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Summary • 
This report describes the establishment of a 
critical link between the health and welfare of 
farm animals, and how this relationship has been 
accepted by scientific authorities worldwide. The 
report begins with the internationally recognized 
definition of animal welfare from the World 
Organisation for Animal Health (“OIE”), and its 
association with the “Five Freedoms,” a concept 
originating with the United Kingdom‘s 1965 
Brambell Committee report on the welfare of 
farm animals in intensive rearing systems. 

The OIE has declared that “a critical relationship” 
exists between animal health and animal welfare. 
This relationship has been extensively documented 
by the findings of hundreds of scientific studies 
conducted over the past half century.

In recent years, the link between animal health 
and animal welfare has been recognized by 
various animal health authorities, including 
national and international veterinary associations. 
The link has also been acknowledged by animal 
agriculture associations, including the Food and 
Agriculture Organization of the United Nations, 
and by food safety associations, such as the 
European Food Safety Authority. 

The impact of animal welfare on animal health has 
led the animal agriculture industry in the United 
States to voluntarily limit or eliminate entirely 
certain previously common animal husbandry 
practices. This report presents four such 
examples: 1) administration of growth hormones 
to dairy cattle, 2) extreme confinement of calves 
raised for veal, 3) tailing docking of dairy cattle, 
and 4) forced molting of egg-laying hens. More 
than one dozen additional examples of the critical 
link between farm animal health and welfare are 
offered in the report‘s Appendix. As illustrated in 
the examples, the US Department of Agriculture, 
through its Agricultural Research Service, has 
played an essential role in documenting the 
link between animal health and welfare. 

Introduction • 
While a relationship likely exists between health 
and welfare within all animal species, the focus 
of this report is the nature of that relationship in 
animals raised for food or fiber (referred to in this 
report as “farm animals”). Historically, the primary 
concern of the animal agriculture industry in the 
United States, and of federal and state agricultural 
officials, has been animal production and food 
safety. It has long been understood that the 
health of farm animals affects the productivity of 
those animals, as well as the safety and quality of 
animal products. In recent years, it has become 
generally accepted that poor health affects an 
animal‘s mental state and their ability to perform 
natural behaviors (commonly referred to as 
“animal welfare” or “animal well-being”). There 
is also increasing recognition of the impact 
of poor animal welfare on animal health, and, 
consequently, on food safety and meat quality. 

Animal Welfare is a Well-Established 
Scientific Concept •
The American Veterinary Medical Association 
(AVMA) defines animal welfare as follows: 

Animal welfare means how an animal is 
coping with the conditions in which it lives. 
An animal is in a good state of welfare if 
(as indicated by scientific evidence) it is 
healthy, comfortable, well nourished, safe, 
able to express innate behavior, and if it 
is not suffering from unpleasant states 
such as pain, fear, and distress. Good 
animal welfare requires disease prevention 
and veterinary treatment, appropriate 
shelter, management, nutrition, humane 
handling and humane slaughter. Animal 
welfare refers to the state of the animal; 
the treatment that an animal receives is 
covered by other terms such as animal care, 
animal husbandry, and humane treatment. 
Protecting an animal‘s welfare means 
providing for its physical and mental needs.1 
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Figure 1. International Standards on Farm Animal Welfare •

TERRESTRIAL ANIMAL HEALTH CODE 

Chapter 7.1 Introduction to the recommendations for animal welfare
Chapter 7.2 Transport of animals by sea
Chapter 7.3 Transport of animals by land
Chapter 7.4 Transport of animals by air
Chapter 7.5 Slaughter of animals
Chapter 7.6 Killing of animals for disease control purposes
Chapter 7.9 Animal welfare and beef cattle production systems
Chapter 7.10 Animal welfare and broiler chicken production systems
Chapter 7.11 Animal welfare and dairy cattle production systems
Chapter 7.X Animal welfare and pig production systems (draft)

AQUATIC ANIMAL HEALTH CODE

Chapter 7.1 Introduction to recommendations for the welfare of farmed fish
Chapter 7.2 Welfare of farmed fish during transport
Chapter 7.3 Welfare aspects of stunning and killing of farmed fish
Chapter 7.4 Killing of farmed fish for disease control purposes
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The AVMA derived its definition of animal 
welfare from the World Organisation for Animal 
Health (also known as “OIE”—an initialism of its 
original French name, Office of International 
des Epizooties). With 181 member countries, 
including the United States, the OIE is the 
intergovernmental organization that coordinates, 
supports, and promotes animal disease control 
worldwide. The OIE has set international animal 
health standards since its founding in 1924. 
The World Trade Organization (WTO), upon 
its creation in 1995, recognized the OIE as the 
WTO reference organization for standards in 
the category of sanitary (health) measures.2 

In 2002, the OIE broadened its mandate to 
include animal welfare, and it began drafting 
and publishing comprehensive sets of welfare 
standards three years later. To date, the OIE has 
established animal welfare standards for animal 
transport, killing for disease control purposes, 

and slaughter for human consumption, as well 
as for on-farm production systems for various 
animals, including beef cattle, dairy cattle, and 
broiler chickens (see Figure 1).3 The OIE‘s welfare 
standards for farm animals are contained in 
Chapter 7 of its Terrestrial Animal Health Code.

The OIE code recognizes the “Five Freedoms” 
(see Figure 2) as providing valuable guidance 
in animal welfare.4 The Five Freedoms concept 
originated with the United Kingdom‘s Brambell 
Committee report on the welfare of farm animals 
in intensive rearing systems (1965) and later the 
UK Farm Animal Advisory Committee (now the 
Farm Animal Welfare Council).5 Originally drafted 
as merely the freedom to stand up, lie down, 
turn around, stretch their limbs, and groom all 
parts of the body, the Freedoms were eventually 
extended to other aspects of animal welfare 
and paired with Five Provisions that broadly 
delineate proactive steps necessary to achieve the 



Animal Health and Animal Welfare 
Are Inextricably Linked •
According to the OIE, animal welfare standards 
should be science-based and “should always 
seek to maintain health as a basis of welfare.”8 
In its Guiding Principles for Animal Welfare, the 
OIE asserts that there is “a critical relationship 
between animal health and animal welfare.”9 
The Principles also note that “improvements 
in farm animal welfare can often improve 
productivity and food safety, and hence lead to 
economic benefits.”10 Further, in the glossary 
for its Terrestrial Animal Health Code, the OIE 
defines animal health management as “a system 
designed to optimize the physical and behavioural 
health and welfare of animals.”11

This link between animal health and animal 
welfare is recognized by America‘s largest trading 
partners for agricultural products. Canada 
and the European Union, two of our largest 

trading partners, have adopted national organic 
regulations that recognize the significance of 
animal welfare to animal health. The United States 
has entered into organic equivalency agreements 
with both (Canada in 2009 and the European 
Union in 2012).12 When Canada entered into its 
equivalency agreement with the United States, it 
exempted livestock stocking densities for animals 
other than ruminants, because the US organic 
regulations do not provide this specification.13 Any 
US organic meat company desiring to market 
its products in Canada as organic must meet 
Canadian space requirements. 

Canadian organic regulations recognize the link 
between animal welfare and animal health as 
follows:

Under a system of organic production, 
livestock are provided with living conditions 
and space allowances appropriate to their 

Figure 2. The Five Freedoms •

FREEDOMS PROVISIONS

1. Freedom from thirst, hunger,  
and malnutrition

Good nutrition: By providing ready access to fresh water and a 
diet to maintain full health and vigor

2. Freedom from discomfort  
and exposure

Good environment: By providing an appropriate environment 
including shelter and a comfortable resting area

3. Freedom from pain, injury,  
and disease

Good health: By prevention or rapid diagnosis and treatment

4. Freedom from fear  
and distress

Appropriate behavior: By ensuring conditions and treatment that 
avoid mental suffering

5. Freedom to express  
normal behavior

Positive mental experiences: By providing sufficient space, proper 
facilities, and company of the animal‘s own kind
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goals.6 The Five Freedoms concept is utilized by 
various animal welfare standards and assessment 
programs, including the European Welfare Quality 
assessment system for farm animals.7 The Five 

Freedoms focus on four physical domains related 
to the raising and handling of farm animals: 
feeding/nutrition, housing/environment, health, 
and behavior.
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POOR 
WELFARE DISEASE

behavioural requirements and organically 
produced feed. These practices strive to 
minimize stress, promote good health and 
prevent disease.14 

The EU organic regulations clearly articulate 
the importance of animal welfare to organic 
production, as in the following excerpt from the 
regulations’ introduction:

Organic stock farming should ensure that 
specific behavioural needs of animals are 
met. In this regard, housing for all species 
of livestock should satisfy the needs of the 
animals concerned as regards ventilation, 
light, space and comfort and sufficient area 
should accordingly be provided to permit 
ample freedom of movement for each animal 
and to develop the animal‘s natural social 
behavior. Specific housing conditions and 
husbandry practices with regard to certain 
animals, including bees, should be laid down. 
These specific housing conditions should 
serve a high level of animal welfare, which 
is a priority in organic livestock farming and 
therefore may go beyond Community welfare 
standards which apply to farming in general.15

 

The Link Between Animal Health 
and Welfare Has Been Scientifically 
Proven •
Acknowledgement of the link between animal 
health and animal welfare by the OIE and many 
of its member countries is based on more than 
four decades of scientific research. Two pioneers 
in the field of farm animal welfare science—
veterinarian Andrew Fraser and zoologist Donald 
Broom—discussed animal welfare and behavior 
in relation to disease in their veterinary textbook, 
Farm Animal Behaviour and Welfare (first 
published in 1974). They note that husbandry 
methods affect disease incidence, citing for 
example, a 1974 study that reported a gradual 
increase in chronic infections in poultry over 

a period when the frequency of intensive 
production practices was increasing.16 

Fraser and Broom identify reduced resistance to 
disease as a consequence of poor welfare. They 
note: “This has been known for a long time in 
the medical and veterinary professions and is 
part of the more general process whereby poor 
welfare, whatever its cause, can lead to increased 
susceptibility to disease.”17 In 1988, Broom 
theorized a welfare-disease feedback effect, in 
which stressful living conditions leads to poor 
welfare, which leads to disease, which leads to 
worse welfare, which leads to more disease, worse 
welfare, and potentially death (see Figure 3).18

According to Broom, the scientific evidence 
linking welfare with susceptibility to disease is of 
three kinds: 1) clinical data concerning individuals 
showing signs of disease, 2) experimental studies 
and surveys comparing levels of disease incidence 
in different husbandry systems or after different 
treatments, and 3) studies of immune system 
function after different treatments.19

Figure 3. Interaction Between Poor 
Welfare and Disease •

DIFFICULT CONDITIONS

POOR WELFARE

DISEASE

WORSE WELFARE

MORE DISEASE

WORSE WELFARE

DEATH

OR



The Link Has Been Acknowledged by 
Scientific Authorities •
In addition to the OIE, numerous other animal 
health and animal agriculture authorities, both 
in the United States and around the world, have 
publicly acknowledged the connection between 
animal health and animal welfare. A list of some of 
these authorities is provided in Figure 4. 

Veterinary associations throughout the world, 
including the American Veterinary Medical 
Association (AVMA) and the Canadian Veterinary 
Medical Association (CVMA), acknowledge 
the significance of animal welfare to animal 
health. The AVMA20 and the World Veterinary 
Association21 give out annual animal welfare 
awards, and both the AVMA and the CVMA 
operate animal welfare committees. The United 
States Animal Health Association (USAHA), which 
is composed of federal, state, and agriculture 
industry veterinarians, also has a standing 
animal welfare committee.22 The USAHA‘s 
stated purpose is to serve as “a forum for 
communication and coordination among State 
and Federal governments, universities, industry, 
and other concerned groups for consideration 
of issues of animal health and disease control, 
animal welfare, food safety and public health.”23

Figure 4. Entities Acknowledging the Link Between Animal Health  
and Animal Welfare •

The importance of animal welfare is also 
acknowledged by animal agriculture authorities 
worldwide. For example, the Food and Agriculture 
Organization (FAO) of the United Nations hosts 
a multi-stakeholder animal welfare knowledge 
exchange platform on its website called The 
Gateway to Farm Animal Welfare. The Gateway‘s 
purpose is “improvement of livestock welfare 
and thus animal and public health and livestock 
productivity worldwide.”24 The FAO identifies 
animal welfare as “a global common good,” and 
the Gateway “addresses animal welfare not as a 
stand-alone topic, but as one topic among many 
others relevant or related to food safety and 
security, human and animal health, sustainability, 
rural development.”25 It sees animal welfare as 
“a tool that can generate benefits to producers, 
their animals and citizens at large.”26 

The European Food Safety Authority (EFSA) 
makes the case that animal welfare impacts not 
only animal health but food safety as well: 

The safety of the food chain is indirectly 
affected by the welfare of animals, particularly 
those farmed for food production, due to the 
close links between animal welfare, animal 

5

The Critical Relationship Between Farm Animal Health and Welfare

ANIMAL HEALTH AUTHORITIES:

 · American Veterinary Medical Association
 · Canadian Veterinary Medical Association
 · European Food Safety Authority
 · International Organization for Standardization 
 · United States Animal Health Association 
 · World Organisation for Animal Health 
 · World Veterinary Association

 

ANIMAL AGRICULTURAL AUTHORITIES:

 · Canadian National Farm Animal Care Council 
 · Food and Agricultural Organization of the  

United Nations
 · IFOAM – Organics International
 · US Department of Agriculture, Agricultural  

Research Service 
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health and food-borne diseases. Stress factors 
and poor welfare can lead to increased 
susceptibility to disease among animals. This 
can pose risks to consumers, for example 
through common food-borne infections like 
Salmonella, Campylobacter and E. Coli.27 

The EFSA position reflects that of the European 
Commission, with which it is associated. In a 
communication to European Parliament and the 
European Council, the European Commission 
acknowledged the association between animal 
health, animal welfare, and food safety: “There is 
increasingly wide acceptance of the link between 
animal welfare and animal health, and even, by 
extension, between animal welfare and food safety 
and food quality.”28 

In Canada, efforts to address farm animal health 
and welfare are coordinated by the National Farm 
Animal Care Council (NFACC). It describes itself 
as “the only organization in the world that brings 
together animal welfare groups, enforcement, 
government and farmers under a collective 
decision-making model for advancing farm 
animal welfare.”29 The NFACC has developed 
codes of practice for several farm animal species, 
including dairy cattle, beef cattle, veal cattle, 
equines, farmed deer, goats, sheep, pigs, rabbits, 
chickens, turkeys, and laying hens, as well as for 
the transport of farm animals. The codes address 
such animal care issues as housing systems and 
space provisions for animals; painful practices 
such as castration, dehorning, and tail docking; 
care and treatment of sick and injured animals; 
use of electric prods; and other handling and 
euthanasia methods.30 For nearly all of the codes, 
a scientific committee has prepared a Review of 
Scientific Research on Priority Issues that sets out 
the scientific evidence justifying the animal care 
standards provided in the code and establishing 
the link between the standards and animal health. 

While the United States does not operate an 
equivalent process for the establishment of 

codes of practice, various programs within the 
US Department of Agriculture (USDA) address 
farm animal care and have acknowledged the 
link between health and welfare in farm animals. 
The Agricultural Research Service—the USDA‘s 
chief scientific in-house research agency—has 
conducted extensive research over the past few 
decades that illustrates the connection between 
farm animal health and welfare. The primary 
objective of its Livestock Behavior Research 
Unit (LBRU) is to conduct research to “improve 
animals’ quality of life, improve their health, 
improve the animal/human relationship and 
improve the production of safe, healthy food, in 
a sustainable way.”31 Since 2010, the LBRU has 
published a series of fact sheets documenting the 
link between animal health and animal welfare. 
These informal reports cover a variety of animal 
husbandry topics, including dairy cow lameness, 
dairy cow heat stress, castration of pigs and other 
livestock, sow housing, sow lameness, laying hen 
housing, laying hen beak trimming, and genetic 
selection in laying hens.32

Strong Animal Welfare Standards 
Serve to Protect Animal Health • 
Over the past half century, hundreds of scientific 
studies, including many conducted and/or funded 
by the USDA, have demonstrated a relationship 
between common farm animal husbandry 
practices and animal health. This report offers 
information on more than one dozen common 
husbandry practices that have been shown to 
negatively affect farm animal health (see Figure 5). 

Four of the practices—confining veal calves to 
small crates, administering growth hormones to 
dairy cattle, docking the tails of cattle and pigs, 
and forcing the molts of egg-laying hens through 
feed withdrawal—are addressed in case studies 
appearing on pages 8–11. In each of these cases, 
the husbandry practice was voluntarily curtailed 
or eliminated by the animal agriculture industry 
after exposure of the health consequences. 

The Critical Relationship Between Farm Animal Health and Welfare



Figure 5. Husbandry Practices That Have Been Linked to Health Problems  
in Farm Animals •

SPECIES HUSBANDRY PRACTICE ASSOCIATED HEALTH PROBLEM(S)

Dairy cattle Slatted, concrete flooring Lameness, hoof disorders

Dairy cattle* Administration of growth hormones Mastitis, lameness, reproductive problems

Veal calves* Intensive confinement in crates Impaired locomotion, leg injuries

Beef cattle Frozen, muddy, or chronically wet pens Lameness, including foot rot

Beef cattle High concentrate (grain) diet Acidosis, liver abscesses, lameness

Cattle, pigs* Tail docking Neuromas, prolonged healing, pain

Pigs Barren housing (no bedding) Tail damage (injures, wounds)

Pigs (sows) Intensive confinement in crates Musculoskeletal problems

All mammals Stressful transport conditions Foodborne pathogens in gastrointestinal tract

All chickens Poor quality litter, high ammonia levels Skin, respiratory, eye damage

All chickens Unnatural lighting conditions Leg abnormalities

All chickens Crowding (high stocking densities) Footpad dermatitis, injuries, bruising

Meat chickens Genetic selection for rapid growth Lameness, bone defects, deformities

Egg-laying hens Barren environment—lack of perches Bone weakness, footpad dermatitis

Egg-laying hens Barren environment—lack of dustbaths Feather pecking, parasites

Egg-laying hens Beak trimming Neuromas, acute and chronic pain

Egg-laying hens* Forced molting by feed withdrawal Salmonella infections

*Subject of a case study below; remaining topics are addressed in the Appendix of this report. 

In addition, third-party animal welfare food 
certification programs prohibit or limit these 
practices,33 and in some instances, the practices 
have been legally restricted by state legislation 
(including citizen ballot initiative) or regulation. 

7
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Bovine somatotropin (bST) is a genetically engineered 
hormone that is administered to dairy cattle to increase 
milk production. According to the European Union‘s 
Scientific Committee on Animal Health and Animal 
Welfare, unnaturally high milk production is associated 
with poor body condition and increased rates of 
gastrointestinal problems, susceptibility to heat stress, 
mastitis, lameness, and reproductive problems.34 Use 
of bST may increase the prevalence of clinical mastitis 
by as much as 25 percent.35 Moreover, one study 
found that bST-treated cows were at a 50 percent 
higher risk of developing lameness,36 and another study 
documented a 220 percent increase in foot problems 
among cows injected with the growth hormone.37 The 
Canadian Veterinary Medical Association, in reviewing 
data related to bST use, reached a similar conclusion 
to that of the European Union regarding the risk of 
bST to dairy cattle health and welfare, finding that 
the hormone was associated with an increased risk of 
culling in older cows.38

While both Canada and the European Union decided 
against approving bST, the United States has allowed its 
use. However, in recent years, some dairy cooperatives 

and/or dairy processors in the United States have 
restricted the use of bST in their supply chains39 due to 
public concerns regarding the potential negative effects 
of the hormone on both human and animal health. 
This move has resulted in a decrease in the reported 
use of bST by dairy producers, according to surveys 
conducted by the USDA‘s National Animal Health 
Monitoring System. In 2014, 28.6 percent of large 
dairy operations reported administering bST to a total 
of 18.7 percent of their dairy cows,40 down from 54.4 
percent of large dairy operations administering bST to 
34.1 percent of their cows in 2002.41 This represents 
a decline of nearly 50 percent over 12 years, and the 
decline is expected to continue into the future.

• Case Study #1 • 
Bovine Growth Hormone and Lameness, Mastitis in Dairy Cattle

THE USE OF GROWTH HORMONES IN DAIRY CAT TLE HAS BEEN ASSOCIATED WITH 
SEVERAL HEALTH CONDITIONS AND PREMATURE SLAUGHTER IN OLDER COWS. 

To
a5
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Veal is a light-colored meat that, until recently, came 
from young calves raised on a restricted diet and 
severely limited movement. Veal calves were tethered or 
confined in crates (also sometimes referred to as “stalls”) 
only two feet wide, preventing exercise, grooming, 
and social interactions with other calves. This severe 
confinement and social isolation had a profoundly 
negative impact on the animals’ health and welfare.

For example, confinement of calves to cramped crates 
has been associated with musculoskeletal injuries. 
Terosky et al. found that left front knee swelling in 
calves increased as crate or stall size decreased.42 
In another study, 20 percent of calves housed in 
individual crates had abrased, bruised, or swollen 
knees, with 3 percent of knee injuries diagnosed as 
serious.43 In addition, crate-housed calves are more 
likely to have impaired locomotor ability than calves 
raised outside in groups. In an open field, animals who 
had been confined in crates were observed stumbling 
and falling, while animals who had not been confined 
experienced no walking problems.44 Warnick et al. 
found that isolated calves required three times as 
many medical treatments as individually reared calves 

who could socialize with others,45 suggesting that the 
stress associated with confinement decreases immune 
response in calves.46

As a result of publicity regarding the negative impacts 
of severe confinement, in 2007, two prominent 
American veal producers—Strauss Veal and Marcho 
Farms—pledged to stop using veal crates within 10 
years. Soon after the corporate announcements, the 
American Veal Association (AVA)—the trade association 
for the industry in the United States—resolved to 
encourage all producers of veal to make the same 
commitment.47 Since the industry‘s decision to phase 
out the practice, nine American states have limited 
or banned the use of veal crates.48 According to the 
AVA, the industry‘s transition to group housing was 
completed December 31, 2017.49 

Reinforcing the wisdom of this change, recent 
research conducted by the USDA‘s Livestock Behavior 
Research Unit on early group housing of dairy calves 
found “no adverse effects on health or performance 
and some benefits on social behavior for early (3 day) 
grouping of calves.”50 

• Case Study #2 • 
Intensive Confinement and Impaired Locomotion, Leg Injuries in Veal Calves

CALVES CONFINED TO SMALL CRATES ARE MORE LIKELY TO HAVE IMPAIRED LOCOMOTOR 
ABILIT Y THAN CALVES RAISED OUTSIDE IN GROUPS. 

The Critical Relationship Between Farm Animal Health and Welfare
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Tail docking has been a common practice in both 
pork and dairy production in the United States, and 
it is also practiced—although less frequently—in beef 
production. In piglets, the procedure is intended to 
reduce tail biting, while in dairy cattle it is to improve 
cleanliness during milking. A research team led by 
Susan Eicher, of the USDA‘s Agricultural Research 
Service, demonstrated that dairy heifers with docked 
tails had greater temperature sensitivity (a measure 
of pain used in human amputees).51 Other research 
has shown an increase in the number of flies on cattle 
with docked tails.52 Histological analysis of tail stumps 
shows neuromas in the tail stumps of cattle, suggesting 
neuropathic pain.53 This has also been demonstrated 
in docked pig tails.54 In piglets, neuroma formation was 
ongoing even four months after tail docking, suggesting 
long-term pain.55 Herskin et al. found neuromas in 64 
percent of tails in docked piglets.56 Use of a hot-iron 
cautery to perform tail docking was implicated in the 
development of neuromas,57 and tail docking with 
a hot-iron cautery has also been shown to result in 
prolonged healing.58 

Research on the health impacts of tail docking in dairy 
cattle, including studies conducted by the USDA, 
was used to push through legal limits on the practice 

of tail docking of cattle in four states between 2009 
and 2012.59 This research also led the board of the 
National Milk Producers Federation (NMPF) to approve 
a resolution on July 23, 2012, altering its position on 
tail docking. The board voted to approve the following 
language: “NMPF‘s National Dairy FARM Animal Care 
Program opposes the routine tail docking of dairy 
animals, except in the case of traumatic injury to an 
animal. This practice is recommended to be phased 
out by 2022.”60 The decision aligned the organization‘s 
position with that of the leading veterinary care 
organizations for dairy, including the American 
Veterinary Medical Association and the American 
Association of Bovine Practitioners, both of which are 
opposed to tail docking. The board‘s position also 
reflected the view of the animal care specialists serving 
on the FARM Program‘s Technical Working Group and 
the NMPF Animal Health & Well-Being Committee.61

In October 2015, the board of the NMPF approved 
a resolution hastening by five years the deadline for 
discontinuing tail docking, from January 2022 to 
January 2017. “On this issue, the science, the advice 
of our technical experts and requests from our dairy 
customers and consumers are all aligned,” said NMPF 
President and CEO Jim Mulhern.62 

• Case Study #3 • 
Tail Docking and Neuromas, Chronic Pain in Pigs and Cattle

CATTLE WITH DOCKED TAILS MAY EXPERIENCE PAIN AS A RESULT OF NEUROMA 
FORMATION IN THE TAIL STUMP.
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Forced molting is a practice used to improve egg 
production and eggshell quality in laying hens and 
decrease the time between laying cycles from 4 
months to 2 months or less.63 A common method to 
induce molting has been through feed deprivation of 
periods from 4 days to as much as 16 days. During feed 
deprivation, hens will lose as much as 30 percent of 
their body weight. Concurrent with feed deprivation, 
there is increased colonization of the crop and cecum 
with Salmonella enteritidis, the bacterium associated 
with foodborne illness in human beings.64 Consequently, 
this common animal husbandry practice has been 
shown to affect the occurrence of Salmonella infections 
in hens and Salmonella contamination of eggs. 

Denagamage et al. reviewed 17 previously published 
studies of Salmonella infection related to egg production 
and found that Salmonella contamination is associated 
with forced molting, larger hen flock sizes, and the 
housing of hens in barren cages, among other factors.65 
Moreover, the USDA‘s Southeast Poultry Research 
Laboratory found that the practice of forcing hens 
to molt by removing their feed depresses the birds’ 
immune system. In the USDA experiments, molted hens 

had higher numbers of Salmonella in internal organs 
and exhibited more intestinal inflammation. Molted hens 
were 100- to 1,000-fold more susceptible to infection by 
Salmonella, according to the USDA researchers.66 

The Scientific Advisory Committee of United Egg 
Producers (UEP)—the trade association for egg 
producers in the United States—began studying forced 
molting in 1999. At that time, it believed that only 
the feed withdrawal method of inducing molts would 
accomplish a successful flock molt. UEP requested 
scientific proposals to develop alternatives to feed 
removal, placing an emphasis on the impact of the 
method on performance and behavior. Five universities 
received research funds to pursue alternatives. 

After reviewing the findings of the research projects, 
in February 2005, the UEP Scientific Advisory 
Committee modified its recommended guidelines 
for inducing a flock molt. The UEP animal husbandry 
guidelines were changed accordingly, and as of  
January 1, 2006, only non-feed-withdrawal molting 
methods are permitted under the United Egg 
Producers’ egg certification program.67

• Case Study #4 •
Forced Molting and Salmonella in Egg-Laying Hens

SALMONELLA CONTAMINATION HAS BEEN SHOWN TO BE MORE COMMON IN HEN FLOCKS 
THAT ARE FORCED MOLTED, AND IN CAGE HEN HOUSING SYSTEMS VERSUS NON-CAGE 
(E .G .,  CAGE FREE, FREE RANGE) HEN HOUSING.

The Critical Relationship Between Farm Animal Health and Welfare
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Conclusion •
Scientific research—including many studies 
conducted and/or funded by the US Department 
of Agriculture—has demonstrated a critical 
association between farm animal health and 
farm animal welfare. The association goes in 
both directions: The compromised health of 
a farm animal negatively affects the animal‘s 
welfare, and vice versa. The link between the 
health and welfare of animals raised for food 
has been acknowledged by animal health 
and animal agricultural authorities worldwide. 
Demonstration of the negative consequences 
of poor animal welfare on animal health has 
led animal agriculture trade associations in the 
United States to voluntarily curtail or eliminate 
certain husbandry practices once considered 
routine. Evidence of the animal health-welfare 
link has also been used in the development of 
animal welfare standards for third-party food 
certification programs. In addition, some states 
have enacted legal restrictions on specific farm 
animal husbandry practices. For the well-being 
of humans and animals alike, it is imperative that 
research into the health and welfare impacts of 
common animal husbandry practices continue, 
and that the results from that research are used 
to shape public policy related to the use of 
animals for food.



EX AMPLES OF THE LINK BET WEEN THE  
HEALTH AND WELFARE OF MAMMALS

Scientific research has demonstrated an 
association between how livestock are raised 
and the health of the animals. Diet, physical 
alterations, housing and environmental 
conditions, and handling practices, including 
transport, have all been shown to impact animal 
health. Some examples follow:

• Appendix •

13

CATTLE

Slatted, Concrete Flooring and Lameness in  
Dairy Cattle
In a 2016 survey of cattle arriving at slaughter 
establishments conducted by the National 
Cattlemen‘s Beef Association, 24 percent of 
dairy cows and 23 percent of dairy bulls were 
assessed as showing signs of lameness.68 The 
type of flooring on which dairy cows walk when 
housed indoors has been found to affect their 
welfare by impairing locomotion and increasing 
the occurrence of hoof disorders and lameness. 
According to the USDA, lameness in cattle is a 
major concern for the dairy industry because it 
negatively affects dairy cow welfare, as well as 
milk production and dairy income.69 Concrete is 
a poor choice for dairy cattle flooring because it 
is too hard70 and provides inadequate traction.71 
Somers et al. noted a greater number of claw 
disorders among dairy cattle housed on concrete 
and slatted floors compared with dairy cows 
housed in a straw yard; over 80 percent of cows 
exposed to concrete flooring had at least one 
claw deformity.72 Some types of hoof lesions are 
correlated with wet flooring,73 and the prevalence 
of hoof lesions has been associated with how 
well concrete flooring is maintained.74 The 
USDA recognizes the negative impact of dairy 
cow lameness on “cow comfort, health, and 
production.”75 It notes that rubber flooring has 
been associated with reduced lameness or risk of 
lameness for dairy cows.76

Environmental and Housing Conditions and 
Lameness in Beef Cattle
Lameness in animals raised for food, including 
cattle raised for beef, results in pain and reduces 
the animals’ ability to move and consequently 
to access feed and water. Research conducted 
on beef cattle by the USDA found that lameness 
had a significant negative impact on average daily 
weight gain in steers.77 Several health problems 
were identified as common causes of lameness, 
including joint infection, toe abscesses, laminitis, 
bruising and abrasions of the sole, and foot 
rot.78 Other research has shown that certain 
environmental and housing conditions increase 
the incidence of various forms of lameness. 
For example, Stokka et al. note that foot rot is 
associated with frozen, muddy, or chronically 
wet pens and the presence of rough or sharp 
objects. The researchers observe: “Lameness due 
to physical injuries can be prevented by good 
handling practices and facility design.”79 Several 
researchers have also documented an increase in 
the prevalence of stress responses and physical 
injuries among cattle who have had negative 
experiences with human handlers.80

High Concentrate Feeding and Acidosis, 
Laminitis in Beef Cattle
Young cattle raised for beef typically forage for 
their food on the range or pasture. Most beef 
cattle are eventually moved to large confined 
feeding operations (or feedlots) to put on weight 
before slaughter. At this time their diet is changed 
from forage-based to grain-based, referred to as a 
“high concentrate” diet. Transition to an unnatural 
grain diet results in both animal welfare and 
animal health consequences for cattle. Nutritional 
diseases associated with high concentrate diets 
include acidosis, liver abscesses, and laminitis.81 
Acute acidosis—which occurs when the rate of 
acid production in the animal‘s rumen exceeds the 
rate of acid removal—causes overt illness and is 
potentially fatal.82 In the 2016 National Beef Quality 
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Audit, more than 30 percent of livers from steers 
and heifers at slaughter did not pass inspection and 
were condemned,83 and liver abscesses were found 
to be the leading cause of liver condemnation 
for market cows and bulls.84 Laminitis refers to 
inflammation of the connective tissue located 
between the pedal bone and hoof horn and is a 
major cause of lameness in beef cattle.85

PIGS

Barren Housing and Tail Damage
Tail biting behavior in pigs is a common 
problem in barren housing environments.86 Tail 
biting can result in significant tail damage and 
associated health problems such as wounds 
and abscesses. Ursinus et al. documented less 
tail biting and tail damage in pigs housed in an 
enriched environment versus pigs housed in 
a barren environment; 38 percent of pigs in 
barren housing were identified as tail biters, 
while only 5 percent of pigs in enriched housing 
were tail biters.87 The researchers observed that 
straw bedding largely reduced tail biting and tail 
damage.88 These results were similar to those 
found in a previous study by Beattie et al., which 
observed no tail biting among pigs housed in an 
enriched environment that contained peat and 
straw and extra space.89 Kallio et al. conducted 
a study to compare various housing and 
management practices in 78 herds of undocked 
pigs with or without a history of tail-biting. Risk 
factors identified for tail biting injuries in piglets 
were slatted floors and the amount of the floor 
area that was slatted.90 In older (“finisher”) pigs, 
tail biting damage was associated with slatted 
floors, the amount of floor area that was slatted, 
the total number of finisher pigs on the farm, the 
absence of bedding, certain feeding practices, 
and a group size greater than nine pigs.91 

Intensive Confinement and Musculoskeletal 
Problems in Sows
For the past half century, the typical method of 
housing gestating sows in the United States has 
been to confine the animals in small crates with 

slatted, concrete flooring. In its 2012 survey of pig 
producers, the USDA found that 25 percent of 
breeding-age females were culled in six months 
(between December 1, 2011, and May 1, 2012), 
with lameness being one of the top causes.92 
According to a USDA fact sheet on sow lameness 
and longevity, older sows are more prone to foot 
problems than younger sows, probably due to 
the amount of time spent on rough flooring.93 
Housing systems can affect the amount of 
physical trauma a sow experiences; for example, 
sows housed in crates tend to have more joint, 
foot, and leg problems.94 A study conducted 
by the USDA‘s Livestock Behavior Research 
Unit documented that gilts (first-time gestating 
sows) housed in crates already show evidence of 
negative effects of intensive confinement on their 
musculoskeletal system, specifically the condition 
of cartilage and hooves.95

To reduce lameness in sows, the USDA 
recommends eliminating slatted flooring systems 
with inappropriate widths and use of a flooring 
material that is resilient to sow activity, yet 
yielding enough to relieve strain on the animal.96

ALL MAMMALS

Transport Stress and Foodborne Pathogens
The conditions under which farm animals are 
transported have impacts on the animals’ health 
in terms of stress response, injuries, fatigue, 
dehydration, core body temperature, morbidity, 
and mortality. Transport conditions also affect 
carcass and meat quality (shrink, bruising, pH, 
color defects, and water losses).97 The USDA‘s 
Livestock Behavior Research Unit has observed 
that animals being transported can be exposed 
to a range of challenging stimuli that disturb 
the animals’ homeostasis, including human 
contact; transport vibration, movement and 
jolting; novel/unfamiliar environments; food and 
water restriction; changes in social structure; 
and changes in climatic conditions (i.e., heat 
and cold). In its Food Safety Fact Sheet, the 
USDA notes: “Stress reduces the fitness of an 



EX AMPLES OF THE LINK BET WEEN THE  
HEALTH AND WELFARE OF BIRDS

Scientific research has also demonstrated a 
connection between how poultry are raised and 
the health of the birds. Space allowances, light 
regimens, litter characteristics, and air quality all 
have been shown to impact bird health.  
Some examples follow: 

The USDA‘s Poultry Research Unit at Mississippi 
State University considers aerial ammonia “an 
important topic of interest in commercial poultry 
production due to its effects on bird health, 
well-being, and production efficiency.”103 A study 
conducted at the USDA‘s Poultry Research 
Unit documented greater mortality in birds 
exposed to aerial ammonia concentrations above 
25 parts per million (ppm).104 Ammonia levels 
greater than 25 ppm have been associated with 
keratoconjunctivitis and respiratory distress.105 
Oyetunde et al. demonstrated that 100 ppm 
of ammonia causes significant damage to the 
trachea of chickens.106 Jones et al. demonstrated 
that given a choice, broiler chickens avoided 
areas where ammonia concentrations were above 
20 ppm, actively seeking fresh air.107 In addition 
to direct effects on poultry health, high levels of 
ammonia also affect egg production and quality. 
Hens exposed to high ammonia concentration 
produced fewer eggs, presumably due to 
respiratory damage108 and reduced feed intake.109 

Lighting Conditions and Leg Abnormalities
In an attempt to increase feed consumption and 
weight gain, the conventional chicken industry 
warehouses birds under near-continuous dim 
lighting. Day length is prolonged by allowing 
only a few hours of dark, while lighting intensity 
is kept low.110 Natural light and dark cycles are 
important to stimulate activity in chickens and 
for the development of a circadian rhythm.111 
Poultry welfare scientists speculate that failure 
to provide the level of lighting required for 
effective vision may negatively affect behaviors 
such as feeding and social interaction, leading 
to distress and poor welfare.112 Research has 
shown that increasing light intensity in chicken 
sheds enhances the birds’ locomotor activity and 
reduces leg problems.113 

Research has demonstrated that poultry also 
have a physiological need for periods of dark. 
According to sustainable agriculture specialist 
Dr. Anne Fanatico, “Birds need a dark period for 
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ALL CHICKENS

Aerial Ammonia and Skin, Respiratory Problems
Ammonia is an invisible, water-soluble alkaline 
gas that is a significant contaminant in hen 
houses.100 Ammonia in poultry facilities primarily 
originates as uric acid, excreted by the birds into 
the litter and manure.101 Chickens spend their life 
in contact with litter, and wet litter contributes 
to the development of foot pad dermatitis, and 
hock and breast blisters. Poor litter also results 
in higher aerial ammonia, which causes irritation 
to the mucous membranes in the eyes and 
the respiratory system and can increase the 
susceptibility to respiratory diseases.102 

animal, which can be expressed through failure 
to achieve production performance standards 
or targets, or more drastically, through injury, 
disease and death. Stress in farm animals can 
also have detrimental effects on the quality of 
food products (meat, eggs, and milk).”98 The 
USDA further explains that exposure of farm 
animals to transport-related stress “will lead 
to increased levels of foodborne pathogens in 
the gastrointestinal tract, and increased risk of 
contamination of their carcasses.”99
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MEAT CHICKENS

Rapid Growth and Leg Disorders
As a result of genetic selection, over the past 
century, growth rates for meat chickens have 
increased significantly. According to the National 
Chicken Council, in 1950, chickens in the United 
States reached an average market weight of 3.08 
pounds in 70 days, and in 2017, chickens reached 
twice that size (6.18 lbs.) in only 47 days.121 Such 
rapid growth has serious consequences for the 
health and welfare of birds raised for meat. 
Researchers have shown that rate of growth is a 
primary risk factor for impaired locomotion and 
poor leg health in meat chickens.122 Serious leg 
problems may prevent birds from such simple 
activities as standing and eating food.123 In those 
who can walk, the rapid growth of breast muscle 
moves the bird‘s center of gravity forward and 
causes an altered gait that is inefficient and 
rapidly tires the bird.124 

In addition to lameness, rapid growth has been 
associated with bone defects and deformities, 
tibial dyschondroplasia (birds suffering from this 
disorder are referred to as “creepers,” moving 
around on their hocks), ruptured tendons, 
spondylolisthesis (or “kinky back”), and rickets.125 
The USDA‘s Livestock Behavior Research Unit 
(LBRU) has acknowledged the negative effect 
of rapid growth on bone defects. In a summer 
2017 article titled “Improving Poultry Skeletal 
Health,” the LBRU notes: “Skeletal disorders 
are common in commercial meat (broiler) 
and egg-laying poultry due to selection for 
fast growth and daily egg production. Leg 
bone disorders are particularly concerning 
as they cause pain, difficulty in walking, and 
economic loss.”126 Selecting breeds for a high 
muscle-to-bone ratio also predisposes the 
modern commercial chicken to metabolic 
and cardiovascular diseases, including ascites, 
pulmonary hypertension syndrome, cardiac 
arrhythmias, and sudden death syndrome 
where birds simply “flip over” and die.127 

good health; they only produce melatonin—a 
hormone important in immune function—during 
dark periods.”114 Leg problems such as tibial 
dyschondroplasia increase when chickens are 
kept in continuous light, while exposure to more 
natural intervals of light and dark results in 
reduced leg abnormalities, reduced physiological 
stress, and improved eye condition.115 

Stocking Density and Leg Weakness,  
Skin Dermatitis
Poultry raised for meat grow rapidly, and as birds 
approach market age and weight, their bodies 
take up more and more of the available space, 
leaving less room for the performance of natural 
behaviors. Consequently, low space allowance 
(signifying high stocking density) has been shown 
to have negative effects on stocking bird welfare, 
including disturbing the resting behavior of birds 
and decreasing activity and ground pecking.116 

High stocking density has also been shown to 
cause health problems in birds, including reduced 
body weight, decreased feed intake, increased 
foot-pad dermatitis, increased injury and bruising, 
increased mortality, increased bone abnormalities, 
and increased carcass condemnations. Kang 
et al. found that bone mineral density, egg 
production, and egg mass were significantly lower 
when hens were kept at densities of 10 birds 
per square meter when compared to 5 birds 
per square meter.117 Kang et al. also found an 
increase in heterophils (a measure of infection) 
in birds stocked at higher densities.118 A study 
by Bilgili and Hess demonstrated an increase in 
mortality of meat chickens at higher stocking 
densities.119 Research conducted at the USDA‘s 
Poultry Research Unit found that foot-pad disease 
increased with the density of the flock, and the 
proportion of whole carcasses with scratches 
on the back and thighs increased as density 
increased.120 High stocking density also results in 
more chicken waste products, including uric acid, 
being discharged into the air and into the litter 
on which birds sit and lie, which can lead to both 
health and welfare problems. 



EGG-LAYING HENS 

Lack of Perches and Bone Weakness, Dermatitis
Perching is a natural behavior of chickens in 
the wild, providing a means of protection from 
ground predators.128 This behavior is maintained 
in domestic laying hens, who demonstrate 
increased signs of unrest129 and are subjected 
to increased aggressive behaviors when perches 
are not provided.130 Ventura et al. demonstrated 
significantly decreased aggression in chickens 
given access to perches, at all stocking densities.131 
Gunnarsson et al. showed that access to perches 
reduced the prevalence of cloacal cannibalism in 
loose-housed birds.132 

In addition to behavioral benefits, the presence 
of a perch has many physical benefits, including 
increased bone strength,133 improved feather 
condition,134 and decreased footpad dermatitis.135 
Hester et al. showed that access to perches 
during rearing resulted in fewer broken back 
claws, improved bone mineral content, and 
improved bone strength in hens.136 Campo et al. 
found that chickens housed in pens with perches 
showed decreased signs of infection and stress.137 

Lack of Dustbathing and Plumage Condition,  
Feather Pecking
A number of studies document that dustbathing 
is a primary behavioral need of hens.138 Providing 
litter of a sufficient quantity and quality for 
dustbathing also helps alleviate particular health 
problems by keeping a bird‘s plumage in good 
condition and removing parasites,139 which in 
turn helps to shield the hen from temperature 
fluctuations and protect against skin injury. In 
addition, the provision of litter for dustbathing 
and scratching has been associated with reduced 
feather pecking and cannibalism, conditions that 
present major health and welfare risks for egg-
laying hens.140 (Litter has been shown to reduce 
fearfulness in hens, which is correlated with 
feather pecking.141) Further, research by Blockhuis 
and Wiepkema suggests a link between caging 
methods and feather pecking. They demonstrated 

that the incidence of feather pecking was nearly 
tripled when birds were housed in the battery 
cages most commonly used in the egg industry 
compared to birds housed on floors with suitable 
litter, allowing foraging and dustbathing. Their 
conclusion was that the main practical strategy to 
prevent feather pecking and cannibalism was to 
provide adequate substrate.142

Beak Trimming and Neuromas, Chronic Pain
Beak trimming is a common procedure in the 
poultry industry, where a portion of the bird‘s 
beak is cut off, either using a hot blade or 
infrared energy.143 Approximately half the upper 
beak is removed. The poultry industry cites 
this procedure as a method to reduce injury 
and death associated with feather pecking, toe 
pecking, and cannibalism. The structure of the 
removed beak includes pain and heat receptors, 
touch receptors, blood vessels, and bone. 
Multiple studies have demonstrated short- and 
long-term pain and behavioral changes associated 
with beak trimming, which affect both hen 
health and welfare. Of particular concern are 
decreases in food and water intake,144 decreased 
preening, and short-term pain and debilitation.145 
Research conducted by the USDA found that 
acute pain occurred with both infrared and 
hot-blade trimming, affecting the birds’ eating 
and drinking behavior.146 Other concerns include 
tongue damage and burnt nostrils,147 neuroma 
formation, and long-term pain sensation.148 
Furthermore, Mullens et al.149 and Chen et al.150 
both demonstrated an increase in parasitic load 
in birds that had trimmed beaks.

17

The Critical Relationship Between Farm Animal Health and Welfare



1 AVMA, Animal Welfare: What Is It? https://www.avma.org/
KB/Resources/Reference/AnimalWelfare/Pages/what-is-animal-
welfare.aspx 

2 OIE, Animal Welfare at a Glance. http://www.oie.int/en/
animal-welfare/animal-welfare-at-a-glance/ 

3 OIE, Animal Welfare at a Glance. http://www.oie.int/en/
animal-welfare/animal-welfare-at-a-glance/

4 OIE, Introduction to the Recommendations for Animal 
Welfare, Chapter 7.1.1, Terrestrial Animal Health Code, 2017.

5 J Webster, Animal welfare: freedoms, dominions and “a life 
worth living,” Animals 6 (2016):35. 

6 J Webster, Animal welfare: freedoms, dominions and “a life 
worth living,” Animals 6 (2016):35. See also DJ Mellor, Moving 
beyond the “Five Freedoms” by updating the “Five Provisions” 
and introducing aligned “animal welfare aims,” Animals 6 
(2016):59. 

7 DJ Mellor, Moving beyond the “Five Freedoms” by updating 
the “Five Provisions” and introducing aligned “animal welfare 
aims,” Animals 6 (2016):59. 

8 OIE, Animal Welfare at a Glance. http://www.oie.int/en/
animal-welfare/animal-welfare-at-a-glance/

9 OIE, Introduction to the Recommendations for Animal 
Welfare, Chapter 7.1.1, Terrestrial Animal Health Code, 2017. 

10 OIE, Introduction to the Recommendations for Animal 
Welfare, Chapter 7.1.1, Terrestrial Animal Health Code, 2017.

11 OIE, Glossary, Terrestrial Animal Health Code, 2017. 

12 USDA Agricultural Marketing Service, International 
Trade Partners. https://www.ams.usda.gov/services/organic-
certification/international-trade 

13 USDA Agricultural Marketing Service, International Trade 
Policies: Canada. https://www.ams.usda.gov/services/organic-
certification/international-trade/Canada 

14 Government of Canada, National Standard of Canada: 
Organic Production Systems, General Principles and 
Management Standards, CAN/CGSB-32.310-2015. https://
www.tpsgc-pwgsc.gc.ca/ongc-cgsb/programme-program/
normes-standards/internet/bio-org/pgng-gpms-eng.html

15 Official Journal of the European Union, Commission 
Regulation (EC) No 889/2008 of 5 September 2008 laying 
down detailed rules for the implementation of Council 
Regulation (ECF) No 834/2007 on organic production 
and labelling of organic products with regard to organic 
production, labelling and control. http://eur-lex.europa.eu/eli/
reg/2008/889/oj

16 AF Fraser & DM Broom, Farm Animal Behaviour and Welfare 
(3rd ed.), New York, NY: CAB International, 1997, p. 295. 

References •

18

17 AF Fraser & DM Broom, Farm Animal Behaviour and Welfare 
(3rd ed.), New York, NY: CAB International, 1997, p. 295.

18 DM Broom, The relationship between welfare and disease 
susceptibility in farm animals, in Animal Disease—A Welfare 
Problem, London: BVA Animal Welfare Foundation, 1988, p. 
22-29.

19 DM Broom, The relationship between welfare and disease 
susceptibility in farm animals, in Animal Disease—A Welfare 
Problem, London: BVA Animal Welfare Foundation, 1988, p. 
22-29.

20 AVMA, AVMA Animal Welfare Award. https://www.avma.
org/ProfessionalDevelopment/Awards/Pages/avma-animal-
welfare-award.aspx 

21 WVA, 2nd WVA Animal Welfare Awards 2018. http://www.
worldvet.org/news.php?item=356 

22 USAHA, Committees. http://www.usaha.org/committees 

23 USAHA, Mission. http://www.usaha.org/mission 

24 FAO, Gateway to Farm Animal Welfare. http://www.fao.org/
ag/againfo/themes/animal-welfare/aw-abthegat/aw-whaistgate/
en/ 

25 FAO, Gateway to Farm Animal Welfare. http://www.fao.org/
ag/againfo/themes/animal-welfare/aw-abthegat/aw-whaistgate/en/ 

26 FAO, Gateway to Farm Animal Welfare. http://www.fao.org/
ag/againfo/themes/animal-welfare/aw-abthegat/aw-whaistgate/en/

27 European Food Safety Authority, Animal Welfare. https://
www.efsa.europa.eu/en/topics/topic/animalwelfare 

28 European Commission, Communication from the 
Commission to the European Parliament and the Council on 
a Community Action Plan on the Protection and Welfare of 
Animals 2006-2010, COM, Brussels, 2006.

29 NFACC, About NFACC. http://www.nfacc.ca/about-nfacc 

30 NFACC, Codes of Practice. http://www.nfacc.ca/codes-of-
practice 

31 USDA Agricultural Research Service, One health/one 
welfare, LBRU Update, Summer 2017, p. 10. https://www.ars.
usda.gov/ARSUserFiles/50201500/LBRU%20Update%20
Summer%202017%20final.pdf 

32 USDA Agricultural Research Service, Livestock Behavior 
Research: West Lafayette, IN News. https://www.ars.usda.gov/
midwest-area/west-lafayette-in/livestock-behavior-research/
news/ 

33 D Jones & M Pawliger, Voluntary standards and their impact 
on national laws and international initiatives, in International 
Farm Animal, Wildlife and Food Safety Law (G Steier & KK 
Patel, eds.), Springer, 2017, pp. 111-150.

34 European Union, Scientific Committee on Animal Health 
and Welfare, Report on Animal Welfare Aspects of the Use of 
Bovine Somatotrophin, 1999.

The Critical Relationship Between Farm Animal Health and Welfare



19

35 Canadian Veterinary Medical Association, Report of the 
Canadian Veterinary Medical Association Expert Panel 
on rBST, 1998. https://www.canada.ca/en/health-canada/
services/drugs-health-products/veterinary-drugs/other-issues/
recombinant-bovine-somatotropin-rbst/report-canadian-
veterinary-medical-association-expert-panel-rbst-health-
canada-1998.html

36 Canadian Veterinary Medical Association, Report of the 
Canadian Veterinary Medical Association Expert Panel 
on rBST, 1998. https://www.canada.ca/en/health-canada/
services/drugs-health-products/veterinary-drugs/other-issues/
recombinant-bovine-somatotropin-rbst/report-canadian-
veterinary-medical-association-expert-panel-rbst-health-
canada-1998.html

37 European Union, Scientific Committee on Animal Health 
and Welfare, Report on Animal Welfare Aspects of the Use of 
Bovine Somatotrophin, 1999.

38 Canadian Veterinary Medical Association, Report of the 
Canadian Veterinary Medical Association Expert Panel 
on rBST, 1998. https://www.canada.ca/en/health-canada/
services/drugs-health-products/veterinary-drugs/other-issues/
recombinant-bovine-somatotropin-rbst/report-canadian-
veterinary-medical-association-expert-panel-rbst-health-
canada-1998.html 

39 USDA Veterinary Services, National Animal Health 
Monitoring System, Dairy 2014 Dairy Cattle Management 
Practices in the United States in 2014, 2016, p. 209. 

40 USDA Veterinary Services, National Animal Health 
Monitoring System, Dairy 2014 Dairy Cattle Management 
Practices in the United States in 2014, 2016, p. 209. 

41 USDA Veterinary Services, National Animal Health 
Monitoring System, Dairy 2002 Part I: Reference of Dairy 
Health and Management in the United States, 2002, p. 23.

42 TL Terosky et al., Effects of individual housing design and 
size on special-fed Holstein veal calf growth and performance, 
hematology, and carcass characteristics, Journal of Animal 
Science 75 (1997):1697-1703. 

43 AJF Webster et al., Some effects of different rearing 
systems on health, cleanliness, and injury in calves, British 
Veterinary Journal 141 (1985):472-483. 

44 GR Dellmeier et al., Comparison of four methods of calf 
confinement, Journal of Animal Science 60 (1985):1102-1109. 

45 VD Warnick et al., Effects of group, individual, and isolated 
rearing of calves on weight gain and behavior, Journal of Dairy 
Science 60 (1977):947-953. 

46 KA Cummins & CJ Brunner, Effect of calf housing on 
plasma aschorbate and endocrine immune function, Journal 
of Dairy Science 74 (1991):1582-1588. 

47 AVA, Taking the Lead in Animal Housing Methods and 
Animal Care, May 9, 2007. http://www.americanveal.com/ava-
policies/2016/2/12/taking-the-lead-in-animal-housing-methods-
and-animal-care 

48 AWI, Farm Animal Anti-Confinement Legislation. https://
awionline.org/content/farm-animal-anti-confinement-
legislation. See also AWI, Legal Protections for Animals 
on Farms, July 2017, p. 10. https://awionline.org/sites/
default/files/uploads/documents/FA-AWI-LegalProtections-
AnimalsonFarms-110714.pdf 

49 AVA, Animal Care and Housing. http://www.americanveal.
com/animal-care-housing/ 

50 USDA Agricultural Research Service, Early grouping of 
dairy calves, LBRU Update, Summer 2017, p. 1. https://www.
ars.usda.gov/ARSUserFiles/50201500/LBRU%20Update%20
Summer%202017%20final.pdf 

51 SD Eicher et al., Behavioral and physiological indicators of 
sensitivity or chronic pain following tail docking, Journal of 
Dairy Science 89 (2006):3047-3051.

52 SD Eicher et al., Tail-docking alters fly numbers, fly-
avoidance behaviors, and cleanliness, but not physiological 
measures, Journal of Dairy Science 84 (2001):1822-1828. 

53 SD Eicher et al., Behavioral and physiological indicators of 
sensitivity or chronic pain following tail docking, Journal of 
Dairy Science 89 (2006):3047-3051.

54 HB Simonsen et al., Histopathology of intact and docked 
pigtails, British Veterinary Journal 147 (1991):401-412. 

55 DA Sandercock et al., Histopathological characterization 
of tail injury and traumatic neuroma development after tail 
docking in piglets, Journal of Comparative Pathology 155 
(2016):40-49.

56 MS Herskin et al., Effects of tail docking and docking length 
on neuroanatomical changes in healed tail tips of pigs, Animal 
9 (2016):677-681. 

57 DA Sandercock et al., Histopathological characterization 
of tail injury and traumatic neuroma development after tail 
docking in piglets, Journal of Comparative Pathology 155 
(2016):40-49.

58 MA Sutherland et al., The effect of method of tail docking 
on tail-biting behavior and welfare of pigs, Animal Welfare 18 
(2009):561-570. 

59 AWI, Farm Animal Anti-Confinement Legislation. https://
awionline.org/content/farm-animal-anti-confinement-
legislation. See also AWI, Legal Protections for Animals 
on Farms, July 2017, p. 9. https://awionline.org/sites/
default/files/uploads/documents/FA-AWI-LegalProtections-
AnimalsonFarms-110714.pdf

60 NMPF, Animal Care. http://www.nmpf.org/animal-care-0 

61 NMPF, Animal Care. http://www.nmpf.org/animal-care-0

62 NMPF, NMPF Board Advances Phase-out of Tail Docking, 
Oct. 26, 2015. http://www.nmpf.org/latest-news/press-
releases/oct-2015/nmpf-board-advances-phase-out-tail-docking 

63 MO North & DD Bell, Commercial Chicken Production 
Manual (4th ed.), New York: Chapman Hall, 1990. 

The Critical Relationship Between Farm Animal Health and Welfare



20

64 SC Ricke, The gastrointestinal tract ecology of Salmonella 
enteriditis colonization in molting hens, Poultry Science 82 
(2003):1003-1007. 

65 T Denagamage, Risk factors associated with Salmonella in 
laying hens farms: Systematic review of observational studies, 
Avian Disease 59 (2015):291-302. 

66 PS Holt, Molting and Salmonella enterica serovar enteritidis 
infection: the problem and some solutions, Poultry Science 
82 (2003):1008-1010. 

67 UEP, Animal Husbandry Guidelines for US Egg Laying Flocks 
(2016 ed.), pp. 10-11. https://uepcertified.com/wp-content/
uploads/2015/08/UEP-Animal-Welfare-Guidelines-20141.pdf 

68 National Cattlemen‘s Beef Association, 2016 National Beef 
Quality Audit, Navigating Pathways to Success: Market Cow 
and Bull Executive Summary, 2017, p. 7. https://www.bqa.org/
national-beef-quality-audit/2016-national-beef-quality-audit 

69 USDA Animal and Plant Health Inspection Service, How 
Does Your Cow Welfare Compare?, January 2015. https://
www.aphis.usda.gov/animal_health/nahms/dairy/downloads/
dairy14ques/WelfareCowAssessex.pdf

70 J Rushen & AM de Passille, Effects of roughness and 
compressibility of flooring on cow locomotion, Journal of 
Dairy Science 89 (2006):2965-2972.

71 PPJ van der Tol et al., Frictional forces required for 
unrestrained locomotion in dairy cattle, Journal of Dairy 
Science 88 (2005):615-624. 

72 JGC Somers et al., Prevalence of claw disorders in Dutch 
dairy cows exposed to several floor types, Journal of Dairy 
Science 86 (2003):2082-2093. 

73 SJ Wells et al., Papillomatous digital dermatitis and 
associated risk factors in US dairy herds, Preventative 
Veterinary Medicine 38 (1999):11-24. 

74 NFACC, Code of Practice for the Care and Handling 
of Dairy Cattle: Review of Scientific Research on Priority 
Issues, March 2009, pp. 68-71. https://www.nfacc.ca/pdfs/
codes/scientists-committee-reports/Dairy%20Scientists%20
Committee%20Report.pdf 

75 USDA Agricultural Research Service, Livestock 
Behavior Research Unit, Dairy Cow Welfare Fact 
Sheet: Lameness Impact on Welfare of Dairy 
Cattle, Fall 2010. https://pdfs.semanticscholar.org/
cb22/383f3529db74dc3276a10a44056c3a4a4686.pdf

76 USDA Agricultural Research Service, Livestock 
Behavior Research Unit, Dairy Cow Welfare Fact 
Sheet: Lameness Impact on Welfare of Dairy 
Cattle, Fall 2010. https://pdfs.semanticscholar.org/
cb22/383f3529db74dc3276a10a44056c3a4a4686.pdf 

77 GT Kruse et al., The effect of lameness on average daily 
gain in feedlot steers, 2013 Nebraska Beef Cattle Report, 
pp. 68-69. https://beef.unl.edu/e607cd91-d15d-42cc-9e7b-
c843e15df929.pdf

78 GT Kruse et al., The effect of lameness on average daily 
gain in feedlot steers, 2013 Nebraska Beef Cattle Report, 
pp. 68-69. https://beef.unl.edu/e607cd91-d15d-42cc-9e7b-
c843e15df929.pdf

79 GL Stokka et al., Lameness in feedlot cattle, Veterinary Clinics 
of North America: Food Animal Practice 17 (2001):189-207. 

80 K Breuer et al., The effect of positive or negative handling 
on the behavioural and physiological response of nonlactating 
heifers, Applied Animal Behaviour Science 84 (2003):3-
22. See also PH Hemsworth et al., Relationships between 
human-animal interactions and productivity of commercial 
dairy cows, Journal of Animal Science 78 (2000):2821-2831; 
J Lensink et al., The influence of farmers’ behavior on veal 
calves’ reactions to transport and quality of veal meat, Journal 
of Animal Science 79 (2001):642-652. 

81 NFACC, Code of Practice for the Care and Handling of 
Beef Cattle: Review of Scientific Research on Priority Issues, 
Nov 2012, pp. 34-41. http://www.nfacc.ca/resources/codes-of-
practice/beef-cattle/Beef_Cattle_Review_of_Priority_Welfare_
Issues_Nov_2012.pdf 

82 FN Owens et al., Acidosis in cattle: a review, Journal of 
Animal Science 76 (1998):275-286.

83 National Cattlemen‘s Beef Association, 2016 National Beef 
Quality Audit, Navigating Pathways to Success: Steer and 
Heifer Executive Summary, 2017, p. 11. https://www.bqa.org/
Media/BQA/Docs/2016nbqa_es.pdf 

84 National Cattlemen‘s Beef Association, 2016 National Beef 
Quality Audit, Navigating Pathways to Success: Market Cow 
and Bull Executive Summary, 2017, p. 7 https://www.bqa.org/
Media/BQA/Docs/2016nbqa_es.pdf See also LG Garcia et al., 
National Beef Quality Audit 2005: survey of targeted cattle 
and carcass characteristics related to quality, quantity, and 
value of fed steers and heifers, Journal of Animal Science 86 
(2008):3533-3543. 

85 NFACC, Code of Practice for the Care and Handling of 
Beef Cattle: Review of Scientific Research on Priority Issues, 
Nov 2012, pp. 34-41. http://www.nfacc.ca/resources/codes-of-
practice/beef-cattle/Beef_Cattle_Review_of_Priority_Welfare_
Issues_Nov_2012.pdf

86 WW Ursinus et al., Tail biting behavior and tail damage in 
pigs and the relationship with general behaviour: predicting 
the inevitable?, Applied Animal Behaviour Science 156 
(2014)22-36. 

87 WW Ursinus et al., Tail biting behavior and tail damage in 
pigs and the relationship with general behaviour: predicting 
the inevitable?, Applied Animal Behaviour Science 156 
(2014)22-36. 

88 WW Ursinus et al., Tail biting behavior and tail damage in 
pigs and the relationship with general behaviour: predicting 
the inevitable?, Applied Animal Behaviour Science 156 
(2014)22-36.

89 VE Beattie et al., Effects of environmental enrichment on 
behaviour and productivity of growing pigs, Animal Welfare 4 
(1995):207-220. 

The Critical Relationship Between Farm Animal Health and Welfare



21

90 PA Kallio et al., Case control study on environmental, 
nutritional and management-based risk factors for tail-biting 
in long-tailed, pigs, Animal Welfare 27 (2018):21-34. 

91 PA Kallio et al., Case control study on environmental, 
nutritional and management-based risk factors for tail-biting 
in long-tailed, pigs, Animal Welfare 27 (2018):21-34. 

92 USDA Veterinary Services, National Animal Health Monitoring 
System, Swine 2012 Part I: Baseline Reference of Swine Health 
and Management in the United States, 2012, p. 59.

93 EL Schenk et al., USDA Agricultural Research Service, 
Livestock Behavior Research Unit, Sow Welfare Fact Sheet: 
Sow Lameness and Longevity, Fall 2010. https://www.ars.usda.
gov/ARSUserFiles/50201500/Sow%20Lameness%20Fact%20
Sheet.pdf 

94 EL Schenk et al., USDA Agricultural Research Service, 
Livestock Behavior Research Unit, Sow Welfare Fact Sheet: 
Sow Lameness and Longevity, Fall 2010. https://www.ars.usda.
gov/ARSUserFiles/50201500/Sow%20Lameness%20Fact%20
Sheet.pdf 

95 EL Schenk et al., USDA Agricultural Research Service, 
Livestock Behavior Research Unit, Sow Welfare Fact Sheet: 
Sow Lameness and Longevity, Fall 2010. https://www.ars.usda.
gov/ARSUserFiles/50201500/Sow%20Lameness%20Fact%20
Sheet.pdf 

96 EL Schenk et al., USDA Agricultural Research Service, 
Livestock Behavior Research Unit, Sow Welfare Fact Sheet: 
Sow Lameness and Longevity, Fall 2010. https://www.ars.usda.
gov/ARSUserFiles/50201500/Sow%20Lameness%20Fact%20
Sheet.pdf 

97 KS Schwartzkopf-Genswein, Road transport of cattle, 
swine and poultry in North America and its impact on animal 
welfare, carcass and meat quality: a review, Meat Science 92 
(2012):227-243.

98 M Rostagno, USDA Agricultural Research Service, Livestock 
Behavior Research Unit, Food Safety Fact Sheet: Stress in 
Farm Animals and Food Safety: Is there a Connection?, Fall 
2010. https://www.ars.usda.gov/ARSUserFiles/50201500/
Stress%20and%20Food%20Safety%20Fact%20Sheet.pdf 

99 M Rostagno, USDA Agricultural Research Service, Livestock 
Behavior Research Unit, Food Safety Fact Sheet: Stress in 
Farm Animals and Food Safety: Is there a Connection?, Fall 
2010. https://www.ars.usda.gov/ARSUserFiles/50201500/
Stress%20and%20Food%20Safety%20Fact%20Sheet.pdf 

100 CM Wathes et al., Ventilation, air hygiene and animal 
health, Veterinary Record 113 (1983):554-559. 

101 B David et al., Air quality in alternative housing systems 
may have an impact on laying hen welfare (Part I), Animal 5 
(2015):495-511. 

102 HH Kristensen & CM Wathes, Ammonia and poultry 
welfare: a review, World‘s Poultry Science Journal 56 
(2000):235-245. 

103 JL Purswell et al., Effects of frequency of multiple 
applications of litter amendment on litter ammonia and live 
performance in a shared airspace, Journal of Applied Poultry 
Research 22(2013):469-473. 

104 DM Miles et al., Atmospheric ammonia is detrimental to 
the performance of modern commercial broilers, Poultry 
Science 83 (2004):1650-1654. 

105 DM Miles et al., Ocular responses to ammonia in broiler 
chickens, Avian Diseases 50 (2006):45-49. See also DP 
Anderson et al., Influence of poultry house dust, ammonia, 
and carbon dioxide on the resistance of chickens to 
Newcastle Disease virus, Avian Diseases 10 (1966):177-188; 
KV Nagaraja et al., Effect of ammonia on the quantitative 
clearance of Escherichia coli from lungs, air sacs, and livers of 
turkeys aerosol vaccinated against Escherichia coli, American 
Journal of Veterinary Research 45 (1984):392-395. 

106 OO Oyetunde et al., Aerosol exposure of ammonia, dust, 
and Escherichia coli in broiler chickens, Canadian Veterinary 
Journal 45 (1978):187-193. 

107 EKM Jones et al., Avoidance of atmospheric ammonia by 
domestic fowl and the effect of early experience, Applied 
Animal Behaviour Science 90 (2005):293-308.

108 DR Charles & CG Payne, The influence of graded levels 
of atmospheric ammonia on chickens (Part II), British Poultry 
Science 7 (1966):189-198. 

109 B David et al., Air quality in alternative housing systems 
may have an impact on laying hen welfare (Part I), Animal 5 
(2015):495-511.

110 National Chicken Council, Animal Welfare Guidelines 
and Audit Checklist for Broilers, Feb. 2017, p. 11. http://www.
nationalchickencouncil.org/wp-content/uploads/2017/07/NCC-
Welfare-Guidelines-Broilers.pdf

111 W Bessei, Welfare of broilers: a review, World‘s Poultry 
Science Journal 62 (2006):455-466. 

112 NB Prescott et al., Light, vision and the welfare of poultry, 
Animal Welfare 12 (2003):269-288.

113 RC Newberry et al., The influence of light intensity on 
behavior and performance of broiler chickens, Poultry 
Science 67 (1988):1020-1025. 

114 A Fanatico, Poultry House Management for 
Alternative Production, National Sustainable Agriculture 
Information Service, 2007. http://attra.ncat.org/attra-pub/
poultryhousemanage.html 

115 J Buyse et al., Effect of intermittent lighting, light intensity 
and source on the performance and welfare of broilers, 
World‘s Poultry Science Journal 52 (1996):121-130. 

116 AL Hall, The effect of stocking density on the welfare and 
behavior of broiler chickens reared commercially, Animal 
Welfare 10 (2001):23-40. 

The Critical Relationship Between Farm Animal Health and Welfare



117 HK Kang et al., Effects of stock density on the laying 
performance, blood parameter, corticosterone, litter quality, 
gas emission and bone mineral density of laying hens in floor 
pens, Poultry Science 95 (2016):2764-2770. 

118 HK Kang et al., Effects of stock density on the laying 
performance, blood parameter, corticosterone, litter quality, 
gas emission and bone mineral density of laying hens in floor 
pens, Poultry Science 95 (2016):2764-2770. 

119 SF Bilgili & JB Hess, Placement density influences broiler 
carcass grade and meat yields, Journal of Applied Poultry 
Research 4 (1995):384-389.

120 WA Dozier et al., Stocking density effects on growth 
performance and processing yields of heavy broilers, Poultry 
Science 84 (2005):1332-1338. 

121 National Chicken Council, U.S. Broiler Performance, Sept. 
26, 2017. http://www.nationalchickencouncil.org/about-the-
industry/statistics/u-s-broiler-performance/ 

122 TG Knowles et al., Leg disorders in broiler chickens: 
prevalence, risk factors and prevention, PLoS ONE 3 
(2008):e1545. 

123 CA Weeks, The behavior of broiler chickens and its 
modification by lameness, Applied Animal Behavior Science 
67 (2000):111-125. See also RS Beyer, Leg problems in broilers 
and turkeys, Kansas State University, Agricultural Experiment 
Station and Cooperative Extension Service, 2008, EP-113. 
http://krex.k-state.edu/dspace/bitstream/handle/2097/21686/
KSUL0009KSREEPPUBSEP113a.pdf?sequence=1 

124 SA Corr et al., The effect of morphology on walking ability 
in the modern broiler: a gait analysis study, Animal Welfare 12 
(2003):159-171. 

125 RJ Julian, Rapid growth problems: ascites and skeletal 
deformities in broilers, Poultry Science 77 (1998):1773-1780. 

126 USDA Agricultural Research Service, Improving poultry 
skeletal health, LBRU Update, Summer 2017, p. 1. https://www.
ars.usda.gov/ARSUserFiles/50201500/LBRU%20Update%20
Summer%202017%20final.pdf 

127 RJ Julian, Rapid growth problems: ascites and skeletal 
deformities in broilers, Poultry Science 77 (1998):1773-1780.

128 L Keeling, Behaviour of fowl and other domesticated birds, 
The Ethology of Domestic Animals: An Introductory Text, 
2002, CAB International, pp. 101-117. 

129 IA Olsson & LJ Keeling, Night-time roosting in laying hens 
and the effect of thwarting access to perches, Applied Animal 
Behaviour Science 68 (2000):243-256. 

130 LS Cordiner & CJ Savory, Use of perches and nestboxes by 
laying hens in relation to social status, based on examination 
of consistency of ranking orders and frequency of interaction, 
Applied Animal Behaviour Science 71 (2001):305-317. 

131 BA Ventura et al., Access to barrier perches improves 
behavior repertoire in broilers, PLoS ONE 7 (2012):e29826. 

132 S Gunnarsson et al., Effect of rearing factors on the 
prevalence of floor eggs, cloacal cannibalism and feather 
pecking in commercial flocks of loose housed laying hens, 
British Poultry Science 40 (1999):12-18. 

133 BO Hughes & MC Appleby, Increase of bone strength of 
spent laying hens housed in modified cages with perches, 
Veterinary Record 124 (1989):483-484. 

134 B Huber-Eicher & L Audige, Analysis of risk factors for the 
occurrence of feather pecking in laying hen growers, British 
Poultry Science 40 (1999):599-604. 

135 RA Burger & GH Arscott, A cage-related footpad dermatitis 
in dwarf and normal-sized Single Comb White Leghorn layers, 
Poultry Science 63 (1984):1512-1515. 

136 PY Hester et al., The effect of perch availability during pullet 
rearing and egg laying on musculoskeletal health of cage White 
Leghorn hens, Poultry Science 92 (2013):1972-1980. 

137 JL Campo et al., Influence of perches and footpad 
dermatitis on tonic immobility and heterophil to lymphocyte 
ratio of chickens, Poultry Science 84 (2005):1004-1009. 

138 S Gunnarsson et al., The demand for straw and feathers 
as litter substrates by laying hens, Applied Animal Behaviour 
Science 65 (2000):321-330. 

139 AC Murrillo & BA Mullens, Management of Northern fowl 
mites in cage-free poultry systems, Journal of Economic 
Entomology, 109 (2016):2572-2579. 

140 FM Tahamtani et al., Effects of litter provision during early 
rearing and environmental enrichment during production 
phase on feather pecking and feather damage in laying hens, 
Poultry Science 95 (2016):2747-2756.

141 M Brantsaeter et al., Access to litter during rearing 
and environmental enrichment during production reduce 
fearfulness in adult laying hens, Applied Animal Behaviour 
Science 189 (2017):49-56. 

142 HJ Blockhuis & PR Wiepkema, Studies of feather pecking in 
poultry, Veterinary Quarterly 20 (1998):6-9. 

143 WJ Kuenzel, Neurological basis of sensory perception: 
welfare implications of beak trimming, Poultry Science 86 
(2007):1273-1282. 

144 RM Marchant-Forde et al., Comparative effects of infrared 
and one-third hot-blade trimming on beak topography, 
behavior, and growth, Poultry Science 85 (2008):1474-1483.

145 RL Dennis et al., Effects of different infrared beak 
treatment protocols on chicken welfare and physiology, 
Poultry Science, 91 (2012):1499-1505. See also PC Glatz et 
al., Analgesic therapy of beak-trimmed chickens, Australian 
Veterinary Journal 69 (1992):18. 

146 RM Marchant-Forde et al., Comparative effects of infrared 
and one-third hot-blade trimming on beak topography, 
behavior, and growth, Poultry Science 85 (2008):1474-1483.

22

The Critical Relationship Between Farm Animal Health and Welfare



147 MJ Gentile, Neuroma formation and abnormal afferent 
nerve discharges after partial beak amputation (beak 
trimming) in poultry, Eperientia 41 (1985):1132-1134. 

148 CA Lunam et al., The absence of neuromas in beaks of 
adult hens after conservative trimming at hatch, Australian 
Veterinary Journal 74 (1996):46-49. 

149 BA Mullens et al., Beak condition and cage density 
determine abundance and spatial distribution of northern 
fowl mites, Ornithonyssus sylviarum, and chicken body lice, 
Menacanthus stramineus, on caged laying hens, Poultry 
Science 89 (2010):2565-2572. 

150 BL Chen et al., Beak condition drives abundance and 
grooming-mediated competitive asymmetry in a poultry 
ectoparasite community, Parasitology 138 (2011):748-757.

23

The Critical Relationship Between Farm Animal Health and Welfare



900 Pennsylvania Avenue, SE, Washington, DC 20003


