it is animal welfare rather than these topics which is the subject of this paper. Until
recently, the welfare of the cow was not often perceived to be poor and it has been only in calf rearing that dairy
production systems have been regularly criticised. However, the industry has been changing and evidence of
poor welfare in cows is accumulating and has had influence on public opinion in several countries. It is
important to the dairy industry that welfare problems should be addressed before there is any widespread public
condemnation of breeding and management practices. A few critical newspaper articles or television
programmes which appear well founded can be very damaging to producers, processors and retailers.
Public concern about animal welfare manifests itself in actual product purchasing and in pressure applied to
retailers and to legislators. Major supermarket and cooked food chains can be influenced rapidly by customer
pressure and can cause changes to be brought about in the methods used by suppliers. Retailers may impose
codes of practice on suppliers and the execution of these codes is checked because the retailers cannot afford
public criticism of what they sell (1). In several European countries, certain housing systems and farm practices
have been changed by many farmers because of the standards required by the purchasing companies. For
example the use of crates for calves, stalls and tethers for sows and castration of pigs slaughtered at 100 kg or
less has ceased on many farms.

Effects of public pressure on legislation is usually slower but legislation makes for more equal constraints on
producers. Legislation is becoming more and more international although it is clearly important that where there
is legislation on wholly moral grounds, for example in order to prevent poor welfare in animals, there should be
restrictions on imports from countries whose moral standards are lower and that such restrictions should be
authorised by the World Trade Organisation.

The Concept of Animal Welfare
Animal welfare has to be defined in such a way that it can be scientifically assessed and the term can be used in
legislation and in discussion amongst animal users and the public. Welfare is clearly a characteristic of an
individual animal and is concerned with the effects of all aspects of its environment on the individual. The
welfare of an animal is its state as regards its attempts to cope with its environment (2). This state includes the
feelings of the individual, various physiological and behavioural responses and its health. The extent of the
difficulty which the individual has in trying to cope with its environment, the extent of any failure to cope and
the degree of happiness are all components of welfare. Hence welfare varies from very poor to very good and
can be scientifically assessed (3,4,5,6).
Indicators of animal welfare are listed in Table 1. These include disease prevalence and reduced ability to grow
and breed. As explained by Broom and Johnson (3), the welfare of a diseased individual is poorer than that of an
individual which is not diseased and reduced ability to produce offspring given appropriate opportunities also
indicates poor welfare. Individuals which are finding it difficult to cope with their environment, or which are
failing to cope may be more likely to become diseased, less likely to produce embryos, less likely to carry young
to term and more likely to die early.
Table 1. Indicators of animal welfare (from Pryce et al, 36).
$

Physiological indicators of pleasure

$

Behavioural indicators of pleasure

$

Extent to which strongly preferred behaviours can be shown

$

Variety of normal behaviours shown or suppressed

$

Extent to which normal physiological processes and anatomical development are possible

$

Extent of behavioural aversion shown

$

Physiological attempts to cope

$

Immunosuppression

$

Disease prevalence

$

Behavioural attempts to cope

$

Behaviour pathology

$

Self narcotization

$

Body damage prevalence

$

Reduced ability to grow or breed

$

Reduced life expectancy

Welfare can be poor in any animal if it is ill-treated or neglected. This can be a problem occasionally but most
dairy farmers value their animals too much to allow either of these causes of poor welfare to occur. However,
there can be ill treatment of cattle going to slaughter. The general areas of cattle welfare problems have been
reviewed (7) and many of these will not be reported here.

The Welfare of Veal Calves
Scientific studies of the welfare of veal calves have been reported in detail by Broom (8) and in the Report on
the Welfare of Calves by the E.U. Scientific Veterinary Committee (Directorate-general for Agriculture
VI/5891/95). Amongst the needs of calves which are not met during veal production in crates are: resting in
normal postures, turning around and exercising adequately, exploration, normal grooming, social contact, normal
gut development and avoidance of anaemia with associated immunosuppression and disease.
Well managed group-housing systems in appropriately ventilated buildings had no more disease than individualhousing systems (9). Anaemic calves with a blood haemaglobin level of 5.5 m mol l-1 are adversely affected by
exercise (10) and immune system function was adversely affected at 4.5 m mol l-1 (11). Confined calves show
prolonged inactivity, excessive licking and sucking behaviour with consequent hair-ball formation in the gut,
oral stereotypies and locomotor difficulties (12,13,14,15). All of these abnormalities of behaviour indicate poor
welfare caused by confinement and lack of normal stimulation. Confined calves also show greater cortisol
response to ACTH challenge than group-housed calves (16, 17 and lack of fibre and iron in the diet causes
abnormalities of gut anatomy and physiology (11,18,19).
As a consequence of the evidence of poor welfare in veal calves, the European Union passed a Directive in 1997
which required group-housing of calves after 8 weeks of age, individual pens at least as wide as the height of the
calf at the withers, no tethering of calves except for <1 h at feeding time, sufficient iron to ensure an average
blood haemoglobin of 4.5 m mol l-1 and fibre in the diet increasing from 50 g per day at 8 weeks to 250 g pr day
at 20 weeks. Many E.U. calf producers have found group-housing of calves to be more successful economically
than the old crate system and white veal can still be produced from systems which comply with the new law.

The Welfare of Cows
The major welfare problems of dairy cows are lameness, mastitis, and any conditions which lead to impaired
reproduction, inability to show normal behaviour, emergency physiological responses or injury.

Leg and foot problems
For a recent review of lameness, including the extent to which it is a welfare problem, see Greenough and
Weaver (20). Almost all animals which walk with a limp, or reduce walking to a low level, or avoid walking
whenever possible suffer from some leg or foot pain. Their ability to carry out various preferred behaviours is
generally impaired and there may be adverse consequences for various other aspects of their normal biological
functioning. Lameness always means some degree of poor welfare and sometimes means that welfare is very
poor indeed.
Measurements of the extent to which some degree of lameness occurs in dairy cows include 35 - 56 cases per
100 cows per annum in the USA, 59.5 cases per 100 cows per annum in the UK, and more than 83% of
examined cows in the Netherlands. The actual figures depend upon the method of assessment and most of these
cases were not treated by veterinary surgeons but there is no doubt that lameness is often a severe welfare
problem.

Mastitis

Mastitis in mammals is a very painful condition. The sensitivity to touch of affected tissues is clearly evident
and there is obvious damaging of normal function. Mastitis prevalence should have declined greatly with
improved methods of prevention and treatment but it has not declined as much as it should have done. Webster
(21) reports 40 cases of mastitis per 100 cows per year as an average for the UK.

Reproductive problems
Reproductive problems in dairy cows have become very common in recent years with large numbers of cows
being culled because of failure to get in calf. In a study of 50 dairy herds in England, Esslemont and Kossaibati
(22) found that farmers reported failure to conceive as the predominant reason for culling with 44% of first
lactation, 42% of second lactation and 36.5% of cows in total being culled for this reason. However, mastitis,
feet and leg problems, ketosis and other disease conditions can lead to reproductive problems and it is difficult to
discover their initial cause from farmers' records. A report by Plaizier et al (23) concerning Canadian herds
indicated that reproductive culling risk varied between 0 and 30% with a mean of 7.5%.

Housing systems and welfare
The incidence of lameness is much worse in housed cows than in cows at pasture. Cows at pasture may have
stone damage to hooves if they do not have a suitable place to walk but wet cubicle houses or poorly maintained
straw yards can result in very high levels of lameness. Even the best cubicle housing systems seem to have some
lameness problems which are exacerbated by social factors (24). Since the best straw yards, with an abrasive
area on which normal hoof wear occurs, have little lameness, these may be the best solution for housed cows.
Mastitis incidence is affected by hygiene at milking and various other conditions of management. Poorly
designed housing systems can result in a variety of welfare problems and these can be exacerbated by high
stocking density. Most of these problems, such as those resulting from cubicles being too short for the length of
the cows now occupying them or of poor design of cubicles which do not allow adequate movements in the cow,
are well known so are mentioned briefly here. In general it seems that many dairy cow housing systems, and
cubicles in particular, do not provide an environment to which cows can adapt easily, The best straw yards seem
to be the most successful as they give the cows more opportunity to control their interactions with their
environment.

Milk yield and welfare in dairy cows
The dairy cow of 1998 may produce 18000l. or more of milk per annum with a peak milk yield of 75l. per day.
This compares with UK figures of 6000l. and 30l. per day 10 years ago (21) and a beef cattle average of 1 2000l. and 10l. per day. The dairy animal is producing considerably more than its ancestor would have. This
raises questions of whether it is at or beyond its maximum production level and the extent of any welfare
problems.
The peak daily energy output of the dairy cow per unit body weight is not very high in comparison with some
other species such as seals or dogs but the product of daily energy output and duration of lactation is very high
indeed. Hence long term problems are the most likely to occur (25). This is what we see because, although some
cows seem to be able to produce at high levels without welfare problems, the risk of poor welfare indicated by
lameness, mastitis or fertility problems is greater as milk yield increases.
The steady increase in reproductive problems as milk yields have increased is well known. As Studer (26) states,
"despite programmes developed by veterinarians to improve reproductive herd health, conception rates have in
general declined from 55-66% 20 years ago to 45-50% recently (27,28,29,30). During the same periods, milk
production has greatly increased."
Studies showing that milk yield is positively correlated with the extent of fertility problems have come from a
range of different countries (31,32,33,34,35,36,37). Studer (26) explains that high producing cows which are
thin and whose body condition score declines by 0.5 1.0 during lactation often experience anoestrus. A loss of
condition score of about 1.0 during lactation was normal in the review presented by Broster and Broster (38).

Data on the relationships between milk yield and reproduction measures from two large scale studies are
presented in Tables 2 and 3.
In some studies, effects of health problems on reproduction are evident, for example Peeler et al (39) showed
how cows which were lame in the period before service were less likely to be observed as being in oestrus. The
lameness could be more likely in high producing cows. Direct links between level of milk production and extent
of disease conditions are also evident from a range of studies, positive correlations being reported by Lyons et al
(40), Uribe et al (41) and Pryce et al (36,37 see Tables 2, 3). In addition to mastitis and leg and foot problems,
which are often measured in such studies, the occurrence of other clinical conditions can also be affected by
production level. Modern, high producing cows with good body condition have a high incidence of milk fever,
retained placenta, metritis, fatty liver and ketosis (26).
Table 2. Positive correlations between milk production level and indicators of poor welfare (from Pryce et
al, 36).
Milk yield from 33,732 lactation records:
calving interval
days to first service
mastitis
foot problems
milk fever

0.50
0.43
0.21
0.29
0.19

+
+
+
+
+

0.06
0.08
0.06
0.11
0.06

Table 3. Positive correlations between milk production level and indicators of poor welfare (from Pryce et
al, 37).
Milk yield from 10,569 lactation records:
calving interval
days to first service
mastitis
somatic cell count
foot problems

0.28
0.41
0.29
0.16
0.13

+
+
+
+
+

0.06
0.06
0.05
0.04
0.06

The high yields of modern dairy cows are a consequence of genetic selection and feeding. Cows are adapted to
high fibre, low density diets. The ways in which they have been modified genetically do not change these basic
characteristics much. Cows do not adapt easily to high grain diets or to manufactured diets with high protein and
low fibre. Genetic selection has not taken adequate account of the adaptability and welfare of cows. Current
trends towards ever greater milk production and feed conversion efficiency should not be continued unless it can
be insured that welfare is good (42,43). Bovine somatotrophin (BST) results in high milk yields and higher
levels of mastitis, lameness, reproductive disorders and other problems such as those at the injection site
(44,45,46,47,48). Whether or not much of the effect of the genetically engineered hormone is a consequence of
the milk yield, the poorer welfare caused by the BST is unacceptable.
The Report of the E.U. Scientific Committee on Animal Health and Animal Welfare on Animal Welfare Aspects
of the Use of Bovine Somatotrophin concluded that the use of BST as follows.
BST is used to increase milk yield, often in already high-producing cows. BST administration causes
substantially and very significantly poorer welfare because of increased foot disorders, mastitis, reproductive
disorders and other production related diseases. These are problems which would not occur if BST were not
used and often results in unnecessary pain, suffering and distress. If milk yields were achieved by other means

which resulted in the health disorders and other welfare problems described above, these mans would not be
acceptable. The injection of BST and its repetition every 14 days also causes localised swellings which are likely
to result in discomfort and hence some poor welfare.
The Committee also made the following Recommendation. BST use causes a substantial increase in levels of
foot problems and mastitis and leads to injection site reactions in dairy cows. These conditions, especially the
first two, are painful and debilitating, leading to significantly poorer welfare in the treated animals. Therefore
from the point of view of animal welfare, including health, the Scientific Committee on Animal Health and
Animal Welfare is of the opinion that BST should not be used in dairy cows.
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Abstract: Behavioral pattern was investigated in dairy cows milked in an automatic milking system
(AMS) in contrast to cows milked in a conventional milking parlor. Forty-eight Holstein cows were
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groups were milked twice a day at 0500 and at 1500 for 30 d before commencement of the experiment,
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consumed total mixed rations ad libitum, provided once a day between 0500 and 0600 in indoor feed
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1900 for 30d. The number of cows lying down, standing in the stalls, standing in the passageway, and
eating was recorded every 10 min. Analyses of variance were used to compare time serial changes in
behavioral states between groups. Although the time serial changes in the behavioral states were not
different between groups after returning from paddocks, they became significantly different between
groups for all four recorded behavioral states after the onset of milking. Ethograms during the 11-h
observation period showed that cows in the AMS group spent less time eating at the feed bunk and
standing in the stalls to compensate for the longer time standing in the holding area. The results indicate
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associated with acute haemorrhage in cows in second and later parities, and sole ulcer in one leg only in
first parity cows in an interaction with lactation stage in both conditions. Danish Friesian cows were
strongly associated with sole disorder, although the combination of lactation stage from 61 to 120 d post
partum in cows of other dual-purpose breeds was positively associated with the presence of sole ulcer in
one leg only in first parity cows. The time of year for claw trimming was a risk factor for acute
haemorrhage in first parity cows, with the period from December to January most strongly associated
with acute haemorrhage. Previous disease treatment was a risk factor for sole ulcer in two or more legs in
second and later parities. Udder related disorders and disorders other than reproductive problems were
positively associated with the occurrence of sole ulcer. Body weight at calving was associated with acute
haemorrhage in cows in second and subsequent parities. Body weight lower than the mean herd level by
> 50 kg was negatively associated with acute haemorrhage.
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32 calves: solid and extended partitions preventing all contact). All but 16 out of the 32 isolated calves
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Abstract: The objectives of this study were to determine effects of housing design (calves tethered in
open stalls vs untethered in individual pens) and widths of 56, 66, and 76 cm (2 x 3 factorial arrangement
of treatments) on indicators of stress and behavior in special-fed veal calves. Three production cycles
(groups) were used, each with 36 Holstein bull calves. Calves (n = 108) were randomly allotted to
treatments upon arrival at the facility. Blood samples were collected four times (wk 4, 9, 13, and 18)
during the 18-wk production cycle. Blood serum values for cortisol and (alpha1)-acid glycoprotein
(AGP) exhibited few treatment differences. Blood leukocyte differential counts at 4 and 18 wk
(segmented neutrophils [N], banded neutrophils, lymphocytes [L], basophils, and the N:L ratio) were not
different (P > .05) among housing designs or widths. However, there were differences (P < .05) in
monocytes and eosinophils during the 28-d period after arrival; calves in stalls 76 cm wide had the
greatest percentage of both leukocytes, and calves in the 66-cm stalls had the lowest monocyte
percentage. Calves were recorded on videotape during wk 4, 13.5, and 18 to determine frequencies and
durations of postures and behaviors (e.g., lying, standing, chewing, tongue playing, grooming, and
investigative activities). There were no consistent differences (P > .05) in postures or behaviors among
calves in different housing designs or widths. Calves spent approximately 71 and 31% in lying and
standing positions, with no preference for the right or left side while recumbent. There was a tendency
for calves in wider stalls or pens at wk 9 and 18 to exhibit more self-grooming activities. Tongue playing
and investigative and chewing activities were exhibited in all treatments, but no differences (P > .05)
were observed. However, calves housed in the 56-cm pens displayed difficulty in changing from lying to
a standing position and were unable to extend one or more legs while recumbent. Even though there were
few differences in behavioral, physiological, growth, or anatomical traits in this study, further increases
in age and(or) weight of finished calves will require a reassessment of the appropriateness of individual
veal calf housing design and dimensions.
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Abstract: The successful integration of automated milking into the farm will depend partly on the
behaviour of the cow. Diurnal patterns of behaviour and behaviour associated with the use of an
automatic milking stall were recorded at 10-min intervals for 5 consecutive days for nine early lactation
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from milking was hesitant, with cows delaying at both entry and exit gates of the milking stall. A
consistent milking order developed becoming more variable as the number of millings per cow per day
increased, associated with a similar reduction in synchrony for the maintenance behaviours. Daily
activity budgets suggested accommodation to the system through conservation of feeding time and a
decrease in lying time. Cows became accustomed to waiting to enter the stall as the experiment
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Abstract: The annual genetic trend for milk yield of Holsteins in the United States has accelerated with
time and had means of 37 kg during the 1960s, 79 kg during the 1970s, 102 kg during the 1980s, and 116
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angularity have been included in selection programs and have altered the appearance and physiological
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despite mounting evidence that smaller cows have advantages for survival and efficiency. Favorable
emphasis on cows that appear sharper might result in cows that are more prone to metabolic problems.
The high intensity of current selection in the United States has brought about a rapid increase in genetic
relationships among animals. Increased relationships will inevitably result in undesirable levels of
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Keywords: dairy cows, Holstein-Friesian, genetic trend, milk yield, body weight, selection intensity,
inbreeding depression, selection responses, female fertility.
Hansen, L.B., J.B. Cole, G.D. Marx, and A.J. Seykora (1999). Productive life and reasons for disposal of
Holstein cows selected for large versus small body size. Journal of Dairy Science 82 (4): 795-801.
NAL Call No.: 44.8 J822
Abstract: Holstein cows were compared for direct and correlated responses to selection for large versus
small body size. The divergent selection lines differed for body weight, body dimensions, and birth
weight of calves but did not differ for production or calving ease. Also, cows in the small line required
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Abstract: A variety of autosomal recessive defects, many lethal to the newborn calf, have been
recognized in Australia. Definition of a defect at the biochemical or molecular level facilitates
development of heterozygote detection tests essential for efficient disease control programs. The
prevalence of alpha-mannosidosis in Angus and Murray Greys, generalized glycogenosis in Brahmans
and Shorthorns, and citrullinemia in Holstein/Friesians has been reduced as a result of industrysponsored disease-control programs. These defects were disseminated as a consequence of selection
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Abstract: A primary objective of the Wisconsin Dairy Modernization Survey was to compare features of
free‑stall barns available to dairy producers. This study used data from a large random sample of
expanding dairy farms to determine whether the theoretical benefit of particular free‑stall configurations
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Producers who made the transition from tie‑stall housing to free‑stall housing were satisfied with this
decision. New free‑stall barns provided a more desirable environment for the herds than remodeled
free‑stall barns, although initial investments were higher. When new free‑stall barns were compared,
herds with four‑row barns had higher production, lower somatic cell count, and higher stocking rates
than herds with six‑row barns. Respondents were more satisfied with four‑ and six‑row barns than with
two‑ and three‑row barns. Respondents felt sand provided some advantages for cow comfort, while
satisfaction with bedding cost and manure handling was higher with mattresses. Dairy Herd
Improvement data showed no difference in milk production or somatic cell count for producers who
chose sand or mattress‑based free stalls. Respondents were more satisfied with the use of drive‑through
feeding than other feed‑delivery designs. Most producers chose to use tractor scrapers to remove manure;
however, producers who used automated systems were more satisfied with manure management. Few

differences were observed when comparing self‑locking head gates to palpation rails. Overcrowding did
not have any adverse affect on production or user satisfaction with feed intake or cow comfort. Using
supplemental cooling appeared to facilitate higher production.
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Abstract: Holstein cows (n = 64) ranging from peak to end lactation were restrained in self-locking
stanchions (i.e., head locks) for approximately 4 h/d for four periods in a modified switchback design.
Milk yield, milk fat percentage, somatic cell count, and dry matter intake and dry matter intake were
unaffected by restraint. Milk protein percentage was significantly lower for cows that were restrained.
Plasma cortisol concentrations and the ratio of neutrophils to mononuclear cells were not significantly
different between restrained and unrestrained (control) cows. No difference in the incidence of mastitis
or other health concerns was noted. Behaviorally, cows that were locked in the stanchions spent
significantly more time lying after release from restraint. For cows that were locked up, eating frequency
over 24 h was significantly reduced, but dry matter intake was not affected. Total rumination frequency
over 24 h was not significantly different for cows that were restraubed; however, cows that were
restrained ruminated less during the day following release. Grooming was considered to be a behavioral
need and was significantly increased during all times when cows were not locked up. Grooming was also
one of the first behaviors performed following release. Acts of aggression were elevated during all
periods following restraint, but oral behaviors, such as tongue playing and chewing on objects, drinking
behavior, and resting postures were not affected. The use of self-locking stanchions did not appear to
affect substantially the overall well-being of the cow.
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Abstract: In survival analysis, type traits can be included as covariates to evaluate their use as predictors
for survival. One problem in such an analysis is the availability of suitable data. Whereas data on the
length of productive life (LPL) of individual cows can be retrieved from milk recording data, for type
traits, all cows in the population must be scored for type at least once. In the present analysis, a dataset
from the Osnabruck region in northwestern Germany, which fulfilled this requirement in recent years,
was used. Data consisted of 169,733 cows with information on LPL for calving years 1980 to 1996
(dataset I) and of 39,233 cows with information on LPL and type for calving years 1990 to 1996 (dataset
II). A further dataset (III) contained 43,116 cows from calving years 1987 to 1996 and included
information on the housing system for each herd. The basic model included stage of lactation, relative
production within herd, change of herd size, and year‑season as time dependent effects; age at calving as
a time‑independent effect; and herd‑year‑season and sire as random effects. Other effects (information on
type, housing system) were included additionally. For dataset II, the scores for 15 linear type traits were
also included as corrected phenotypic values, estimated breeding values, and residuals from a previous
BLUP analysis. The package Survival Kit 3.0 was used for all analyses. The results indicate a moderate
heritability of 0.17 and 0.18 for true and functional LPL (dataset I). Almost all type traits analyzed
(dataset II) exceeded a 0.001 level of significance in their effect on survival. The strongest relationships
between survival and type were found for udder depth, fore udder attachment, and front teat placement.
The main result from the comparison of housing systems (dataset III) was that bedding has a positive
effect on survival.
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Abstract: Measurements of ammonia emission, especially from cattle buildings, are needed to assess the
environmental impact of ammonia. There are no data available for cattle buildings in the United
Kingdom because most buildings are naturally ventilated and methods for long‑term measurement of
emission from naturally ventilated buildings have not been developed. Two measurement methods, based
on either the release of a tracer gas or on the pressure difference across ventilation openings, were
validated in a full‑scale cross‑section of a naturally ventilated livestock building against a known release
rate of a gaseous pollutant at high and low wind speeds. A good correlation between the measured and
the actual release rates was found for the tracer gas method with an average recovery rate of 108%. The
method based on pressure difference failed to estimate the ventilation rate correctly when only measured
pressure coefficients were used, because the measurements of mass flow rates in and out through all
openings of the building failed to balance. The traditional approach, based on measured values for the
external pressure coefficients and an estimate of the internal coefficient balanced the flow through the
building by definition, but failed to estimate the actual emission rate correctly. Current knowledge of the
discharge coefficient for the opening designs of the building is insufficient for the pressure difference
method to be used to estimate the ventilation rate. Using the tracer method, measurements were carried
out between February and May 1996 in a straw‑based beef house and a slurry‑based dairy cow house
with cubicles and scraped passage ways. The buildings were space boarded and had a covered ridge. The
ammonia emission was estimated to be 3.5 and 8.9 kg NH3 per livestock unit per year for the beef and
dairy buildings, respectively.
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Abstract: A series of experiments were conducted on dairy calves (Bos taurus) to assess, by way of
circulating cortisol, the impact of a parasitic infection as a systemic stressor. The first study was designed
to assess the effects of chronic stress on dairy calves resulting from a large bolus inoculation of the
nematode parasite, Ostertagia ostertagi. Peripheral cortisol concentrations and adrenal cortical
competency to adrenocorticotropic hormone (ACTH) challenge were utilized as indicators of chronic
stress for 5 weeks. Calves were cleared of nematodes by anthelminthic treatment after the third week of
infection. Calves were challenged with ACTH on weeks 0 and 2, and blood samples were obtained at a
12 x 10-min bleeding schedule. Cortisol concentrations were significantly higher (P < 0.05) in the
infected calves than in the uninfected calves. The maximal response level to the ACTH challenge was
also higher while the calves were infected. Two additional experiments were conducted to investigate the
effects of experimental procedures that became evident during Experiment 1. Firstly, calves that had
previously been fitted with jugular cannulae were sampled from 3 hr predawn until 5 hr after dawn under
red-or white-light incandescent illumination. Calves under red lights had lower initial cortisol
concentrations but increased to the concentrations in calves under white lights, indicating a compounding
effect of lighting with the procedures of blood-sample acquisition. Secondly, 12 calves were inoculated

with 10,000, 100,000, or 200,000 third-stage, infective larvae of O. ostertagi. Blood samples were
obtained similarly to the regimen in Experiment 1. Cortisol concentrations were elevated only in the
200,000-dose.
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units, through differences in stockmanship, work attitudes or behaviour, which in turn may affect
animals' fear responses, productivity and health. A survey was conducted on 50 commercial farms
affiliated to the same veal company. All units had calves housed in individual crates, a similar number of
crates, and the same diets and management advice. Data were collected on: building and general farm
characteristics, farmers' backgrounds and their attitudes towards their work and calves, farmers'
behaviour food efficiency and mortality) were used to classify veal units as 'high producing' (no. = 24) v.
"moderate producing" (no. = 26). Calves were less reactive to people in units where the farmer behaved
sympathetically and where there were several stockpersons working. The disease level was lower in units
where the farmer had a positive attitude towards the sensitivity of the calves to contact and towards the
importance of cleaning. Productivity of the veal unit was associated with the health of the calves but not
with their reactivity to people. It is suggested that the farmer can have an influence on the success of the
veal unit mainly through his/her ability to control the health of the calves and that a positive attitude
towards animals and towards work (specifically cleaning actions) can improve the accuracy of
surveillance and care of the animals. Moreover, through his/her behaviour with the calves and his/her

ability to control their health, the farmer can play an important role in assuring calves' welfare.
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Abstract: The relationships between farmers' behavior toward veal calves, calves' responses to handling
and transport, and veal meat quality were assessed. Two groups of 10 veal units were selected based on
previous observed farmers' behavior toward the calves: one group consisted of farmers who had shown
predominantly "positive" behavior toward the calves, and the other group of farmers had shown
predominantly "negative" behavior. Calves were observed for their reactions to people at the unit, and 20
calves per veal unit were transported either directly to the slaughterhouse or subjected to additional
transport consisting of a supplementary 20-min transport with additional unloading and loading. The
effort needed to load the calves onto the truck and their behavior during loading was observed. During
loading and unloading, and during lairage at the slaughterhouse, potentially traumatic incidents (falling
down, hits against structures, slips) were recorded, and heart rate and cortisol measurements were taken.
Carcasses were evaluated on their weight, color, conformation, pH, and bruise level. A meat sample was
taken from the longissimus thoracis muscle for physical, chemical, and sensory analysis. Calves
originating from "positive behavior" units showed fewer fear responses to people at the veal unit, needed
less effort to be loaded to the truck, had lower heart rates during loading and unloading, and had fewer
incidents at the slaughterhouse than calves from "negative behavior" units (P < 0.05). Carcasses from
calves from "positive behavior" units were paler, and analyses of the meat sample revealed lower pH,
moisture level, and redness compared to carcasses from calves from "negative behavior" units (P < 0.05).
Additional transport led to a lower cortisol level after transport and to higher carcass pH values at
slaughter compared to direct transport (P < 0.05) but did not affect meat quality. We concluded that
farmers' positive behavior toward veal calves during rearing is likely to reduce the emotional responses
of calves to handling and transport and to lead to fewer incidents, compared to negative behavior. This
reduction of calves' emotional responses seems to be the reason for improved veal meat color.
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Abstract: We studied the importance of the stock-person's behavior on veal calf behavior using 22 veal
calves housed in individual crates. Eleven calves received minimal contact from the stockperson, and the
other 11 calves were stroked and allowed to suck the stockperson's fingers after each meal during the
entire fattening period (21 wk). The effects of this additional contact with the stockperson on the calves'
responses to people was studied, when in their home environment (crate) or outside their home
environment (singly in a novel arena). When tested in their home environment, the calves receiving
additional contact withdrew less from the approach of humans (familiar or unfamiliar) (P < .05)
compared with control calves. When tested outside the home environment with a human (familiar or
unfamiliar) standing motionless, calves that had received additional contact interacted more frequently
and for a longer time with the humans and defecated less often compared with control calves (P < .05). In
conclusion, being stroked and sucking the stockperson's fingers seemed to be experienced as positive by
the calf, because they reduced withdrawal from and increased approaches to familiar and unfamiliar
humans in familiar and unfamiliar environments. Such a lower reactivity to people could improve ease of
handling, animal performance, and animal welfare.
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Abstract: It has been demonstrated previously that regularly stroking and letting calves suck fingers leads
to less avoidance and more approach behavior of the calves toward people. To examine whether these
positive contacts affect the welfare and productivity of calves and the quality of veal meat we used 22
veal calves housed in individual crates. Half of them received minimal contact with the stockperson
(controls), and the other half were given additional gentle contacts around meals, by stroking the calves
and allowing them to suck the stockperson's fingers, during the entire fattening period (21 wk). Welfare
was assessed through behavioral reactivity (reactions to handling, to surprise stimuli, and to novelty),
neuroendocrine responses to stress (cortisol in response to an ACTH challenge, catecholaminesynthesizing enzymes), and health (number of medical treatments, abomasal lesions). Calf productivity
was assessed through growth rates and meat quality through glycolytic potential (an estimator of resting
glycogen level in muscle), pH, and color. Calves that received gentle contacts were less agitated (P < .01)
and tended to defecate less (P = .08) when handled in a cart on wheels than the control calves, but no
treatment effects were found in reactivity to novelty and surprise stimuli, responses to ACTH, and
catecholamine synthetic potential. Calves given gentle contacts had fewer abomasal lesions than controls
(0/11 vs 4/11, P = .05). The glycolytic potential of the semimembranosus muscle was higher in calves
that received gentle contacts than in controls (172.6 vs 154.1 micromol/g, P < .05), but no treatment
effects were observed on meat pH, meat color, or growth rates. It is concluded that gentling veal calves
reduces their reactions to handling. Gentle contacts reduce the reaction to transport shown by differences
in glycolytic potential. In addition, the reduction in reactions to handling and the decreased incidence of
abomasal lesions can contribute to an improvement of the calves' welfare.
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greater incidence of lying and of ruminating, but to a decreased incidence of eating and grazing.
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agreed well with automated recording of animal motion. Tail motion showed no statistically significant
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response) to shorter duration or higher frequency waveforms. The strength-duration relationship
observed for cows agreed well with neuro-electrical models previously verified by human response.
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Abstract: To improve the slip resistance of solid floors in dairy cow houses and to achieve the ammonia
emission reduction prescribed by the Dutch government, precast concrete floors with grooves and a dung
scraper were investigated. The grooves parallel to the alley had 160 mm center‑to‑center spacing and
were 35 mm wide and 30 mm deep. The urine could drain along the grooves. Perforations in the grooves
were spaced 1.1 m apart and could be open or closed. When the perforations were open, urine could be
drained directly into a slurry pit below. In case of closed perforations, draining of urine was only possible
at one alley end. The feces were dragged to one end of the alley using a scraper, provided with facilities,
that also cleaned the grooves. The floor system was constructed in a compartment of a mechanically
ventilated experimental cow house. In another compartment a traditional slotted floor served as a
reference. Ammonia emissions from both compartments were recorded continuously. The effects on
ammonia emission and the performance of the perforations in the floor were determined. The floor
system was also implemented into various practical farms and some practical experiences were gathered.
Ammonia emission from the compartment with the grooved solid floor operating with open perforations
was reduced by 46% compared with the reference compartment. Closing of the perforations resulted in
an ammonia emission reduction of 35% compared to the reference compartment.
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concrete floors, dung scrapers.
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Abstract: Behavioral pattern was investigated in dairy cows milked in an automatic milking system
(AMS) in contrast to cows milked in a conventional milking parlor. Forty-eight Holstein cows were
allocated to two groups of 24 animals. The two groups were housed in adjacent free stall pens. Both
groups were milked twice a day at 0500 and at 1500 for 30 d before commencement of the experiment,
one in a two-stall AMS (AMS Group), the other in a 16-stall herringbone parlor (Parlor Group). The
respective holding areas were used to encourage cows to enter the milking compartments. All cows
consumed total mixed rations ad libitum, provided once a day between 0500 and 0600 in indoor feed
bunks. Cows in both groups were allowed daily access to two adjacent outdoor paddocks from 1030 to
1230. Behavioral observations were carried out in the free stall barn from 0400 to 0900 and from 1250 to
1900 for 30d. The number of cows lying down, standing in the stalls, standing in the passageway, and
eating was recorded every 10 min. Analyses of variance were used to compare time serial changes in
behavioral states between groups. Although the time serial changes in the behavioral states were not
different between groups after returning from paddocks, they became significantly different between
groups for all four recorded behavioral states after the onset of milking. Ethograms during the 11-h
observation period showed that cows in the AMS group spent less time eating at the feed bunk and
standing in the stalls to compensate for the longer time standing in the holding area. The results indicate
that AMS milking with a holding area affects social synchronization of cows eating and resting and
reduces time spent eating.
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Abstract: This study assessed the extent to which eating solid foods and social contacts influence
nibbling objects and improve the welfare of veal calves. Animals were fed milk replacer only vs.
supplemented with solid foods and were housed in individual stalls vs. together in pens. Time budget,
reactions to handling in a weighing machine, growth, health (length of medical treatments) and abomasal
lesions were assessed. In addition, chronic activation of the hypothalamo--pituitary--adrenocortical axis
was evaluated after ACTH and CRF challenges, and that of the sympathetic nervous system, through
activities of catecholamine-synthesising enzymes. The provision of solid foods reduced time spent
nibbling objects and being inactive in proportion to and at the time of the increase in time spent eating
and chewing. The calves housed together in pens had higher basal cortisol levels and they reacted to
weighing. Health and physiological indices of chronic stress did not vary with feeding or housing
conditions. It is concluded that nibbling in veal calves derives at least in part from a lack of development
of feeding behaviour appropriate to ruminants. There was no clear evidence of poorer welfare due to
feeding on milk replacer only or individual housing, but calves reared in groups seemed more stressed by
handling than calves reared in individual stalls.
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Abstract: The aim of this work was to assess the role of social and physical enrichment in the adaptation
of veal calves totheir environment. We compared calves housed in individual stalls that varied in the
extent of contacts they allowed between neighbors (16 calves: open partitions; 16 calves: solid partitions;
32 calves: solid and extended partitions preventing all contact). All but 16 out of the 32 isolated calves
were provided with a piece of tire and a chain, objects they could easily nibble. We assessed time budget,
behavioral reactions to a water throw, neuroendocrine responses to stress (ACTH challenge and
catecholamine synthesis), health, and growth. Calves kept in isolation displayed more startled reactions
(16 isolated calves vs 5 non-isolated calves were startled by the throw, P < .05). Calves without objects
spent more time nibbling at the feeding grille (5 vs 3% time, P < .01), licking their lips and tonguerolling (7 vs 4% time, P <.05). Social contacts and the provision of objects had no incidence on
neuroendocrine measurements and growth. Contacts with neighbors resulted in a slight but
nonsignificant rise in disease. Depriving calves of social contacts increases behavioral reactivity,
probably because there are no peer animals through which reactions can be moderated, and the lack of
adequate objects to nibble promotes self-directed activities.
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Abstract: This paper describes a systematic study of the development of lesions of the claw horn (CHL,
sole and white line) in heifers calving for the first time, housed either in cubicles or a straw yard and fed
either a low‑ or high‑dry‑matter forage diet. The feet of all animals were inspected on five occasions, at
approximately four weeks before and four, eight, 16 and 24 weeks post calving. Haemorrhagic lesions of
the sole and white line were described according to a geometric lesion score for severity and a
cumulative lesion score based on the product of (severity x area) for each lesion. Geometric and
cumulative lesion scores increased in all groups of cattle in the first eight weeks after calving. However,
the severity and persistence of the lesions were significantly greater in cattle housed in cubicle yards.
Wet feeding increased the severity of CHL in the cubicle yard only. There were no associations between
lesion scores and body weight, body condition or foot conformation. The heels of the cattle in straw
yards tended to be thick but many showed pitting erosions. In cubicles the heels were smooth but thin.
This may have contributed to CHL by increasing concussive forces within the hoof. There was a highly
significant (but relatively low) correlation between scores for sole lesions and lameness in individual
animals. These observations are consistent with the hypothesis that systemic events associated with
calving and the onset of lactation may set in motion the chain of events that lead to the lesions of CHL;
the extent and severity of these lesions being then determined by the externally imposed conditions of
housing and feeding.
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Abstract: The objectives of this study were to determine effects of housing design (calves tethered in
open stalls vs untethered in individual pens) and widths of 56, 66, and 76 cm (2 x 3 factorial arrangement
of treatments) on indicators of stress and behavior in special-fed veal calves. Three production cycles
(groups) were used, each with 36 Holstein bull calves. Calves (n = 108) were randomly allotted to
treatments upon arrival at the facility. Blood samples were collected four times (wk 4, 9, 13, and 18)
during the 18-wk production cycle. Blood serum values for cortisol and (alpha1)-acid glycoprotein
(AGP) exhibited few treatment differences. Blood leukocyte differential counts at 4 and 18 wk
(segmented neutrophils [N], banded neutrophils, lymphocytes [L], basophils, and the N:L ratio) were not
different (P > .05) among housing designs or widths. However, there were differences (P < .05) in
monocytes and eosinophils during the 28-d period after arrival; calves in stalls 76 cm wide had the
greatest percentage of both leukocytes, and calves in the 66-cm stalls had the lowest monocyte
percentage. Calves were recorded on videotape during wk 4, 13.5, and 18 to determine frequencies and
durations of postures and behaviors (e.g., lying, standing, chewing, tongue playing, grooming, and
investigative activities). There were no consistent differences (P > .05) in postures or behaviors among
calves in different housing designs or widths. Calves spent approximately 71 and 31% in lying and
standing positions, with no preference for the right or left side while recumbent. There was a tendency
for calves in wider stalls or pens at wk 9 and 18 to exhibit more self-grooming activities. Tongue playing
and investigative and chewing activities were exhibited in all teatments, but no differences (P > .05) were
observed. However, calves housed in the 56-cm pens displayed difficulty in changing from lying to a
standing position and were unable to extend one or more legs while recumbent. Even though there were
few differences in behavioral, physiological, growth, or anatomical traits in this study, further increases
in age and (or) weight of finished calves will require a reassessment of the appropriateness of individual
veal calf housing design and dimensions.
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Abstract: In three experiments, the effects of venipuncture on plasma cortisol concentrations were
studied in loose-housed dairy cows. In Exp. 1, two blood samples were collected 18 min apart on three
alternate days from 20 dairy cows for studying their adrenocortical response to a single venipuncture. To
further evaluate the effect of cows anticipating venipuncture, in Exp. 2, 15 dairy cows were sequentially
venipunctured once daily on 12 successive days in a randomized order in groups of five, starting 15 min
apart. In Exp. 3, 10 primiparous cows were used on three alternate days to study habituation to serial
sampling (i.e., collection of first blood samples by venipuncture, 15min apart). In cows accustomed to
handling, jugular puncture did not affect cortisol concentrations in plasma collected 18 min later.
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0) and between 1.43 +/- .15 and 2.61 +/- .72 ng/mL in the second (t = 18) blood samples. Likewise, when
cows were sampled sequentially once a day, the order of sampling between and within groups did not
influence (P > .05) plasma cortisol concentrations. In contrast, primiparous dairy cows that were less
used to being handled showed an average increase in cortisol concentrations when five samples were
collected by venipuncture 15 min apart. During successive sampling sessions, however, the cows did not
decrease of increase plasma cortisol concentrations in response to repeated serial sampling at the group
level (P > .05). Between individuals, the maximum effect of repeated venipuncture on cortisol
concentrations (4.5 to 22.6 ng/mL), the time at which the effect reached its maximum (30 to 60 min), and
the consistency of the response pattern over successive series varied largely. The results of this study
show that in cows that were accustomed to the handling and to being restrained, baseline cortisol
concentrations can be measured in single blood samples that are collected by jugular puncture within 1
min after first approaching the cow. When successive blood samples need to be collected within 15 to 20
min, jugular puncture may induce an increase in cortisol concentration, which seems to depend on the
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Abstract: This study examined whether dairy cows could distinguish among people based on the
treatment received, whether cows used color as a cue to make this discrimination, and whether cows
generalized their discrimination to other locations. Twelve cows were each repeatedly treated in a special
treatment stall by two people wearing red or yellow overalls. One person always treated the cows
aversively, and the other always treated them gently. The distance between each person and each cow in
the home stall and in the treatment stall was scored during tests. Before treatment, the distances that cows
maintained from the two people were uncorrelated, and the distances that they maintained in the
treatment stall were uncorrelated with those in the home stall. Before and after treatments, the cows
stood further from the handlers in the treatment stall than in the home stall, regardless of color of the
overalls. Defecation and urination were more frequent during aversive treatments. After treatment, the
cows stood further from the aversive handler than from the gentle handler in both stalls, and distance
from the aversive handler was positively correlated with distance from the gentle handler. The cows did
not discriminate when the aversive and gentle handlers wore blue overalls (as worn by the usual barn
handlers), when two unfamiliar people wore the same color overalls as the handlers, or when the cows
were shown photographic slides of the two handlers. In conclusion, the cows learned to discriminate
among the handlers, partially based on the color of the clothes worn. This discrimination was generalized
to another location.
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Abstract: Tail docking is a common practice on many dairy farms, and is perceived by many farmers to
improve cleanliness and enhance milking parlour efficiency. It is a controversial practice attracting
increasing scrutiny by the animal welfare community. Scientific studies have been performed to evaluate
physiological and behavioural responses to tail docking in preweaned calves and preparturient heifers.
The effect of tail docking on animal behaviour, indicators of pain, fly avoidance behaviours, immune
responses and circulating plasma cortisol have been reported. Additional studies have been performed to
evaluate the effect of tail docking on cleanliness and udder health in lactating dairy cows. The purpose of
this paper is to review current research related to tail docking in dairy cattle.
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Abstract: The objective of this study was to determine the effect of tail docking on somatic cell count
(SCC), intramammary infection (IMI), and udder and leg cleanliness in commercial dairy herds.
Lactating dairy cows (n = 1250) from eight Wisconsin farms were blocked by farm and randomly
allocated to tail docked (D) or control (C) groups. Milk samples, somatic cell counts, and hygiene scores
were collected for 8 to 9 mo. The prevalence of IMI was determined for each of the five occasions when
milk samples were obtained. Udder and leg cleanliness were assessed during milk sample collection.
Docked and control animals were compared by logSCC, prevalence of IMI, and leg and udder
cleanliness score. Variables were analyzed according to all treatment, period, and farm interactions. At
the end of the study period 76 (12.2%) and 81 (13%) of cows were culled in the D and C groups,
respectively. There were no significant differences in the initial data for parity, daily milk yield, logSCC,
or DIM between treatment groups. Effects significant to farms were identified for all variables over all
periods. Period was significant for all variables except for the prevalence of environmental pathogens,
but no period x treatment interactions were detected. There was no significant difference between
treatment groups for somatic cell count. The prevalence of contagious, environmental, or minor
pathogens did not differ significantly between treatment groups. This study did not identify any
differences in udder or leg hygiene or milk quality that could be attributed to tail docking.
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Abstract: The primary objective of this study was to determine the behavioral and physiological effects
of tail banding and atrophy using rubber rings 2 to 4 mo before first parturition in dairy heifers either
with or without the use of epidural anesthesia. The secondary objective was to determine behavioral
responses to tail banding using rubber rings in calves 7 to 42 d of age. Preparturient heifers (n = 24) were
randomly assigned to one of four treatment groups: 1) tails were cleaned and handled; 2) tails were
cleaned, handled, and an elastrator band was applied to the tail; 3) an epidural was administered 15 min
before cleaning and handling; and 4) an epidural was administered 15 min before application of an
elastrator band. Behavioral observations and physiological responses were collected for 6 wk.
Additionally, behavioral responses to tail banding were recorded for 10 d on Holstein heifer calves that
were 1 to 6 wk of age (n = 40). No significant differences in behavior were observed among treatment
groups of preparturient heifers at any time during the 6-wk observation period. Preweaned calves that
were 21 to 42 d of age demonstrated significantly more restlessness after application of tail bands
compared to younger calves or control calves of the same age. Plasma cortisol values of preparturient
heifers remained within limits previously described for nonstressed animals and no significant
differences were detected among groups. Hematological values remained within the reference values for
cattle, and there were no significant differences between groups except for relatively more eosinophils in
the heifers that received epidurals. No significant differences in heart rate or body temperature were
detected among groups.
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Abstract: Cows managed for extended lactations of 16 months duration were milked on a half‑udder
basis twice or thrice daily, commencing in lactation week 9.Mammary epithelial integrity (assessed by
milk sodium:potassium ratio) was greater in the half‑udder which was milked thrice daily. This
difference was evident throughout the lactation but became greater after week 41. Milk protein
composition was assessed during late lactation (52+/‑3 weeks). Casein number (casein as a proportion of
total protein) was significantly higher in half‑udders milked thrice daily, as were the relative amounts of
alpha‑ and beta‑caseins, whilst those of kappa‑ and gamma‑caseins were reduced. Two days of inverted
milking frequency (i.e. thrice‑milked udder halves now milked twice, and vice versa) only partly
reversed these difference. We concluded that thrice‑daily milking will help to prevent or ameliorate the
usual decline in milk processing quality associated with late lactation. Part of this effect is due simply to
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Websites
Website addresses change periodically. The sites listed are current as of January 2003.
Agriculture and Agri-food Canada
http://www.agr.ca/index_e.phtml
Agriculture and Agri-Food Canada provides information, research and technology, and policies and
programs to achieve security of the food system, health of the environment and innovation for growth.
Abstracts available from "The Lennoxville Symposium on Farm Animal Welfare In Canada: New
technologies, research and world trade."
Alberta Farm Animal Care (AFAC) Association
http://afac.ab.ca
Cambrian PO Box 75028
Calgary, Alberta, Canada
T2K 6J8
Tel: (403) 932‑8050, Fax: (403) 932‑8052, Email: info@afac.ab.ca
AFAC is an association started by farmers. AFAC's goal is to promote responsible animal care and
enhance public understanding of Alberta's animal agriculture. AFAC participates in issues and legislation
that affect animal care and encourages research relevant to animal care. Website contains Farm Animal
Welfare News a publication that contains current information on farm animal welfare initiatives, relevant
issues, and research conducted in Canada. Reports, codes of practice, legislative information, and
information on training courses in dairy handling and transport are also listed.

American Dairy Science Association
http://www.adsa.org
1111 N. Dunlap Avenue
Savoy, IL 61874
Tel: (217) 356-3182, Fax: (217) 398-4119. E-mail: adsa@assochq.org
The objectives of American Dairy Science Association (ADSA) are to stimulate the discovery,
application, and dissemination of knowledge. Original research, reviews and timely information are

published in the official ADSA publication, the Journal of Dairy Science. Special topic publications
available for purchase covering dairy health, housing, and management. The ADSA website includes
additional links to university dairy related websites, breed associations, and databases.

Animal Health and Welfare
http://www.defra.gov.uk/animalh/animindx.htm
The health and welfare of animals is central to Department for Environment, Food & Rural Affair's
(DEFRA) work of protecting and improving livestock and controlling and eradicating disease. The
Animal Health and Welfare pages are divided into various subject areas including: BSE, Tuberculosis,
Identification, Animal Welfare, International Trade, Disease surveillance and control.

Animal Welfare Information Center (AWIC)
https://www.nal.usda.gov/awic
National Agricultural Library
10301 Baltimore Blvd.
Beltsville, MD 20705
Tel: (301) 504-6212, Fax: (301) 504-7125, Contact us: http://awic.nal.usda.gov/contact-us
The Animal Welfare Information Center (AWIC) located at the U.S. Department of Agriculture's National
Agricultural Library provides reference services primarily for patrons using animals covered by the
Animal Welfare Act. Farm animals used in teaching, testing, and non-production oriented research are
covered by the Act. AWIC produces bibliographies on the welfare and husbandry of swine, cattle, horses,
sheep, poultry, dogs, cats, rabbits, and rodents. The Animal Welfare Information Center Bulletin contains
several articles on agricultural animal care and use including anesthesia, analgesia, animal transport, and
animal welfare issues. The AWIC website includes these documents. The site also contains links to US
farm animal policies, guidelines, and congressional activity.

Animal Welfare Ministry of Agriculture and Forestry (MAF) New Zealand
http://www.biosecurity.govt.nz/regs/animal-welfare
Full text Codes of Recommendations and Minimum Standards available for dairy cattle and bobby calves.
Humane treatment of cattle during transport, slaughter, and sale yards covered.

Animal Well-Being and Stress Control Systems
http://www.nps.ars.usda.gov/programs/programs.htm?NPNUMBER=105
The Agricultural Research Service (ARS) is the principal research agency of the U.S. Department of
Agriculture. ARS is charged with extending the nation's scientific knowledge across a broad range of
program areas. This website describes ARS research initiatives in the area of farm animal well-being and
stress.

Annotated Database on Refinement of Housing and Handling Conditions and Environmental Enrichment
for Laboratory Animals. Part II: Cattle, Calves, Chickens, Goats, Horses, Quails, Pigs, Sheep
http://www.awionline.org/Lab_animals/biblio/refine.htm

Database of articles, abstracts, book chapters, and books on all aspects of refinement and environmental
enrichment of housing and handling conditions. Regularly updated.

Canadian Dairy Information Database©
http://cgilnt.aps.uoguelph.ca/cgi-bin/foliocgi.exe/dairy.nfo/query=*/doc/{t9}?
Provides fact sheets, research reports, codes of practice, and other materials regarding the care, health,
diseases, breeding, environment, feeding, and reproduction of dairy cattle raised in Canada.

Colonel K.L. Campbell Centre for the Study of Animal Welfare
http://www.aps.uoguelph.ca/~csaw/
Located at the University of Guelph, the Centre's mission is to promote the welfare of animals through
research and education. Research projects focus on: alternatives for the use of animals in teaching;
assessing animal well being; enriching the lives of laboratory animals; ethical issues of animal use; animal
breeding and genetic engineering; humane husbandry systems alleviating animal suffering; and
relationships between animals and people.

Cooperative State Research Education & Extension Service (CSREES) Home Page
http://www.nifa.usda.gov
CSREES links the research and education programs of the U.S. Department of Agriculture and works with
land-grant institutions in each state, territory and the District of Columbia. The mission of CSREES is in
cooperation with partners and customers, to advance a global system of research, extension and higher
education in the food and agricultural sciences and related environmental and human sciences to benefit
people, communities, and the Nation. A clickable map of extension programs by state is available at
http://www.nifa.usda.gov/Extension/index.html. Dairy producers are encouraged to use this site to locate
extension materials that are specific to their state's climate conditions, breeds of cattle, types of housing,
etc.

Combined Livestock Issues Database Information
http://www.liru.asft.ttu.edu/refman/index.htm
Reference database compiled for farm animal researchers and educators. Provides references on
contemporary issues in animal agriculture.

Companion Animals and Livestock
http://www.dpi.nsw.gov.au/agriculture/livestock/dairy-cattle
Information provided by New South Wales Department of Agriculture on dairy cattle breeding and
selection, health, nutrition, facilities, handling, and quality assurance.

Dr. Temple Grandin's Web Page
http://www.grandin.com/

Full text, abstracts, reviews, and general information based on or related to the work of applied ethologist
Temple Grandin. Topics include livestock behavior, design of stockyards and restraining systems, humane
and ritual slaughter, stress and meat quality, current research, animal welfare/rights, and books.

Encyclopedia of Farm Animal Behavior (EFAB)
http://www.liru.asft.ttu.edu/EFAB/default.asp
Includes audio and video images. This encyclopedia is intended for research and teaching and will provide
a standard for what actions compose a given behavior. Provided by the USDA, ARS, Southern Plains
Area, Livestock Issues Research Unit, and Multimedia Division.

European Commission on Animal Welfare
http://europa.eu.int/comm/food/index_en.htm
The European Commission's activities on animal welfare start with the recognition that animals are
sentient beings. The Directorate General for Health and Consumer Protection is responsible for an
important part of this work, setting standards for the welfare of animals on the farm, during transport and
at slaughter. Links to animal welfare policy objectives, legislative action, ongoing initiatives, and
international animal welfare issues.

Farm Animal Welfare Council Report on the Welfare of Dairy Cattle
http://www.fawc.org.uk/reports/dairycow/dcowrtoc.htm
Response of the Royal Agricultural Society of England to the Farm Animal Welfare Council Report on
Dairy Cattle.

Healthy Animals
http://www.ars.usda.gov/is/np/ha/
The Healthy Animals website offers an online compilation of animal health-related research news by the
U.S. Department of Agriculture's chief scientific agency, the Agricultural Research Service.

The International Veterinary Information Service (IVIS)
http://www.ivis.org
A not-for-profit organization created to provide clinically relevant, up-to-date information to veterinary
practitioners, veterinary students, clinicians and researchers worldwide using the Internet and provides
free access to original, electronic textbooks, reviews, updates, and other resources on a wide variety of
veterinary topics. All publications are original contributions written specifically for the IVIS website and
reviewed by the editor(s) of the book. Each book is available on‑line and includes links to information
about relevant medications and to abstracts of references. Book chapters can be printed on a desktop
printer for easy reading. Veterinary related information available for farm, laboratory, companion, and
exotic animal species.

NetVet
http://netvet.wustl.edu/vet.htm
NetVet focuses on veterinary resources with links to veterinary education, listservs, organizations,
publications, and images. This award-winning site is an excellent starting point for looking for materials
for training personnel in care and use of agricultural animals. A useful feature of NetVet is the Electronic
Zoo. Among the Electronic Zoo animal group icons are horses, cows, pigs, small ruminants, and birds.
Each icon contains a list of websites related to these species. The cow page for example,
http://netvet.wustl.edu/cows.htm includes links to professional associations such as the American Dairy
Science Association, trade publications including Hoard's Dairyman, university departments of animal or
dairy sciences, and information publications including Information Resources for Mastitis.

Oklahoma State University, Department of Animal Science Web page
http://www.ansi.okstate.edu
Livestock virtual library, breeds of livestock, multimedia CD-ROM on livestock reproduction, dairy
publications on feeding, etc.

Ontario, Canada, Ministry of Agriculture, Food and Rural Affairs, Livestock Web page
http://www.omafra.gov.on.ca/english/livestock/index.html
Web pages are available for dairy, beef, swine, goats, and alternative livestock. Dairy page includes
conference listings, facts sheets on dry cows, calves, health management, forages, waste management, and
current legislation.

Texas A&M Dairy Cattle Website
http://animalscience.tamu.edu/ansc/index.htm
Fact sheets available on dairy cattle feeding, heat stress, hoof care, pest control, mastitis, and more. Select
dairy cattle from the menu bar.

Total Dairy Management at the Cornell Animal Science Department
http://www.ansci.cornell.edu/dm/index.html
This program is designed for students, dairy farmers, agribusiness people and others who have a sincere
interest in dairy farm management. Objectives are to gain further understanding of the integration and
application of dairy farm management principles and programs with respect to progressive dairying and
related industries.

UC Davis Dairy Cattle Programs and Welfare Page
http://www.vetmed.ucdavis.edu/vetext/DA-Progs.html
Fact sheets available on West Nile Virus, Antrax, Foot and Mouth Disease, biosecurity on dairy farms,
body scoring of dairy cattle, colostrum intake in calves, and more. "Dairy Care Practices" a 44 page
document covering many aspects of health and production available in PDF format.

University of Nebraska Cooperative Extension Dairy Page
http://animalscience.unl.edu/web/anisci/anscextensiondairycattle
Fact sheets published by Extension Dairy Specialists, from the Institute of Agriculture and Natural
Resources, University of Nebraska-Lincoln. Full text articles on breeding, reproduction, herd
management, heat stress, feeding, nutrition, and more.

Virginia Cooperative Extension Dairy Page
http://www.ext.vt.edu/cgi-bin/WebObjects/Docs.woa/wa/getcat?cat=ir-lpd-da
Dairy experts from the Common Wealth review literature and suggest recommendations for dairy cattle
care and husbandry in the state of Virginia. Abstracts available online covering health, management,
nutrition, and reproduction of dairy cattle.

University of Alberta, Canada, Western Canadian Dairy Seminar Home Page
http://www.afns.ualberta.ca
Seminar designed for participants who want to improve their knowledge and decision-making abilities in
dairy production and technology. Site includes keyword searchable proceedings from 1995.

USDA APHIS Veterinary Services (VS) Centers for Epidemiology and Animal Health (CEAH) Dairy page
http://www.aphis.usda.gov/vs/ceah/cahm/Dairy_Cattle/dairy.htm
Information on biosecurity strategies for dairy farms. E coli, Salmonella other disease pathogens covered.

WWW Library Dairy Cattle Resources Focuses on Specific Problems
http://www.ansi.okstate.edu/library/dairy/sp-prob.htm#welfare
Links provided to websites and online documents covering management, housing, nutrition, health,
disease, genetics, reproduction, and welfare.

XPLOR, University of Missouri, Cooperative Extension Dairy Publications
http://muextension.missouri.edu/xplor/agguides/dairy/index.htm
Factsheets and abstracts available on dairy feeding, management, mastitis treatment, breeding, housing,
and waste management.
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