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Preface

The purpose of this book is to serve as a source of the latest scientific research information and as
an archive of practical information. In this third edition, the goal is to bring together in one book the
latest research data and practical information on animal handling, the design of facilities and trans-
port. Some of the most valuable contributions to the knowledge of animal handling and transport
are often located in producer publications that are difficult to obtain. The extensive reference lists in
each chapter will help preserve important knowledge that may not be available on the Internet. At
the end of the book there is an index of useful web pages on handling, behaviour and transport.

The first edition was published in 1993 and this third edition was published 14 years later. It is
fully updated with the latest research. An extensively revised introductory chapter covers the
increasing awareness of animal welfare around the world and outlines the effective auditing
programmes of large, corporate meat buyers. Three new authors have chapters on sheep transport,
biosecurity and low-stress methods for sorting cattle and weaning calves.

To provide an additional perspective on livestock management in South America, Asia, India
and other regions, two new co-authors have been added to the chapters on cattle transport and the
handling of cattle raised in close association with people.

The best of the older material — including all the popular handling system layouts and behav-
iour diagrams — has been kept. Many readers reported that they found these diagrams useful.

All aspects of animal handling are covered, such as handling for veterinary and husbandry pro-
cedures, stress physiology, restraint methods, transport, corral and stockyard design, handling at
slaughter plants and welfare. Principles of animal behaviour are covered for cattle, sheep, pigs,
horses, deer and poultry.
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T Introduction: Effect of Customer
Requirements, International Standards and
Marketing Structure on the Handling and
Transport of Livestock and Poultry

Temple Grandin

Department of Animal Sciences, Colorado State University, Fort Collins, USA

Introduction

Since the 2000 edition, there have been great
changes in the industry that have brought about
improvements in handling and transport of live-
stock. Both new international standards and
animal handling audits by major meat-buying
customers have been drivers of these improve-
ments. Large companies such as McDonald’s
Corporation, Wendy’s International, Tesco Super-
markets and others conduct audits to ensure that
meat suppliers maintain high standards.

The author has worked with McDonald's,
Wendy's, Burger King and other companies in
implementing slaughter plant auditing programmes
in the USA, Australia and other countries. These
programmes have brought about great impro-
vements since their implementation in 1999
(Grandin, 2001, 2005a). To remain on a cus-
tomer’s approved suppliers list, the plants had
to upgrade their practices. Many of the impro-
vements were accomplished by improved
equipment maintenance, better training and
supervision of employees, and by simple, inex-
pensive modifications.

Animal handling and welfare auditing pro-
grammes are now being conducted in many
countries around the world, ranging from South
America to Asia. In the USA, Canada, Australia
and New Zealand, approximately 90% of the

large beef and pork slaughter plants are audited
by major customers. The author has observed
that the places with the worst practices are slaugh-
ter plants that are not audited by customers.

Another significant development since the
2000 edition has been the development of ani-
mal welfare guidelines by the OIE (World Organi-
zation for Animal Health) in Paris (OIE, 2005a).
Due to the increasing globalization of the entire
the livestock industry, OIE guidelines are being
used in more and more countries to determine
standards for trade. These guidelines cover wel-
fare during both slaughter and transport of cat-
tle, pigs, sheep, goats and all types of poultry
(OIE, 2005b, c). OIE guidelines are minimum
worldwide standards for animal welfare. The
welfare requirements of major meat-buying cus-
tomers are usually more strict. The European
Union has also made regulations of livestock
transport more strict: more rest stops are required
and truck drivers will be required to take training
courses.

A third major factor of increasing impor-
tance is the demands for animal identification
and source verification by both commercial cus-
tomers and governments in countries that
import meat. Animals have to be able to be
traced back to the farm of origin (Smith et al.,
2005). Identification and traceback holds pro-
ducers accountable for losses due to bruises,

©CAB International 2007. Livestock Handling and Transport,

3rd edn. (ed. Grandin, T.)
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dark-cutters and disease. A major motivator for
improved animal identification has been the
advent of BSE (bovine spongiform encephalo-
pathy) and other animal diseases, the dramatic
changes having been brought about by require-
ments from meat buyers. Both government and
private companies require producers to adhere
to strict guidelines for animal welfare and food
safety. The most effective programmes originate
from countries and companies that have a large
economic influence on the market.

Guidelines and training materials

Livestock producers’ associations, governing
bodies and animal welfare groups have
responded by publishing more guidelines and
training materials for handling and transport.
Europe has had guidelines for years but, since
2000, the European Commission has published
a major report on animal welfare during trans-
port (Broom et al., 2002). The Farm Animal
Welfare Council in the UK has also issued
reports (FAWC, 2003, 2005). Canada, the USA
and South America have published more train-
ing guidelines since 2000.

Various guidelines and programmes are
now in place: (i) the US Pork Board Truckers
Quality Assurance programme for the training
of truck drivers; (ii) Canadian guidelines on
transport of unfit animals (Fisher et al., 2005;
Mason, 2005; OFAC, 2005; Ontario Beef, 2005);
and (iii) South American guidelines for the train-
ing of those people handling livestock (Barros
and Castro, 2004; Gallo and Stegmaier, 2005).
Australia has National Animal Welfare Stan-
dards on handling and transport (Edge et al.,
2005). The guidelines used by many restaurant
companies for auditing meat plants have been
updated and now have a standardized audit
form (Grandin, 2005b). Retailers are also using
standards developed by producer groups to
audit farms in many countries.

Both the Canadian and the US governments
have new restrictions on the transport and slaugh-
tering of non-ambulatory animals: in the USA,
non-ambulatory cattle are not allowed to enter
the food supply. To guide USDA (US Depart-
ment of Agriculture) veterinarians on humane
handling enforcement, the Food Safety Inspec-
tion Service started HIKE (Humane Interactive

Knowledge Exchange), which provides meat
inspectors with case histories of handling and stun-
ning problems that have occurred in actual plants.
These real-life scenarios provide easy-to-under-
stand instructions on how to enforce the various
regulations (see http://www.fsis.usda.gov).

Effect of Customer Audits on
Animal Handling

Audits conducted by the large restaurant com-
panies have been one of the most significant
factors that have improved animal handling and
stunning in the USA and many other countries.
The most effective audit programmes encourage
suppliers to continuously improve, and plants
that repeatedly fail audits are removed from the
customer’s approved supplier list. This has the
effect of making plant management take the audit
seriously. Table 1.1 compares measures of stun-
ning and handling before and after the audit pro-
grammes started in 57 US beef plants (Grandin,
1997a, 2002, 2005a). Pork plants have also
greatly improved. The incidence of cattle or pigs
falling down due to slippery floors or rough han-
dling has almost been eliminated in plants that
have been in a customer auditing programme
for 2 or more years.

Poultry plants that have been in a strict res-
taurant welfare auditing programme, where they
are required to correct deficiencies, also have
much better standards of treatment compared
with other plants. Twenty-six poultry complexes
that had been in a strict handling and stunning
audit programme for 3 or more years had no
acts of severe abuse observed during an audit.
However, 18 complexes that were not part of this
programme had acts of severe abuse in 28% of
the complexes. Abusive handling included throw-
ing and kicking chickens, putting live chickens in
the trash and scalding live chickens. The plants
in the strict restaurant audit programme also had
superior plant scores on stunning, broken wings
and transport cage repair (see Table 1.2).

Constant vigilance is required by both the
customer’s auditors and plant management to
keep standards high. The best beef and pork plants
have their own internal audits, but a few plants
have had continuous problems and have let their
standards slip. The key is plant management
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Table 1.1.
major customer with strict requirements.

Improvements in cattle stunning and handling in slaughter plants that were audited by a

Handling stress
indicator — cattle
that vocalize
(moo or bellow

Cattle rendered in the stun box Plgnts
insensible with and during passing the
one shot from a _ movement into vocalization
captive bolt (%) Plants passing the stun box) (%)~ auditwith
the stunning audit 3% or less
Average with 95% or more Average of animals
of all Worst cattle stunned with of all Worst vocalizing
plants plant one shot (%) plants plant (%)
Baseline — 89 80 10 8 32 43
before
customer
audits started
(n=ten
plants for
stunning)
Fourth year 97 86P 94 2 6 91
of being
audited by
three major
customers?

(n= 53 plants)

2 These customers were very strict and plants that failed to correct deficiencies were removed from the

approved supplier list.

b Cull cows and bulls. One plant has fluctuated from year to year, passing and failing audits due to poor

management.

(Grandin, 1988). In several large audited plants,
a change in management solved their problems
with failed audits. In another case, when a plant
lost a good manager it started to fail audits.

In most US, Australian, European and Cana-
dian beef and pork plants, good standards could
be achieved and maintained by improvements
in stunner maintenance, installation of non-slip
flooring and the elimination of distractions such
as shiny reflections that cause animals to baulk
and refuse to move (Grandin, 1996, 2005b,
2007; Grandin and Johnson, 2005). They did
not have to build a new facility. Often, changing
the lighting or adding solid sides on a race or stun
box was all that was needed to improve animal
movement. Moving a lamp will often remove a
reflection, and the installation of additional indi-
rect lighting will attract all species into dark stun
boxes, restrainers or races.

However, plants in other countries that
did not previously have proper stunning equip-
ment have now installed stunners and thereby
improved their handling facilities. Since the year
2000, there has been a boom in remodelling
and renovation of plants in South America and
Asia. This was done to fulfil customer and inter-
national requirements for both animal welfare
and food safety.

Importance of outcome-based
objective standards

A well-written standard that can be consistently
applied avoids vague terms such as adequate or
proper. What one person may consider proper
handling another may consider abusive. An
example of a clearly worded standard is: ‘all pigs
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Table 1.2.
major customer with strict requirements.

Improvements in poultry handling and stunning in slaughter plants that are audited by a

Plants having 3%
or less broken or
dislocated wings
(per bird basis, %)

Plants passing the

stunning audit with

99% or more of the
chickens stunned in a
waterbath stunner (%)

Plants passing the
audit with 95% or more
of the transport cages
in good repair (%)

Plants that were not 58
part of a strict restaurant
audit programme (n=12
plants for stunning and
broken wings; n= 18 for
level of cage repair)

Plants that were in a
strict restaurant audit
programme for at least
3 years (n= 26 plants?)

100

42 88

96 92

aThis customer was very strict and plants that failed to correct deficiencies were removed from the

approved supplier list.

must have enough space so that they can all lie
down at the same time without being on top of
each other’.

One of the reasons for the success of the
restaurant programmes is that they have used
a simple, objective, outcome-based numerical
scoring system that minimized subjective
judgment. Outcome-based audits that are
based on activities and things that auditors
can directly observe are much more effective
than audits based on the examination of paper-
work. Plant management knew exactly what
was expected and the objective nature of the
scoring system produced similar results with
different auditors.

The principle here is to measure relatively
few really important outcome-based critical
control points (core criteria) that measure
numerous problems. For example, animals fall-
ing down is a sensitive indicator of either poorly
trained handlers or slippery floors. Vocalization
(bellowing or squealing) is another indicator of
problems; this can be caused by a broken stunner,
slipping on the floor, excessive pressure from a
restraint device, use of an electric goad or by
leaving an animal in the stun box too long.

The five numerically scored core criteria are:

e  percentage of animals rendered completely
insensible with one application of the stunner;

e  percentage that remain insensible (must be
100% for pass);
percentage that fall down during handling;
percentage that vocalize during stunning
and handling in the stunning box and lead-
up race; and

e  percentage prodded with an electric goad.

Each animal is scored with simple yes/no
scoring. For example, was an animal touched with
an electric goad or not touched? For vocaliza-
tion, each bovine is scored as being either silent
or vocalizing. Scoring of cattle vocalization
(moo or bellow) during handling is a sensitive indi-
cator of distress. Grandin (1998a) found that 98%
of all cattle vocalization in the stun box or in the
race leading up to the stun box was associated
with an aversive event such as missed stuns, slip-
ping or falling, excessive pressure from a restraint
device, single bovine isolated too long or electric
goading. Vocalization is associated with stress
(Dunn, 1990; Warriss et al., 1994; White et al.,
1995; Weary et al., 1998).

There are also five acts of abuse that would
lead to automatic audit failure:

the dragging or throwing of sensible animals;
the prodding of a goad into sensitive parts
of animals;

e  deliberate beating of animals;
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the slamming of gates on animals; and
the intentional driving of one animal over
the top of another.

A more complete description can be found
in the following: Grandin, 1998b, 2005a, b,
2007. Abusive methods of restraint and han-
dling that are common in developing countries
would also lead to automatic audit failure. The
following practices would be banned - shackling
and hoisting of live animals by the leg, poking
out eyes, cutting tendons and puntilla. Another
problem area in some countries is the lack of
truck loading ramps: animals are pushed or
thrown off vehicles. Ramps are easy to build
(see Fig. 1.1) and should be one of the required
standards.

To pass the audit, a plant must have an
acceptable score on all five core criteria and
exhibit no acts of abuse. Measurement with
numerical scoring enables management to deter-
mine if handling has improved or has become
worse. Continuous measurement is required to
prevent a return of rough handling. The scoring
method is objective, but what the minimum
acceptable scores would be is determined by
either the customer or trading partner. Restaurant
audits typically have the following requirements:

Fig. 1.1.
local people using readily available materials.

no more than 1% of the animals falling and 75%
or more moved with no electric goad. The mini-
mum acceptable scores are 95% rendered insen-
sible with one captive bolt shot, 9% correct
placement for electrical stunning and 5% or less
of cattle vocalizing. All animals must be insensi-
ble prior to hoisting. Performing any dressing or
slaughter procedure on a sensible animal results
in an automatic audit failure.

Auditing of truck loading and unloading

A similar scoring system can be used for moni-
toring animal handling on farms and during
truck loading. The percentage of cattle, pigs and
sheep falling down, percentage goad-prodded
and the percentage that run into fences can be
easily measured. Maria et al. (2004) have devel-
oped an effective scoring system for determin-
ing stress during loading and unloading of trucks.
Higher scores were associated with higher physi-
ological measurements.

Alvaro Barros-Restano (personal communi-
cation, 2006) is achieving good results measur-
ing truck loading and unloading and handling
in Uruguayan markets. He measures all of the

Well-designed truck-loading ramp that could easily be constructed in a developing country by
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previously stated measures plus the percentage
of cattle running. Moving animals at a walk or
trot is an indicator of good handling, and run-
ning is usually an indicator of rough handling.
He audited 1200 cattle at a large market, and
99.5% were moved at a walk or trot. Continu-
ous measurement improves handling. Other
outcome variables that can be measured are per-
centage of downed, non-ambulatory animals and
dead animals in a truck.

Trucks can also be monitored for waiting
time to unload and stocking density. Poor truck
scheduling that increases the time pigs have to
wait in trucks before unloading will increase the
number of dead (Ritter et al., 2005). For poul-
try, the percentage of birds with broken wings is
an effective measure to access chicken handling
standards. Scoring of broken and dislocated wings
is being used by customer auditors in many differ-
ent countries. Other effective measures for poultry
transport are the percentage of damaged trans-
port cages, percentage of overstocked cages and
birds dead on arrival.

The use of measurement to reduce losses

Programmes that reward animal handlers and
truck drivers for low levels of damage to animals
can be very effective. Hartung et al. (2003)
reviewed many transportation studies and rec-
ommended paying truck drivers based on reduc-
ing losses. These programmes must have accurate
measurements of losses. In the poultry industry,
paying chicken-catching teams an extra US$30
per person per week for low levels of damage
greatly reduced broken wings. Poultry industry
data collected by the author showed that incen-
tive pay, combined with measurement of broken
wings, reduced damage levels from 5-6% of
birds to 1-2%.

Progressive managers use measurement
programmes for accessing the percentage of
dead pigs or chickens by loading team and by
truck drivers. McGlone (2006) found that some
truck drivers were linked with twice as many
dead or non-ambulatory pigs. Both measurement
and the holding of people accountable brought
about a 48% reduction in dead pigs (Hill, 2005).
Careful measurements also revealed that worker
fatigue is a big factor (Ritter et al., 2005). Hill
(2005), at Premium Standard Farms in the USA,

found that truck-loading crews became fatigued
and the percentage of dead pigs increased after
five or six large trucks had been loaded. To reduce
death rates, the workload was reduced to six trucks
per shift.

In both the poultry and the pork industries,
internal data have shown that it pays to work a
truck-loading crew for no more than 6 h. Abuse
is more likely to occur when handlers are
fatigued or the equipment is either poorly
designed or broken. Hill (2005) had to record
data on many trucks to discover that it would
pay not to overwork loading crews. Some of the
most useful information comes from studies
where large numbers of animals are monitored.
Lewis et al. (2005) used a statistical power anal-
ysis to determine that over 200 truckloads were
required to reliably determine if a new practice
made a difference. Another factor is truck driver
fatigue: Jennifer Woods, a livestock handling
consultant, states that fatigue is a major contri-
bution to livestock truck accidents.

Auditing transport stock density and losses

There are a lot of conflicting data on the proper
stocking density for trucks. For both pigs and cat-
tle there is evidence that more space is required
for longer trips and those undertaken in hot
weather. Pigs will remain standing if the trip is
3 hor less (Guise et al., 1998). After 3 h they will
need additional space to lie down. For short
journeys, there was little evidence of detrimental
effects with a loading density of 281 kg/m?; this is
equivalent to 0.35 m? per 100 kg pig (Guise et al.,
1998). Similar results have been reported by
Ritter et al. (2006a).

Very high stocking densities of 0.39 m? for
129 kg pigs resulted in a significant increase
in both dead and non-ambulatory animals
(Ritter et al., 2006b). The percentage of non-
ambulatory pigs and death losses is highly cor-
related (Hamilton et al., 2003). Similar results
have been reported in cattle. On shorter jour-
neys where animals remain standing, they can
be stocked more tightly. Filling a vehicle so
tightly that closing the gates becomes difficult is
a bad practice that should be banned. The
author suggests auditing transportation with
outcome variables such as death losses, bruis-
ing, PSE, dark-cutters, leg injuries and the
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number of non-ambulatory animals. These data
could be used to determine stocking densities
for varying weather conditions, journey times
and vehicle types.

Importance of stockmanship

A mistake made by many managers is in assum-
ing that technology such as a mechanical chicken
harvesting machine or a fancy new fan-ventilated
truck will automatically solve all handling prob-
lems. Good equipment makes it easier to handle
animals but its use must be managed and super-
vised. During a 35-year career, the author has
observed severe animal abuse in poorly man-
aged state-of-the-art facilities. Technology
should never be used as a substitute for good
management. Audits and financial incentives are
powerful tools for the improvement of animal
treatment and the reduction of losses.

Paul Hemsworth, an Australian researcher,
has clearly shown that good stockmanship and
careful, quiet handling pays dividends. Pigs and
dairy cattle that are roughly treated and fear peo-
ple produce fewer progeny, have lower weight
gains and produce less milk (Hemsworth and
Coleman, 1994; Hemsworth et al., 2000). The
attitude of the stock person is also important: ani-
mals perform better when they are handled and
raised by people who like animals (Hemsworth
etal., 1994).

Observations by the author in numerous
feedlots and slaughter plants indicate that when
the electric prod was no longer the person’s pri-
mary driving tool, the worker’s attitude improved
and they were less likely to yell or hit animals.
Since audits started, non-electric driving aids
such as flags, plastic bags and plastic paddles are
now the main tools. The electric goad is picked up
only when a stubborn animal refuses to move.

In the best slaughter plants where distractions
that cause backing-up and baulking have been
removed, 95% or more of cattle or pigs can be
moved easily into a stun box or restrainer with no
electric goad. For on-farm pigs and sheep, elec-
tric goads should not be used. If animals con-
stantly back up, baulk or turn back, distractions
in the facility must be eliminated (Grandin, 1996).
This is essential for reduction in use of the elec-
tric goad.

Further research by Coleman et al. (2003)
also shows the importance of removing the elec-
tric goad as a person’s main handling tool. Mea-
surable improvements in the handler’s attitude
occurred when they used electric goads with the
power turned off. However, there are times
when the electric goad is needed. An electric
shock is preferable to tail-twisting or beating an
animal. Continuous measurement of handling
with numerical scoring will help confine use of
the electric goad to a very low level.

The quality of stockmanship will have a
huge effect on the reduction of dead or non-
ambulatory pigs. Multiple shocks with an electric
prod and rough handling greatly increased the
number of non-ambulatory pigs, and serum lac-
tate levels were greatly elevated (Benjamin
etal., 2001). McGlone (2005) conducted obser-
vations of hundreds of 115 kg pigs at a large
commercial slaughter plant and found that for
every 14 pigs electrically prodded, one pig became
fatigued and non-ambulatory. Non-ambulatory
pigs were approximately four times more numer-
ous when the electric prod was used on over
60% of the pigs compared to the numbers when
it was used on fewer than 10%.

Unpublished industry data have also shown
that careful truck-driving, with smooth starts and
stops, will reduce numbers of non-ambulatory
pigs, bruising on cattle and dark-cutters. Eco-
nomic incentives are powerful motivations for
good stockmanship. Large, vertically integrated
pork and poultry companies often have a com-
bination of contract farms and company-owned
farms. On company-owned farms, hired employ-
ees care for the animals; on contract farms, the
producer owns the farm and has a bigger finan-
cial stake in how well the animals perform.
Unpublished internal records from two large com-
panies indicate that contract farms outperform
the company operations.

Economic losses from bruising

Smith et al. (1995) and Boleman et al. (1998)
reported a bruised carcass level of 48% in US fed
steers and heifers. More recent data taken dur-
ing 2005 - after the restaurant audits had
started — indicated that the percentage of
bruised fed cattle had dropped to 35% (Smith
et al., 2006). Improvements in handling that
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were required by the restaurant companies
helped to reduce bruising. Observations in the
USA by the author and Vogel (2006) in large
beef plants indicated that facilities where man-
agement had worked hard to train truckers had
much lower bruising rates than the 35% indus-
try average. In these plants, the level of com-
mercially significant bruising was similar to the
4.1% level reported in a British survey (Weeks
et al., 2002). Bruising causes huge economic
losses (Marshall, 1977; Blackshaw et al., 1987).
Bruised meat must be trimmed out and cannot
be used for human consumption.

Sheep and cattle sold through markets had
a higher level of bruising than livestock sold
directly to the slaughter plant (Cockram and
Lee, 1991; McNally and Warriss, 1996; Hoffman
et al., 1998; Weeks et al., 2002). A Canadian
study showed that 15% of the cattle had severe
bruising and 78% of carcasses were bruised
(Van Donkersgoed et al., 1997). Smith et al.
(1995) found that 22% of cull cows in the USA
had severe bruising and 2.2% of these animals
had extreme bruising that had destroyed major
portions of the carcass. More than 50% of the
meat may be destroyed if a cow falls down in a
truck and is trampled by other cattle.

Selling cull cows when they are still in good
body condition will provide the greatest eco-
nomic benefit (Apple et al., 1999a, b; Roeber
et al., 2001). A survey of cull sows in Minnesota
indicated that 67% had foot lesions and 4.6%
had shoulder lesions (Ritter et al., 1999). A more
recent survey of sows in two large slaughter
plants — by lowa State University — indicated
that 12.5% had shoulder lesions and 4.8% of
these lesions were open sores (Knauer et al.,
2006). The incidence of foot pad lesions was
67.5% (Knauer et al., 2006). Shoulder lesions
that occur in sows housed in stalls cause exten-
sive meat damage.

Stress-induced meat quality problems, such
as dark-cutters, cause even greater losses. The
National Beef Quality Audit estimates that
dark-cutters cost the beef industry US$6.08 for
every fed animal slaughtered (Boleman et al.,
1998). In fed beef, approximately 2% of steers and
heifers were found to be dark-cutters (McKenna
et al., 2002; Smith et al., 2006). Dark-cutting
beef is darker and drier than normal and has a
shorter shelf life. Informative reviews on dark-
cutting beef can be found in Hood and Tarrant

(1981), Fabiansson et al. (1988) and Scanga
et al. (1998). The Scanga et al. (1998) study is
especially valuable because thousands of cattle
were observed.

Weight loss and death losses in cattle

Research at Oklahoma State University (1999)
has indicated that the withdrawal of feed from
fed feedlot cattle for 24 h prior to slaughter
resulted in a loss of $5.00 per animal due to car-
cass shrinkage and an increased level of dark-
cutters. Feedlot managers sometimes do this so
that an extra steer can be transported without
violating truck weight limitations, but it is a false
economy.

Carcass shrinkage (loss of weight) due to
rough handling or long hours in transport causes
additional losses. Shorthose and Wythes (1988)
reviewed numerous studies that quantify shrink-
age in cattle and sheep. Large economic losses
also occur due to death losses and morbidity in
calves that are transported long distances (Hails,
1978). Death losses in US cattle amount to
approximately 1% of fed cattle (Jensen et al.,
1976; Irwin et al., 1979; Bartlett et al., 1987;
Loneragen et al., 2001).

A high percentage of death loss is due to
shipping fever, a respiratory disease caused by
a combination of shipping stress and viral and
bacterial agents. Shipping fever (bovine respira-
tory disease) costs the US cattle industry US$624
million annually (National Agricultural Statistics
Service, 1992-1998). Sickness occurs in about
5% of yearlings (Jensen et al., 1976) and in
14-15% of calves (Bartlett et al., 1987; Snowder
et al., 2006). In another study, 22% of steers
required medical treatment for sickness (Waggoner
et al., 2006).

Dr Dan Thomas, feedlot specialist at Kan-
sas State University, states that in feedlot calf
programmes, death losses may rise to 5-10% if
the calves have not been pre-weaned and vac-
cinated prior to arrival (Ishmael, 2005). About
70% of all death losses occur in calves weighing
<225 kg (Noon et al., 1980).

Preconditioning, which consists of weaning
and vaccinating 35-45 days prior to shipment
to a feedlot, resulted in the reduction of death
losses due to respiratory disease (shipping fever)
at the feedlot from 0.98 to 0.16% (National
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Cattlemen’s Association, 1994). A combination
of pre-shipment vaccination and good trucking
practices can keep death losses on 35-h non-
stop trips to <0.1% (Mills, 1987; Grandin,
1997b). Savings in medical costs and losses from
reduced weight gains in sick cattle would be even
higher.

Progressive cattle feedlot operators have
found that quiet handling during vaccinating
enables cattle to go back on feed more quickly.
Low-stress handling can cut doctoring and med-
ical expenses by 50% (Maday, 2005). Steve
Cote, a specialist in low-stress cattle handling,
states that quiet handling can reduce disease
from 10 to 1% in calves after they have arrived
at a feedlot. Cattle which become agitated while
being handled in a squeeze chute will have
lower weight gains and yield tougher meat
(Voisinet et al., 1997a, b). In another study,
Angus cattle that had become excited during
handling had lower marbling scores and poorer
meat quality compared to those of calm steers
(Vann et al., 2006).

Improvements in vaccination and han-
dling practices to reduce sickness can improve
profitability. Researchers at Texas A & M Uni-
versity (1998-1992) found that healthy feedlot
cattle were more profitable and provided
US$49.55-117.42 more profit per animal. Fed
cattle that get sick lose some of their marbling
and are given a lower-quality grade. A more
recent study showed that feedlot cattle that
became ill were worth US$69-254 less than
healthy steers (Waggoner et al., 2006).

Meat quality losses in pigs

In pigs, deaths during transport, and pale, soft,
exudative (PSE) meat cause large financial loss.
Rademacher and Davis (2005) found that over-
loading trucks doubled the number of pigs that
died shortly after unloading. PSE is a pork qual-
ity defect which is caused by a combination of
factors, such as pigs with stress-susceptible genes,
rough handling shortly before slaughter and
poor carcass chilling. Good reviews on PSE and
handling can be found in Smulders (1983),
Grandin (1985), Sather et al. (1991), Tarrant
(1993), Warriss (2003) and Terlouw (2005).

A Canadian study showed that, even when
the stress gene had been bred out of 90% of the

pigs, there was still a PSE level of 14.8% (Murray
and Johnson, 1998). The authors visited the plant
where this study was conducted and observed
extremely excessive use of electric prods. In
another Canadian plant with good handling,
similar pigs demonstrated only 4% PSE. The
most recent survey in the USA indicated that
3.34% of the pigs had poor-quality meat having
all three of the PSE traits of pale colour, softness
and watery texture (VanSickle, 2006).

Pork from heavyweight pigs with the stress
gene was judged by a taste panel to be tougher
and drier than pork from pigs free of the stress
gene (Monin et al., 1999). The author has
observed that ultra-lean pigs selected for large
muscles have much tougher and drier meat
compared to slower-growing pigs with more
marbling. Morgan et al. (1993) reported that
9.1% of all hams and loins processed in the
USA had PSE. In Denmark, pig breeding and
handling are closely monitored: PSE levels in
Denmark are at a level of about 2% (Barton-
Gade, 1989). (See Chapter 19.)

Marketing System Structure and Losses

The structure of the marketing system can pro-
vide either an incentive or a disincentive for
reduction of losses. The pork industry in both
Europe and the USA has used improvements in
genetics, handling and transport to reduce PSE.
Pigs marketed through a vertically integrated
system usually have less PSE because the farms
grow pigs to the customer’s specifications. They
insist on low PSE genetics and improve handling
and transport.

Small producers who grow organic cattle
are now part of an integrated chain. They con-
tract directly with the meat-buying customer
and no longer go through dealers and middle-
men. They have to grow their livestock to meet
the customer’s specifications. However, some
pigs and cattle in the USA are still sold on a live
weight basis, where the animals are paid for
prior to slaughter. Losses due to bruising, dark-
cutters, deaths and PSE are absorbed by the
slaughter plant.

A survey by Grandin (1981) indicated that
bruises on cattle were greatly reduced when
producers switched to a carcass-based selling
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system where bruise damage was deducted
from their payments. Supermarket audits in
Brazil — where transporters were held account-
able for bruising — reduced bruises on cattle
from 20% of all animals to 1.3%. When the fre-
quency of the audits was reduced, bruising rose
back to 9% (Paranhas de Costa, personal com-
munication, 2006).

Plants that charge a US$20 fine for non-
ambulatory downer pigs have fewer downers
than plants without a fining system in place.
Marketing systems that allow losses to be passed
on to the next buyer provide little incentive to
reduce losses. Segmented marketing systems
where cattle pass through one or more middle-
men, brokers or order buyers prior to reaching
their final destination still contribute to substan-
tial losses in both the USA and Mexico. This
problem will be greatly reduced when livestock
identification and source verification becomes
mandatory. DNA fingerprinting could also be
used to facilitate traceback of animals (Davis
et al., 2006).

Problems with fraud and tag counterfeiting
will need to be addressed, especially in local mar-
kets. The meat companies which are exporting to
premium markets will be motivated to self-
police because they will not want to lose their
customers, but local dealers who sell old breed-
ing animals will not have this incentive. To pre-
vent cheating, anti-fraud regulations will need
to be enforced. During a 30-year career, the
author has observed many unethical practices
by livestock dealers, but tampering with the
weighing scale seldom occurred because US
federal laws on scale tampering were enforced.
Penalties for transgression are severe.

Handling of pigs greatly improved when
the USA entered the Japanese export trade.
When slaughter plant managers watched a Jap-
anese grader reject up to 40% of their pork loins
due to PSE, a strong economic incentive was
created for the improvement of handling.
Observations in three different plants showed
that simple changes in handling procedures,
such as showering, reducing electric prod usage
and the resting of pigs, enabled 10% more pork
to be exported to Japan. Handling shortly prior
to stunning is critical. Stressful handling, use of
the electric goad and excitement immediately
prior to slaughter are all likely to increase levels
of PSE (D’Souza et al., 1999; Hambrecht et al.,

2005; Kuchenmeister et al., 2005; Verstegen and
Den Hartog, 2005).

Economic incentives for producers
and transporters

A cattle producer is not motivated to vaccinate
their calves unless they receive a premium
price. There are still many calves entering US
feedlots that have not been pre-weaned and
vaccinated at the ranch of origin. Only 47% of
ranchers had followed recommended guide-
lines on the weaning and vaccination of calves
45 days before they had left the ranch (Suther,
2006). This bad practice that causes increased
illness is gradually decreasing as more produc-
ers contract their calves to source-verified beef
programmes that require pre-weaned and
vaccinated calves.

Fortunately, progressive producer groups
are working together to produce truckload lots
of calves that have been pre-weaned and vacci-
nated 5 weeks prior to selling. These calves are
being sold at premium prices because buyers
know that they will be less likely to become ill,
and they also meet strict export requirements
for source verification. Powell (2003) and Troxel
et al. (2006) reported that cattle producers who
had sold preconditioned calves at a special pre-
conditioned calf sale made US$20 more per
calf. A total of 52,401 beef breed calves was
observed at 15 auctions in Arkansas (Troxel
etal., 2006).

Insurance payments for livestock transport
must be structured to motivate good practice. If
an insurance policy pays for all bruising and
deaths, a truck driver has little incentive to
reduce losses. Insurance policies should protect
a trucking company from a catastrophic loss,
such as tipping a truck over, but the policies
should not cover one or two dead pigs. People
handling livestock or poultry should never be
paid based on the number of animals that can
run through a race or the number of trucks they
can load. This will result in careless work and
increased injuries because it provides the wrong
incentive. Payment should always be based on
the quality of work.

Contracts for buying and selling livestock
should have built-in incentives to reduce losses.
The Australian sheep-shipping industry provides
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three examples of a lack of financial incentives
to reduce losses. In Australia, death losses on
sheep ships sailing to the Middle East average
1-2.5%, but can rise to 6% (Higgs, 1991; Higgs
et al., 1991). Grandin (1983) reported that
ships’ officers stated that very low death losses
of 0.47% were possible if sheep were carefully
acclimatized in assembly feedlots and prepared
prior to loading.

A contributing factor to high death losses is
contracts based on the number of live sheep
loaded instead of the number of live sheep
delivered at the destination (Grandin, 1983).
There was little economic incentive to prepare
sheep properly and train them to eat pelleted
feed prior to transport or to identify the groups
of sheep that were likely to have high death
losses. Some lines of sheep have very high
death losses and overall death losses could be
greatly reduced if susceptible sheep could be
identified (Norris et al., 1989a, b).

One of the main contributors to ovine
death is refusal to eat prior to loading (Norris
and Richards, 1989; Norris et al., 1989a, b;
Higgs et al., 1991). Death losses during loading
are very low, but death losses during unloading
may reach 20% (Norris et al., 1990). High dis-
charge death rates occur at ports which have
poor facilities and slow unloading, because it is
difficult to keep the sheep cool when the ship is
stationary. If the people receiving the sheep
were required to pay for shipboard losses, they
would be motivated to install better unloading
facilities. Sheep deaths have also increased
when oil prices are high, because ships sail at a
slower speed in order to save fuel (Gregory,
1992). This is an unfortunate example of an eco-
nomic incentive that has increased death losses.

Genetic and Production Problems

Overselection of animals for traits such as rapid
weight gain or increased milk production can
cause serious welfare problems in both livestock
and poultry. Increased selection for rapid growth
and a high percentage of lean meat has resulted
in weaker pigs, where more are susceptible to
death during transport (Grandin and Deesing,
1998). In poultry, selection for rapid growth has
led to increases in heart and metabolic problems

(Parkdel et al., 2005). Very lean pigs which have
the halothane stress gene will have higher death
losses. Murray and Johnson (1998) report that
death losses are 9.2% in homozygous-positive
pigs, 0.27% in carriers and 0.05% in homozy-
gous-negative pigs. Similar results based on
hundreds of truckloads were reported by
Holtcamp (2000). Death losses were 0.27% in
pigs that were carriers of the stress gene and
0.1% when the gene was removed.

Market pigs grown to very heavy slaughter
weights of 129 kg had death losses of 0.23% (Ritter
et al., 2005). Heavy pigs with weights over 130 kg
tended to have higher death losses compared
with lighter pigs (Rademacher and Davis, 2005).

The author has observed that lean hybrids
selected for rapid growth and heavy muscling
often have double and triple death losses when
grown to heavy weights. British pigs which are
slaughtered at lighter weights of 100 kg and
taken directly from the farm to the slaughter
plant have an average death loss of only
0.072% during transport and lairage (Warriss
and Brown, 1994). The best average death loss
percentage in a British slaughter plant was
0.045% (Warriss and Brown, 1994). In Denmark,
the average death loss during transport in pigs
free of the stress gene was 0.012% (Barton-
Gade et al., 2003). Instances of fatigued pigs
that become non-ambulatory without showing
symptoms of the porcine stress syndrome often
occur: one likely cause is the growing of pigs to
heavier and heavier weights.

Finishing pigs that weigh 120-130 kg are
common in North America. Rapidly grown heavy
pigs need space to lie down on a truck because
they are unable to stand as long as lighter pigs.
A survey of 42 truckloads of heavy pigs indi-
cated that overloading the truck could cause
death losses of >1% (Ritter et al., 2006a).
Another factor is selection for leanness: Durocs
selected for lean growth efficiency have signifi-
cantly higher lactate levels than non-selected
pigs from the same genetic lines (Lonergan
et al., 2001). High lactate levels are correlated
with fatigued downer pigs. Some genetic lines
free of the halothane gene may have greater
sensitivity to becoming fatigued (Marr et al.,
2004).

Another possible problem area is the use of
feed additives such as ractopamine. Feeding
too much of this beta-agonist can increase
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problems with fatigued downer pigs. A study
carried out by Marchant-Forde et al. (2003)
showed that pigs on ractopamine were more
difficult to drive and likely to become fatigued
and go down. The detrimental effect is dose
dependent. The author has observed a great
increase in fatigued non-ambulatory pigs at the
slaughter plants when producers were allowed to
feed high doses of this additive.

In fed feedlot beef, feeding at 200 mg/day
had a slight effect on handling in the squeeze
chute (Baszczak et al., 2006). A higher dose
may have a detrimental effect on behaviour.
Feedlot workers have reported that the additive
may increase respiration during hot weather
and increase heat stress: the effect appears to be
highly variable. Heavy, black-hided Angus-type
feedlot cattle are more prone to heat stress. Mader
et al. (2002) reported that black-hided Bos taurus
feedlot cattle panted more during hot weather
compared to light-coloured cattle. It is possible
that indiscriminate use of ractopamine might
increase heat-related death losses in these cattle.

Reduced Disease Resistance

There is evidence that selection for greater and
greater growth and yield in pigs has resulted in
decreased disease resistance (Meeker et al., 1987;
Rothschild, 1998). Continuous selection for greater
and greater yields of meat and milk provides
economic benefits in the short term, but it may
ultimately cause a disaster when an epidemic
occurs in high-producing animals with a weakened
immune system. In the USA, porcine respiratory
and reproductive syndrome (PRRS) became a
big problem for producers shortly after the intro-
duction of lean pigs that rapidly gained weight.
Australian chicken producers have reported
that disease problems increased when new lines
of rapidly growing chickens were introduced.
Halibur et al. (1998) reported that there were
genetic effects on the incidence of infection with
PRRS. A team of scientists at the University of
Nebraska and the USDA Agricultural Research
Service found that pigs selected for lean growth
were more susceptible to PRRS than pigs
selected for large litters (Johnson et al., 2005).
High-producing Holsteins in the dairy indus-
try have high percentages of lameness and poor

reproduction. Zwald et al. (2004a, b) reported
that data recorded on the farm could be used to
select against common health problems. The sit-
uation had become so severe that some dairies
crossed Holsteins with Jerseys and other dairy
breeds to produce more durable animals. The
author is concerned that in the future some of
the worst animal welfare and disease problems
may be caused by over-selection for a narrow
range of production traits.

Quality and quantity of meat are two oppos-
ing goals. Using either feed additives, hormones or
genetics to produce the biggest, fastest-growing
cattle or pigs will often reduce quality by reduc-
ing tenderness and juiciness. Other quality prob-
lems such as dark-cutting beef and PSE pork are
also likely to increase. This problem can be
avoided if customers pay for quality instead of
quantity. Providing the right financial incentives
is a major key for the improvement of both ani-
mal welfare and meat quality.

Conclusions

Audits by major meat-buying customers have
resulted in dramatic improvements in animal
handling and transport. The use of objective
numerical scoring of handling variables that can
be directly observed is more effective than the
examination of paperwork. Examples of the
handling variables that can be measured in cat-
tle and pigs are the percentages of animals that
fall, that vocalize and that are prodded with an
electric goad. Losses such as fatalities, bruising
and the numbers of downed, non-ambulatory
animals should also be measured. Other serious
welfare problems that can be easily measured
are lameness, emaciated body condition, heat
stress symptoms, dirty animals and neglected
health problems. In poultry, measuring the per-
centage of birds with either broken or dislocated
wings is an effective method for monitoring
handling during catching.

Incentive pay for animal handlers is another
powerful tool for the improvement of animal
handling. Bonuses based on animal performance
and low levels of either sickness or injuries moti-
vate people to handle animals carefully. Another
factor that will improve handling is the require-
ments of both meat-buying customers and
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international governments for identification and in a segmented marketing system where the
source verification. Holding people accountable  financial loss can be passed on to the next
for losses will reduce those. Losses are highest  buyer.
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Introduction

At every level of biological organization, be it
molecular, cellular, organismic, population or in-
terspecies, equilibrium patterns emerge. The con-
cept of evolutionary stable strategies in natural
populations is well accepted in biological circles.
Artificial selection, the foundation of livestock and
poultry breeding programmes, can disrupt these
patterns and can have major implications in
production systems. Accordingly, responses of
animals to their environments are easier to eval-
uate when viewed as aims and strategies for sur-
vival. Nature is dynamic, and maintenance of
variation within and between populations en-
hances their adaptation to environmental changes
and associated stressors. Thus, conservation of
genetic variation allows for ecological niches to
be filled, in both the short and long term.

In contrast to populations, the genome of
an individual remains constant (barring mutation)
throughout life. Factors influencing genetic vari-
ation of populations include selection, muta-
tion, migration and chance. Although some
individuals do not survive or reproduce and
there is unequal reproduction among those that
do, an individual’s aim is to pass its genes on
to subsequent generations. Those individuals
best adapted to the current environment seem
to have the greatest opportunity of accomplish-
ing this objective. Owners of livestock and poul-
try may prefer uniformity and high productivity

with no morbidity or mortality. These prefer-
ences, however, may be in conflict with the
maintenance of genetic variation in populations
and with allocation of resources by the animal
as it passes through various environments dur-
ing its life.

Genetic variation in animal populations
allows some individuals to survive and exploit
environmental changes, which results in differ-
ential reproduction. Therefore, within a popula-
tion there is a range of structural, biochemical,
behavioural and disease resistance factors that
are under varying degrees of genetic influence and
whose phenotypic (outward) expression may be
modified by the environment.

Performance in a cow—calf setting may dif-
fer from that in the feedlot. Over a period of
generations, genetic changes within the popula-
tion can result in an increasing frequency of
individuals that adapt to environmental changes.
These genetic changes may occur due to differ-
ences in husbandry practices influencing selec-
tion (e.g. Muir and Craig, 1998) and in variation
among individuals in resistance to diseases (e.g.
Sarkar, 1992).

Genetic factors also influence the alloca-
tion of an animal’s resources to its various com-
ponents. In response to environmental changes,
allocation of resources can also be altered by
the stress system. Although this chapter explores
relationships between stress and well-being of
animals with particular emphasis on studies of
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chickens, the results are also valid for other farm
animals (e.g. Broom, 1988). That is, the para-
digm is consistent across livestock and poultry,
with human intervention greater in poultry because
in most production systems parent—offspring
behaviour is not relevant.

How Animals Respond to Stress

Stress is a norm in social animals and our under-
standing of the stress system is based on that of
Selye (1950, 1976), where the major components
include the cerebrum, hypothalamus, pituitary,
adrenals, glucocorticoids and a cascading of res-
ponses as animals attempt to respond to stressors.
Glucocorticoids (cortisol and corticosterone) are
carried by the blood to all cells of the body,
where they enter the nucleus. They then regu-
late the translation of active genes of the cell
into mRNA, which migrates to the mitochondria
where encoded proteins are produced.

Understanding the stress system, however,
is elusive and suffers from confusion and contro-
versy. The stress response may be viewed as a
physiological mechanism that links the stressor
to a target organ, and target organ effects may
be positive or negative. Thus, stress per se may
or may not be damaging, and there can be posi-
tive aspects of stress (Zulkifli and Siegel, 1995;
Hangalapura, 2006). Zulkifli and Siegel (1995)
cite the Yerkes-Dodson law that relates degree
of stress and performance efficiency. This law
states that performance will be enhanced as
arousal increases, but only up to a certain point
or optimum level: exceeding the optimum leads
to inefficiency. This concept of ‘optimum stress’
is discussed throughout this chapter.

Stress occurs when an animal experiences
changes in the environment that stimulate body
responses aimed at re-establishing homeostatic
conditions (Mumma et al., 2006). Responses to
stressors can include anatomical, physiological
and/or behavioural changes. Models to study these
responses using continuous infusion of adreno-
corticotropin (Thaxton and Puvadolpirod, 2000)
or the feeding of corticosterone (Post et al.,
2003) have provided an index of the multitude
of these changes.

Another type of index involves developmen-
tal stability, in which comparisons are made of

the degree of asymmetry in bilaterally symmetrical
traits (Moller and Swaddle, 1997). Although there
is a voluminous literature on this topic, reports
using these criteria for measuring genetic (e.g.
Yang et al., 1997) and environmental stressors
(Yalcin et al., 2005) in livestock and poultry
remain sparse (e.g. Moller et al., 1995; Yang
et al., 1997; Yalcin et al., 2005). This dearth of
research is puzzling, because it allows for diagnostic
and retrospective analyses of stressors that may
have occurred during life.

Although normal values of various criteria
differ not only among livestock and poultry spe-
cies but also among stocks within classes of
livestock and poultry, the general patterns of re-
sponse are similar, with long-term responses result-
ing in an increase in size of the adrenal glands
and a reduction of lymphoid mass. After removal
of the stressor, the return to their prior size is
rapid (Gross et al., 1980). Animals differ in their
threshold of response to stressors and in the
degree of response once thresholds are reached
(Siegel et al., 1989). These differences were
observed in immunoresponsiveness, efficiency
of food utilization, growth, feathering and rela-
tive weights of liver, spleen, testes, breast mus-
cle and abdominal fat.

Blood plasma levels of cortisol and/or corti-
costerone are frequently used as criteria for mea-
suring responses to stressors. Because the utilization
of a given blood level of corticosterone differs
among individuals, it is sometimes difficult to
correlate blood levels of glucocorticoids with
other manifestations of a stressor (Panretto and
Vickery, 1972). Blood levels of the thyroid hor-
mone T3 have also been used as a measure-
ment of the stress response in calves (Friend
et al., 1985) and turkeys (Yahav, 1998). When
plasma corticosterone and thyroid hormones
were used to measure effects of long-term stress
of chickens under various housing conditions,
Gibson et al. (1986) concluded that results were
equivocal and that these hormones were not
especially useful measures for long-term stress.
However, cortisol and/or corticosterone are use-
ful measures of the response to acute, short-term
stress induced by handling or restraint. Also
involved in responses to hormones are differences
in receptors.

In response to stressors, plasma and tissue
levels of ascorbic acid may be reduced (Kechik
and Sykes, 1979), and it is not surprising that
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effects of ascorbic acid on stress responses have
been studied (e.g. Gross, 1988, 1992b). Alter-
natives to plasma T3 and glucocorticoid levels
as measures of stressors include various physi-
ological or immunological responses. The
number of blood lymphocytes decreases and
the number of polymorphs increases after a
stressful event (Maxwell and Robertson, 1998).
The difficulty of large, normal variation in the
numbers of leucocytes can be largely circum-
vented by the use of polymorph:lymphocyte
(P:L) ratios. Recent advances in technology
have allowed for increased use of changes in
endogenous opioids as measures of stress (e.g.
Sapolsky, 1992), including those in sows (Zanella
et al., 1998).

The stress system allows animals to allocate
resources based on their perception of the envi-
ronment as well as on direct physical insults
from the environment. An animal can be stressed
by any change in its internal and external envi-
ronments. Examples include: (i) rate of growth;
(ii) reproductive state; (iii) climate; (iv) unusual
sound or light; (v) social interactions; (vi) availabil-
ity of food and water; (vii) handling and moving;
(viii) injected materials such as killed bacteria
and some vaccines; and (ix) a disease already in
progress (e.g. Siegel, 1980; Freeman, 1987; Gross,
1995; Pierson et al., 1997; Zulkifli et al., 2006).

Profiles and criteria of responses may vary
with time (Mitchell and Kettlewell, 1998; Mumma
et al., 2006). For example, in chickens, expo-
sure to a short-term stressor such as a brief
sound resulted in changes in blood profiles
such as heterophil:lymphocyte (H:L) ratios within
18 h. The response peaked at about 20 h and
returned to normal in about 30 h (Gross,
1990b), whereas peak H:L ratios were observed
4 h after corticosterone administration (Gross,
1992a).

There may be considerable variation among
individuals in their perception of the stressful-
ness of an event, absorption of glucocorticoids
from the blood and response of tissues to gluco-
corticoids. Improved environmental quality influ-
ences these associations (Hester et al., 1996a, b)
and increases the correlation between the anti-
body titre responses of individuals to two differ-
ent red blood cell (RBC) antigens (Gross and
Siegel, 1990).

Levels of stress can also be estimated by
presence of diseases. When stress levels are too

high, viral diseases and other diseases that stim-
ulate a lymphoid response are more common
(Gross and Siegel, 1997). Cell-mediated
immunity is reduced, resulting in an increased
incidence of tumours and coccidiosis (Gross,
1972, 1976).

When levels of stress are too low, bacterial
and parasitic diseases are more common and
responses to some toxins are more severe (Brown
et al., 1986). At an ‘optimum stress’ level, incidence
to essentially all diseases is reduced. ‘Optimum
stress’, however, may vary among genetic
stocks and between individuals within a popula-
tion because of both differences in their back-
ground and prior experiences.

Resource Allocations

Resource allocations should convey the concept
that at any particular time resources available
to an individual are finite (Rauw et al., 1998).
Therefore, there will always be competition for
resources among body functions such as
growth, maintenance, reproduction and health.
Added to this mix are responses to stressors
which result in a redistribution of resources. A
hypothetical example of redistribution of res-
ources is seen in Fig. 2.1, where a comparison
between a stressed and a healthy (biologically
balanced) animal is presented. In this example,
a healthy animal has a reserve of 10% for the
maintenance of health and an equal division
of resources for growth, reproduction and
maintenance.

When it becomes stressed, however, resour-
ces allocated for growth and reproduction become
nil and there is a reduction in those available for
maintenance because resources have been
directed toward improvement of health status.
For redistribution of resources to occur it may
be essential in some cases that changes occur
quickly, while in other cases changes may be more
gradual. In addition, the magnitude of response
to a stressor may be influenced by the animal’s
perception not only of its current environment,
but also of how the current environment differs
from prior environments. Therefore, animals may
also acquire, allocate and redistribute resources
based on past history and their perceptions of
the environment.
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Fig. 2.1.  An example of the allocation of resources

within a healthy (top) and a stressed (bottom) animal.

The following is an example of resource
allocations (Gross and Siegel, 1997). Chickens
fed on alternate days exhibit greater resistance
to an Escherichia coli challenge than those fed
ad libitum. When subsequently allowed ad libitum
feeding, their rate of weight gain was greater and
their resistance to E. coli challenge was less than
that of those fed ad libitum. It is possible that the
restricted feed supply yielded a stress response
appropriate for conditions likely to include a bac-
terial or parasitic challenge. The chickens thus
allocated finite resources to defence instead of
growth. Adequate feeding then vielded a response
appropriate for conditions where a bacterial or
parasitic challenge was unlikely. At this point,
the need to regain a genetically desired body
weight had priority over maintaining a high level
of well-being defence. This example is not unlike

that seen with parasitic infections in growing
animals (Vanimisetti et al., 2004a, b).

Long-term Higher, Lower and
‘Optimum’ Stress

‘Optimum stress’ is a relative term and when we
write of higher, lower and optimum we do not
wish to imply that if a little stress can be benefi-
cial more is even better. The optimum will vary
with genetic stock, prior experience of the ani-
mals and the environment. In one experiment
with male chickens, Gross and Siegel (1981)
characterized environments as high, medium or
low social stress.

The low social stress environment con-
sisted of maintaining chickens in individual cages
with solid sides and wire fronts, floors and backs
with water and feed available continuously.
These chickens could hear but not see each
other. The high social stress environment con-
sisted of larger cages housing five males. Each
day, however, one individual per cage was moved
into another cage according to a plan that
reduced the possibility of contact with previous
individuals.

The medium social stress environment con-
sisted of caging nine males in a series of cages
throughout. When continuously exposed for
over 3 months to the high social stressor feed
consumption was not affected, whereas body
weight gain, feed efficiency and the correlation
between antibody titres and resistance to Myco-
plasma gallisepticum challenge infection were
reduced. Even though there was a reduction in
lymphoid mass, antibody responsiveness to RBCs
was not changed and H:L ratios ranged between
0.6 and 1.2. An H.L ratio above 1.3 usually
indicates a disease in progress.

When animals are exposed to stressful
environments then growth potential is reduced,
adaptability increases even though senses are
less acute, discrimination is improved and activ-
ity is increased. As an animal becomes better
adapted to a harsher environment, resources are
diverted from growth and reproduction to respond
to the stressor. Chickens exposed to the low social
stress environment became lethargic, exhibited
less preening and their vocalizations suggested
contentment. Initially, weight gain and feed
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efficiency were increased, but after 3 months Resistant Susceptible
in this environment feed consumption, growth MG HH| HL | LH | LL| antibody

rate and feed efficiency were greatly reduced.
Cockerels maintained in the medium social
stress environment maintained their body weight
throughout and had the best feed efficiency of
the three groups. Also, they had the highest
antibody titres to ovine red blood cell antigen.
Ranking of the three environments according
to the stress hormone corticosterone was
high > medium > low.

At low levels of environmental stress, phe-
notypic variability was reduced and the chick-
ens became unusually susceptible to bacterial
infection (Larsen et al., 1985), demonstrating
the need for some stress (stimulation) in order to
maintain more efficient biochemical activity.
Because greater or lesser levels of stress seem to
be detrimental, the aim of good husbandry
should be to provide an ‘optimum stress’ level.
It is probable that the optimum may vary
according to genetic stock and prior experience.
Reviews of this topic have been provided by
Jones (1987), Zulkifli and Siegel (1995) and
Gross and Siegel (1997).

Environmental Stress and
Disease Defence

Activation of an animal’s defences against dis-
ease requires that resources be diverted from
growth and reproduction. The stress system allows
animals to maintain disease defence at a level
commensurate with the risk. When at a low
population density, chances of an animal encoun-
tering infective levels of bacteria or parasites are
reduced, and the need for a phagocytic defence
against them is reduced.

As population densities increase, the proba-
bility of encountering pathogenic concentrations
of bacteria and parasites in the environment also
increases. Higher levels of stress enhance defence
against bacteria and parasites; however, there is
a cost in growth and reproduction. As stress
(glucocorticoid) levels increase, levels of super-
oxide radical in polymorphs increase which, in
turn, enhance the ability to destroy bacteria
(Som et al., 1983). In contrast, low-stress envi-
ronments increase susceptibility to opportunistic
bacteria such as coliforms, faecal streptococci

EC HL| HH | LL |LH
SV LH| LL | HH | HL
BT LL | HL | LH |HH

heterophil

T-lymphocyte

macrophage

Fig. 2.2. Some results comparing pathogens,
parental lines (HH and LL) and their reciprocal
crosses (HL and LH). MG, Mycoplasma
gallisepticum; EC, Escherichia coli; SV, splenomeglia
virus; BT, Bacterium tuberculosis.

and staphylococci (Larsen et al., 1985; Siegel
et al., 1987) and to internal and external para-
sites such as mites and coccidia (Hall et al., 1979).

In higher-stress environments, numbers of
chickens susceptible to viral infections and
tumours increased (Mohamed and Hanson,
1980; Thompson et al., 1980). In an ‘optimal
stress’ environment chickens are not highly sus-
ceptible to bacteria, parasites, viruses or tumours.
Once again we emphasize that optimum is a rel-
ative term that will vary from flock to flock and
herd to herd.

For those interested in further detail, exam-
ples from experiments conducted in our labora-
tory are provided in a summary review (Gross
and Siegel, 1997). We would be remiss in not
pointing out the conundrum: where there is
resistance, the mode of resistance can be an
asset in one situation and a liability in another.
We compared parental lines and their crosses to
four pathogens where the primary body defence
differed (Gross et al., 2002). The results showed
four different scenarios (see Fig. 2.2) where the
combination most resistant to MG was least
resistant to TB, and vice versa. The most resis-
tant to E. coli was least resistant to splenomeglia
virus and vice versa.

Modifying the Stress Response

Within a population, individuals may differ genet-
ically in their perception of stressors, resulting in
considerable variation in the response to the
same stressor. Because responses of individuals
to different stressors also vary (see Fig. 2.3), it is
possible through artificial selection to develop
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Stress level

High Optimal Lower Socialized
Feed efficiency J, T \L T
Body weight J, — \L T
Adaptability T &~ \L T
Genetic selection \L T \L T
Antibody response \L &~ T T
CMI sensitization T — \L
CMI manifestation J, &~ T
Bacterial defence T &~ \L T
Viral defence J, &~ T T
H:L ratio 0.8 0.5 0.2 Variable
xl/ Inferior response
T Superior response
< Implies expression of genetic potential may vary

Fig. 2.3. A general summary of expected responses to levels of stress and to socialization. CMI,

cell-mediated immunity.

populations which have reduced or increased
responses to specific stressors (Gross and Siegel,
1985; Faure and Mills, 1998; Jones et al., 2005).
This is not unlike what has occurred via natural
selection in indigenous livestock and poultry
populations.

When animals are repeatedly exposed to
the same stressor and the magnitude of each
succeeding response is reduced, it can be said
that habituation has occurred. Habituation may
involve memory and/or physiological manifes-
tations (Siegel, 1989). Prior exposure of young
chickens to acute thermal stressors appears to

improve heat tolerance later in life. This precon-
ditioning does not have to be instigated by the
same stressor, but one requirement is the syn-
thesis and liberation of glucocorticoids (Zulkifli
and Siegel, 1995; Zulkifli et al., 1995). These
findings are consistent with in vitro and in vivo
studies suggesting that macrophages respond to
thermal and non-thermal stressors by producing
similar kinds of ‘stress proteins’ (Miller and
Qureshi, 1992).

Effects of stress may be alleviated by
chemicals that inhibit the production of adrenal
glucocorticoids. One such chemical is ascorbic acid
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(Gross et al., 1988b; Gross, 1992b). Others are
adrenal-blocking chemicals such as metyrapone
(Zulkifli et al., 1995) and 1,1-dichloro-2,2bis/
p-chlorophenyl/ethane (Gross, 1990a). After
the administration of an optimal dose of such
compounds, the physiological manifestations of
stress are reduced. Examples include weight
loss associated with transportation, inhibition of
viral infections and tumours, increased feed
efficiency, reduced effects of heat stress and reduc-
tion in the stress inhibition of antibody responsive-
ness (Gross, 1989, 1990a).

Human-Animal Relationships

Relationships between animals and their han-
dlers can greatly affect responses of those ani-
mals to a range of factors and it is not surprising
that the roles of stockpersons and veterinarians
have been much studied in numerous livestock
and poultry species (e.g. Hemsworth and Barnett,
1987; Gross and Siegel, 1997; Hemsworth and
Gonyou, 1997; Odendaal, 1998; Sambraus,
1998). Socialized animals welcome the pres-
ence of their handlers. The process of socializa-
tion may be accomplished by frequent
exposure to kind care and handling, beginning
at the earliest possible age.

Long-term effects of the human-animal
relationship (Jones, 1987; Barnett et al., 1992),
coupled with background genotype and prior
experiences, influence subsequent responses to
various situations (e.g. Gross and Siegel, 1981,
1982; Nicol, 1992). Positive socialization with
humans can result in animals approaching care-
takers. Negative socialization can result in escape
behaviours, and ignored individuals exhibit fear
when exposed to humans.

Although gentle handling may exert its
strongest influence by facilitating habituation to
humans (Jones and Waddington, 1992), feed
efficiencies, body weights and antibody responses
to RBC antigens are higher for positively social-
ized chickens than those held under similar
environments and ignored. Responses to stressors
and to the administration of corticosterone are
greatly reduced (Gross and Siegel, 1982) and resis-
tance to most diseases is enhanced in socialized
chickens. Both the stressfulness of the environ-
ment and socialization influence the responses
of chickens (see Fig. 2.3). Socialized chickens,

which are in an ‘optimal stress’ environment, seem
to exhibit the most favourable responses.

Genetic Factors
Interactions with the environment

The response of an animal to environmental
factors is determined by its genetic background,
as modified by prior environmental experiences.
The first week after birth on the human-animal
relationship can be very important. Although the
expression of traits may differ between stocks, in
an environment where stress is optimal genetic
differences may be more evident because expo-
sure to environmental stressors may modify
genetic influences on expression of traits (Gross
et al., 1988a).

Genotype—environment interactions occur
when, relative to each other, a series of genotypes
do not respond similarly in a series of environ-
ments. An example of this was discussed previ-
ously and is shown in Fig. 2.2. Numerous reports
appeared in the 1970s demonstrating behav-
ioural involvement with genotype—environment
interactions. Implications of these interactions can
be considerable when viewed in the context of
well-being (e.g. Mathur and Horst, 1994).

In experiments measuring production and
disease resistance in lines of chickens selected
for high- or low-corticosterone response to social
strife, extreme divergence of responses were
observed between the high line in a higher
social strife environment and the low line in a
lower social strife environment (Siegel, 1989).
The low-low combination was more susceptible
to infections from endemic bacteria and exter-
nal parasites, and the high-high combination to
viral infections (Gross and Siegel, 1997). Whether
or not an extreme response was advantageous
depended upon the measurement criteria. These
data are consistent with the view that overall
well-being may be at an optimal level when the
animal is neither under- nor over-stressed (Zulkifli
and Siegel, 1995).

Relationship with well-being

Many components are involved in the develop-
ment of an animal’s well-being. One is adequate
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food and water; another is protection from envi-
ronmental insults such as adverse weather.
Protection from pathogenic organisms and pred-
ators is also important. Stable social (between
animals) and physical environments are valuable
and contribute to an optimum stress level. These
needs are met by good husbandry, which is
rewarded by increased productivity and more
uniform responses to experimental procedures.

Summary

Although many of the examples in this chapter
have come from research conducted with the
chicken, our experimental animal, the implica-
tions are relevant to all forms of livestock and
poultry that are husbanded in flocks and herds.
In our opinion, the most important factor affect-
ing the well-being of livestock and poultry is
their relationship with their human associates.
Kind care (socialization) has many well-being and

production benefits. Socialized animals are eas-
ier to work with, have enhanced productivity,
are more adaptable to adverse environments, are
more resistant to diseases and produce better
immunity. These factors make genetic selection
easier. The responses of individuals within groups
are more uniform, thus reducing the number of
animals needed for research. Socialization can
be easily applied to large groups of animals.

All people who work with animals should
be aware of physical, nutritional and behav-
ioural needs and should be able to relate posi-
tively to the feelings of the animals. The attitude
of handlers is an essential factor in determina-
tion of that level of stress which enhances the
animal’s well-being.
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Introduction

The handling, loading, transporting and unload-
ing of animals can have very substantial effects
on their welfare. The welfare of an individual
can be defined as its state with regard to its
attempts to cope with its environment (Broom,
1986) and includes both the extent of failure to
cope and the ease or difficulty in coping. Health
is an important part of welfare, whilst feelings
such as pain, fear and various forms of pleasure
are components of the mechanisms for attempt-
ing to cope, and so should be evaluated where
possible in welfare assessment (Broom, 1998,
2001b, 2006).

Where an individual is failing to cope with
a problem, it is said to be stressed. Stress is an envi-
ronmental effect on an individual which over-
taxes its control systems and reduces its fitness
or appears likely to do so (Broom and Johnson,
2000). If the effect of the environment is just stim-
ulation, useful experience or an adrenal cortex
response which has no adverse consequences,
the individual is not stressed. Animal protection
is a human activity which is directed towards
the prevention of poor welfare in the animals.
All stress involves poor welfare but there can be
poor welfare without stress because there are no
long-term consequences — for example, tempo-
rary pain or distress. All of these issues are dis-
cussed further in several papers in Broom
(2001a).

In this chapter the factors which may result
in stress during transport are first introduced. The
methodology for assessment of the welfare of the
animals during handling and transport is then
explained. Finally, some of the various factors
that affect the likelihood of stress are discussed,
with examples from work on cattle and sheep.

Factors that may Result in Stress during
Animal Handling and Transport

People are sometimes cruel to one another but
generally believe that other people are aware
and sentient so are likely to feel some guilt if
they have been cruel. Non-human animals are
regarded as aware and sentient by some people
but as objects valued only according to their use
by others. Hence there is a wide range of atti-
tudes to animals, and these have major conse-
quences for animal welfare.

During handling and transport, these atti-
tudes may result in one person causing high lev-
els of stress in the animals whilst another person
doing the same job may cause little or no stress.
People may hit animals and cause substantial
pain and injury because of selfish financial con-
siderations, because they do not consider that
the animals are subject to pain and stress or
because of lack of knowledge about animals and
their welfare. Training of staff can substantially
alter attitudes to, and treatment of, all animals.
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Laws can have a significant effect on the ways
in which people manage animals. Within the
European Union (EU), the Council Regulation
(EC) No 1/2005 ‘On the protection of animals
during transport and related operations’ takes
up some of the recommendations of two sepa-
rate reports: (i) the EU Scientific Committee on
Animal Health and Animal Welfare Report The
Welfare of Animals during Transport (Details for
Horses, Pigs, Sheep and Cattle) (March 2002);
and (ii) the European Food Safety Authority
Report on the Welfare of Animals during Trans-
port (2004), which deals with the other species.
Laws have effects on animal welfare provided
that they are enforced, and the mechanisms for
enforcement within EU Member States are the
subject of current discussion (2006).

Codes of practice can also have significant
effects on animal welfare during transport. The
most effective of these, sometimes just as effec-
tive as legislation, are retailer codes of practice,
since retail companies need to protect their rep-
utation by enforcing adherence to their codes
(Broom, 2002).

Some animals are much better able to
withstand the range of environmental impacts
associated with handling and transport than are
others. This may be because of genetic differ-
ences associated with the breed of the animal or
with selection for production characteristics.
Differences between individuals with regard to
coping ability also depend on housing condi-
tions and with the extent and nature of contact
with humans and conspecifics during rearing.

Since physical conditions within vehicles
during transport can affect the extent of stress in
animals, the selection of an appropriate vehicle
for transport is important in relation to animal
welfare. Similarly, the design of loading and
unloading facilities is of great importance. The
person who designs the vehicle and facilities has
a substantial influence, as does the person who
decides which vehicle or equipment to use.

Before a journey starts, there must be deci-
sions about the stocking density, grouping and
distribution of animals on the vehicle. If there is
withdrawal of food from those animals to be
transported, this can affect welfare. For all spe-
cies, tying of animals on a moving vehicle can
lead to major problems, and for cattle and pigs
any mixing of animals can result in very poor
welfare.

The behaviour of drivers towards animals
whilst loading and unloading and the way in
which people drive vehicles are affected by the
method of payment. If personnel are paid more
for loading or driving quickly welfare standards
will be worse, so such methods of payment should
not be permitted. Payment of handling and
transport staff at a higher rate for ensuring that
the incidences of injury and poor meat quality
are low improves welfare. Insurance against bad
practice resulting in injury or poor meat quality
should not be permitted.

All of the factors mentioned so far should
be taken into account in the procedure of plan-
ning for transport. Planning should also take
account of temperature, humidity and the risks of
disease transmission. Disease is a major cause of
poor welfare in transported animals. Planning
of routes should take account of the needs of
the animals for rest, food and water. Drivers or
other persons responsible should have plans for
emergencies, including a series of emergency
contact numbers for obtaining veterinary assis-
tance in the event of injury, disease or other
welfare problems during a journey.

The methods used during handling, load-
ing and unloading can have a major effect on
animal welfare. The quality of driving can result
in poor levels of welfare because of the animals’
difficulty in maintaining balance, motion sickness,
injury, etc. The ambient conditions — such as
temperature and humidity — may change during
a journey and require action on the part of the
person responsible for the animals. A journey of
long duration will have a much greater risk of poor
welfare, and some situations inevitably lead to
problems. Hence, good monitoring of the animals
with inspections of adequate frequency — and in
conditions that allow thorough inspection — are
important.

Assessment of Welfare

A variety of welfare indicators that can be used
to assess the welfare of animals being handled
or transported are listed below. Some of these
assessments are of short-term effects whilst oth-
ers are more relevant to prolonged problems.
With regard to animals being transported to
slaughter, it is mainly the assessment of short-term
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effects such as behavioural aversion or increased
heart rate that is used, but some animals are
kept for a long period after transport and assess-
ments such as increased disease incidence or
suppression of normal development give infor-
mation about the effects of the journey on
welfare.

Assessments of welfare standards may incor-
porate the following (from Broom, 2000):

Physiological indicators of pleasure.
Behavioural indicators of pleasure.
Extent to which strongly preferred behav-
iours can be shown.
e Variety of normal behaviours shown or
suppressed.
e  Extent to which normal physiological pro-
cesses and anatomical development are
possible.
Extent of behavioural aversion shown.
Physiological attempts at coping.
Immunosuppression.
Disease prevalence.
Behavioural attempts at coping.
Behaviour pathology.
Brain changes, e.g. those indicating self-
narcotization.
Body damage prevalence.
Reduced ability to grow or breed.
Reduced life expectancy.

Details of these and other measures may
be found in Broom (1998), Fraser and Broom
(1997) and Broom and Johnson (2000).

Behavioural assessment

Changes in behaviour are obvious indicators
that an animal is having difficulty coping with
handling or transport, and some of these help to
show which aspect of the situation is aversive.
The animal may stop moving forward, freeze,
back off, run away or vocalize. The occurrence
of each of these can be quantified in compari-
sons of responses to different races, loading
ramps, etc. Examples of behavioural responses —
such as cattle stopping when they encounter
dark areas or sharp shadows in a race and pigs
freezing when hit or subjected to other disturb-
ing situations — may be found in Grandin (1980,
1982, 1989, 2000).

Behavioural responses are often demon-
strated during painful or otherwise unpleasant
situations. Their nature and extent vary from one
species to another according to the selection pres-
sures that have acted during the evolution of the
mechanisms controlling behaviour. Human
approach and contact may elicit anti-predator
behaviour in farm animals. However, with experi-
ence of handling, these responses can be greatly
reduced in cattle (Le Neindre et al., 1996).

Social species that can collaborate in
defence against predators, such as pigs or man,
vocalize a lot when caught or hurt. Species which
are unlikely to be able to defend themselves,
such as sheep, vocalize far less when caught by
a predator, probably because such an extreme
response merely gives information to the preda-
tor that the animal attacked is severely injured
and hence unlikely to be able to escape.

Cattle can also be relatively undemonstra-
tive when hurt or severely disturbed. Human
observers sometimes wrongly assume that an
animal which is not squealing is not hurt or dis-
turbed by what is being done to it. In some
cases, the animal is showing a freezing response
and, in most cases, physiological measures must
be used to find out the overall response of the
animal.

Within species, individual animals may vary
in their responses to potential stressors. The cop-
ing strategy adopted by the animal can have an
effect on responses to the transport and lairage
situation. For example, Geverink et al. (1998)
showed that those pigs that were most aggres-
sive in their home pen were also more likely to
fight during pre-transport or pre-slaughter han-
dling, but pigs driven for some distance prior to
transport were less likely to fight and hence cause
skin damage during and after transport. This fact
can be used to design a test that reveals whether
or not animals are likely to be severely affected by
the transport situation (Lambooij et al., 1995).

The procedures of loading and unloading
animals into and out of transport vehicles can
have very severe effects on animals, and these
effects are revealed in part by behavioural re-
sponses. Species vary considerably in their
responses to loading procedures. Any animal
which is injured or frightened by humans during
the procedure can show extreme responses.
However, in most efficient loading procedures,
sheep are not greatly affected and cattle are
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only sometimes affected. Broom et al. (1996)
and Parrott et al. (1998b) showed that sheep
show largely physiological responses and these
are associated with the novel situation encoun-
tered in the vehicle rather than with the loading
procedure.

Once a journey starts, some species of farm
animals explore the compartment in which they
are placed and try to find a suitable place to sit
or lie down. Sheep and cattle try to lie down if
the situation is not disturbing, but stand if it is.
After a period of acclimatization of sheep and
cattle to the vehicle environment, during which
time sheep may stand for 2-4 h looking around
at intervals and cattle may stand for rather lon-
ger, most animals will lie down if the opportu-
nity arises. Unfortunately for the animals, many
journeys involve so many lateral movements or
sudden brakings or accelerations that they can-
not lie down.

One important behavioural measure of wel-
fare when animals are transported is the amount
of fighting which they show. When male adult
cattle are mixed during transport or in lairage they
may fight, and this behaviour can be recorded
directly (Kenny and Tarrant, 1987). Calves of
6 months of age may also fight (Trunkfield and
Broom, 1991). The recording of such behaviour
should include the occurrence of threats, as well
as the contact behaviours that might cause injury.

One further, valuable, method of using
behavioural studies in the assessment of farm
animal welfare during handling and transport
involves using the fact that the animals remember
aversive situations in experimentally repeated
exposures to such situations. Any stockkeeper
will be familiar with the animal that refuses to go
into a crush after having received painful treat-
ment there in the past, or hesitates about pass-
ing a place where a frightening event such as a
dog threat has previously occurred once.

These observations give us information about
both the past and present welfare of the animal.
If the animal tries not to return to a place where
it previously had an experience, then that expe-
rience was clearly aversive. The greater the
reluctance of the animal to return, the greater
the previous aversion must have been.

This principle has been used by Rushen
(19864, b) in studies with sheep. Sheep that
had been driven down a race to a point where
gentle handling occurred traversed the race as

rapidly or more rapidly on a subsequent day.
Sheep that had been subjected to shearing at
the end of the race on the first day were harder
to drive down the race subsequently, and those
subjected to electro-immobilization at the end of
the race were very difficult to drive down the
race on later occasions. Hence, the degree of
difficulty in driving and the delay before the
sheep could be driven down the race are both
measures of the current fearfulness of the sheep,
and this in turn reflects the aversiveness of the
treatment when it was first experienced.

Some behavioural measures are clear indi-
cators that there will be a long-term effect on the
animal which will harm it, so these indicate stress.
Other behavioural measures provide evidence
of good or poor welfare but not necessarily of
stress.

Physiological assessment

The physiological responses of animals to adverse
conditions — such as those which they may
encounter during handling and transport — will
be affected by the anatomical and physiological
constitution of the animal, as mentioned below.
Some physiological assessment criteria are detailed
in Table 3.1.

Whenever physiological measurement is to
be interpreted, it is important to ascertain the
basal level for that measure and how it fluctuates
over time (Broom, 2000). For example, plasma
cortisol levels in most species vary during the
day, tending to be higher before than after mid-
day. A decision must be taken for each measure
concerning whether the information required is
the difference from baseline or the absolute value.
For small effects, e.g. a 10% increase in heart
rate, the difference from baseline is the key value
to use. With regard to major effects where the
response reaches the maximal possible level —
for example, cortisol in plasma during very
frightening circumstances — the absolute value
should be used.

In order to explain this, consider an animal
severely frightened during the morning and show-
ing an increase from a rather high baseline of
160 nmol/l but in the afternoon showing the
same maximal response, which is 200 nmol/l
above the lower afternoon baseline. It is the
actual value that is important here rather than a
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Table 3.1. Commonly used physiological indica-
tors of poor welfare during transport (modified
after Knowles and Warriss, 2000).

Stressor Physiological variable

Measured in blood or other body fluids
Food deprivation T FFA, T B-OHB,
d glucose, T urea

T Osmolality, T total
protein, T albumin,
T PCV

T CK, T lactate
T Cortisol, T PCV
T Vasopressin

Dehydration

Physical exertion
Fear, lack of control
Motion sickness
Measured otherwise

Fear, physical effects T Heart rate, T heart rate

variability, T respiration
rate

Body temperature, skin
temperature

Hypo-/hyperthermia

FFA, free fatty acids; p-OHB, B-hydroxybutyrate;
PCV, packed cell volume; CK, creatine kinase.

difference whose variation depends on base-
line fluctuations. In many studies, the value
obtained after the treatment studied can use-
fully be compared with the maximum possible
response for that measure. A very frightened
animal may show the highest response of which
it is capable.

Some of the parameters useful in the assess-
ment of stress will now be described.

Heart rate

Heart rate can decrease when animals are
frightened but, in most farm animal studies,
tachycardia — increased heart rate — has been
found to be associated with disturbing situations.
Heart rate increase is not just a consequence of
increased activity: heart rate can be increased
in preparation for an expected future flight
response. Baldock and Sibly (1990) obtained
basal levels for heart rate during a variety of
activities by sheep and then took account of
these when calculating responses to various
treatments. Social isolation caused a substantial
response, but the greatest heart rate increase
occurred when the sheep were approached by a
man with a dog. The responses to handling and
transport are clearly much lower if the sheep

have previously been accustomed to human
handling.

Heart rate is a useful measure of welfare,
but only for short-term problems such as those
encountered by animals during handling, load-
ing on to vehicles and certain acute effects dur-
ing the transport procedure itself. However,
some adverse conditions may lead to an ele-
vated heart rate for quite long periods. Parrott
et al. (1998a) showed that heart rate increased
from about 100 to about 160 beats/min when
sheep were loaded on to a vehicle, and the
period of elevation of heart rate was at least
15 min. During transport of sheep, heart rate
remained elevated for at least 9 h (Parrott et al.,
1998b). Heart rate variability has also been
found to be a useful welfare indicator in cattle
and other species (van Ravenswaaij et al.,
1993).

Respiratory rate

Observation of animals can provide information
about physiological processes without any attach-
ment of recording instruments or sampling of body
fluids. Breathing rate can be observed directly
or from good-quality video recordings. The met-
abolic rate and level of muscular activity are
major determinants of breathing rate, but an
individual animal that is disturbed by events in
its environment may suddenly start to breathe
more rapidly.

Other directly observable responses

Muscle tremor can be directly observed and is
sometimes associated with fear. Foaming at the
mouth can have a variety of causes, so care is
needed in interpreting the observations, but its
occurrence may provide some information about
welfare.

Hormones and metabolites

ADRENAL MEDULLARY HORMONES.  Changes in
the adrenal medullary hormones adrenaline
(epinephrine) and noradrenaline (norepine-
phrine) occur very rapidly, and measurements
of these hormones have not been much used in
the assessment of welfare during transport.
However, Parrott et al. (1998a) found that both
hormones increased more during loading of
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sheep by means of a ramp than when loading
with a lift.

ADRENAL CORTICAL HORMONES.  Adrenal cortical
changes occur in most of the situations which
lead to aversion behaviour or increased heart rate,
but the effects take a few minutes to become
evident and last for 15-120 min, or a little lon-
ger. An example comes from work on calves
(Kent and Ewbank, 1986; Trunkfield and Broom,
1990; Trunkfield et al., 1991). Plasma or saliva
glucocorticoid levels gave information about
treatments lasting up to 2 h, but were less useful
for journeys lasting longer than this.

Saliva cortisol measurement is useful in
cattle, sheep and pigs (Bradshaw et al., 1996a).
In the plasma, most cortisol is bound to protein
but it is the free cortisol that acts in the body.
Hormones such as testosterone and cortisol can
enter the saliva by diffusion in salivary gland cells.
The rate of diffusion is high enough to maintain
an equilibrium between the free cortisol in plasma
and in saliva. The level is ten or more times
lower in saliva, but stimuli that cause plasma
cortisol increases also cause comparable sali-
vary cortisol increases in humans (Riad-Fahmy
et al., 1982), sheep (Fell et al., 1985), pigs
(Parrott et al., 1989) and in some other species.

The injection of pilocarpine and sucking of
citric acid crystals, which stimulate salivation, have
no effect on the salivary cortisol concentration.
However, any rise in salivary cortisol levels fol-
lowing some stimuli is delayed by a few minutes
as compared with the comparable rise in plasma
cortisol concentration.

Animals demonstrating substantial adrenal
cortical responses during handling and transport
also show increased body temperature (Trunkfield
et al., 1991). This increase is usually of the order
of about 1°C, but the actual level at the end of
the journey will depend upon the extent to which
any adaptation of the initial response has occurred.
Body temperature can be recorded in transit by
implanted or superficially attached monitors linked
directly or telemetrically to a data storage system.

Parrott et al. (1999) described deep body
temperature in eight sheep. When the animals
were loaded on to a vehicle and transported for
2.5 h body temperature increased by about 1°C,
and in males was elevated by 0.5°C for several
hours. Exercise for 30 min resulted in a 2°C in-
crease in core body temperature, which returned

rapidly to baseline after exercise. It would seem
that prolonged increases in body temperature
are an indicator of poor standards of welfare.

PITUITARY HORMONES. The measurement of
oxytocin has not been of particular value in ani-
mal transport studies (e.g. Hall et al., 1998b).
However, plasma 3-endorphin levels have been
shown to increase during loading (Bradshaw
et al., 1996b). The release of corticotrophin-
releasing hormone (CRH) in the hypothalamus
is followed by release of pro-opiomelanocortin
(POMC) in the anterior pituitary, which quickly
breaks down into different components — including
adrenocorticotrophic hormone (ACTH), which
travels in the blood to the adrenal cortex, and
beta-endorphin.

A rise in plasma B-endorphin often accom-
panies ACTH increases in plasma but it is
not yet clear what its function is. Although
B-endorphin can have analgesic effects via
mu-receptors in the brain, this peptide hormone
is also involved in the regulation of various
reproductive hormones. Measurement of f-
endorphin levels in blood is useful as a back-up
for ACTH or cortisol measurement.

Metabolites

Creatine kinase is released into the blood when
there has been muscle damage, e.g. bruising, or
vigorous exercise. It is clear that some kinds of
damage affecting welfare result in creatine kinase
release, so this can be used in conjunction with
other indicators as a welfare measure. Lactate
dehydrogenase (LDH) also increases in the blood
after muscle tissue damage, but increases can
occur in animals whose muscles are not dam-
aged. Deer that are very frightened by capture
show large LDH increases (Jones and Price,
1992). The isoenzyme of LDH, which occurs in
striated muscle (LDH5), leaks into the blood
when animals are very disturbed, so the ratio of
LDHS to total LDH is of particular interest.

On long journeys, animals will have been
unable to drink for much longer than the normal
interval. This lack of control over interactions with
the environment may be disturbing to the ani-
mals and there are also likely to be physiological
consequences. The most obvious and straight-
forward way to assess this is to measure the
osmolality of the blood (Broom et al., 1996).
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When food reserves are used up there are vari-
ous changes evident in the metabolites present
in the blood. Several of these — for example
beta-hydroxy butyrate — can be measured and
indicate the extent to which the food reserve
depletion is serious for the animal.

Plasma studies in chickens reared for meat
production deprived of food for 10 h prior to
3 h of transport, when compared with those in
non-deprived birds, showed higher thyroxine
and lower tri-iodothyronine, triglyceride, glucose
and lactate concentrations, indicating negative
energy balance and poor welfare (Nijdam et al.,
2004).

Another measure that gives information
about the significance for the animal of food
deprivation is the time interval since the previ-
ous meal. Most farm animals are accustomed to
feeding at regular times and if feeding is pre-
vented, especially when high rates of metabo-
lism occur during journeys, the animals will be
disturbed by this. Behavioural responses when
allowed to eat or drink (e.g. Hall et al., 1997)
also give important information about problems
of deprivation.

Haematocyte measures

The haematocrit (percentage of red blood cells
in blood) is altered when animals are trans-
ported. If animals encounter a problem, such as
might occur when they are handled or transported,
there can be a release of blood cells from the
spleen and therefore a higher haematocrit (Parrott
et al., 1998b). More prolonged problems, how-
ever, are likely to result in a reduced haema-
tocrit (Broom et al., 1996).

Increased adrenal cortical activity can lead
to immunosuppression. One or two studies in
which transport affected T-cell function were
reviewed by Kelley (1985), but such measure-
ments are likely to be of most use in the assess-
ment of more long-term welfare problems. The
ability of the animal to react effectively to anti-
gen challenge will depend upon the numbers of
lymphocytes and the activity and efficiency of
these lymphocytes.

Measurements of the ratios of various white
blood cells — for example the heterophil:lympho-
cyte ratio — are affected by a variety of factors,
but some kinds of restraint seem to affect the ratio
consistently and so can provide some information

about welfare. Studies of T-cell activity — e.g.
in vitro mitogen-stimulated cell proliferation — give
information about the extent of immunosup-
pression resulting from the particular treatment.
If the immune system is working less efficiently
because of handling/transport treatment, the ani-
mal is coping less well with its environment and
the welfare is poorer than in an animal that is
not immunosuppressed.

Examples of the immunosuppressive effect
of transport are: (i) the reduction in four differ-
ent lymphocyte subpopulations after 24 h of
transport in horses (Stull et al., 2004); and (ii)
the reduction in phytohaemagglutinin-stimulated
lymphocyte proliferation in Bos indicus steers
during the 6 days after they had been trans-
ported for 72 h (Stanger et al., 2005).

As with behavioural measures, some physi-
ological measures are good predictors of an ear-
lier death or of reduced ability to breed, whilst
others are not measures of stress because the
effect will be brief or slight.

Carcass and mortality assessment

Measures of body damage, of a major disease
condition or of increased mortality are indicators
of long-term adverse effects — and hence stress.
However, a slight bruise or cut will result in some
degree of poor welfare but not necessarily stress,
as the effect may be very brief. Death during
handling and transport is usually preceded by a
period of poor welfare. Mortality records during
journeys are often the only records giving infor-
mation about welfare during the journey, and
the severity of the problems for the animals are
often only too clear from such records.

Amongst extreme injuries during transport
are broken bones. These are rare in the larger
animals, but poor loading or unloading facilities
and cruel or poorly trained staff who are attempt-
ing to move the animals may cause severe inju-
ries. It is the laying hen, however, which is most
likely to have bones broken during transit from
housing conditions to point of slaughter (Gregory
and Wilkins, 1989), especially if the birds have
previously had insufficient exercise in a battery
cage (Knowles and Broom, 1990).

Bruising, scratches and other superficial
blemishes can be scored in a precise way and,
when carcasses are downgraded for these reasons,
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those in charge of the animals can reasonably
be criticized for not making sufficient efforts to
prevent poor welfare. There is a cost of such
blemishes to the industry, as well as to the ani-
mals. This cost, in monetary and animal welfare
terms, of dark firm dry (DFD) and pale soft
exudative (PSE) meat is huge.

DFD meat is associated with fighting in cat-
tle and pigs, but it may also be evidenced in cat-
tle that have been threatened but not directly
involved in fighting (Tarrant, personal commu-
nication). PSE meat is in part a consequence of
possession of certain genes and occurs more in
some strains of pigs than in others, but its occur-
rence is related in most cases to other indicators
of poor welfare (Tarrant, personal communication).

Poultry meat quality can often be adversely
affected for similar reasons. In a large-scale study
of chickens reared for meat production and
transported to slaughter in the Netherlands and
Germany, Nijdam et al. (2004) found that the
mean mortality was 4.6 and the number with
bruises was 22 per thousand birds. The major
factors that had increased the mortality rate
were: (i) increased stocking density in transport
containers; (ii) increased transport time; and (iii)
increased time in lairage before slaughter.

When animals are subjected to violent
handling and respond by energetic struggling, a
possible consequence is capture myopathy. This
muscle damage that occurs will impair muscular
action in the future, at least in the short term,
and is an indicator of poor welfare because it
reduces coping ability and may be associated
with pain (Ebedes et al., 2002).

Experimental methods of assessment

As Hall and Bradshaw (1998) explain, informa-
tion on the stress effects of transport is available
from five kinds of study:

e  Studies where transport, not necessarily in
conditions representative of commercial
practice, was used explicitly as a stressor to
evoke a physiological response of particu-
lar interest (Smart et al., 1994; Horton
et al., 1996).

e Uncontrolled studies with physiological
and behavioural measurements being made
before and after long or short commercial

or experimental journeys (Becker et al.,
1985, 1989; Dalin et al., 1988, 1993;
Knowles et al., 1994).

e  Uncontrolled studies during long or short com-
mercial or experimental journeys (Lambooij,
1988; Hall 1995).

e  Studies comparing animals that were trans-
ported, with animals that had been left
behind to act as controls (Nyberg et al.,
1988; Knowles et al., 1995).

e  Studies where the different stressors that
impinge on an animal during transport were
separated out either by experimental design
(Bradshaw et al., 1996¢c; Broom et al.,
1996; Cockram et al., 1996) or by statisti-
cal analysis (Hall et al., 1998c).

Each of these methods is of value, because
some are carefully controlled but less represen-
tative of commercial conditions whilst others
show what happens during commercial journeys
but are less well controlled.

Discussion of Some Key Factors
Animal genetics and transport

Cattle and sheep have been selected for particu-
lar breed characteristics for hundreds of years.
As a consequence, there may be differences
between breeds in how they react to particular
management conditions. For example, Hall et al.
(1998a, b) found that introduction of an indi-
vidual sheep to three others in a pen resulted in
a higher heart rate and salivary cortisol concen-
tration if it was of the Orkney breed than if it was
of the Clun Forest breed. The breed of animal
should be taken into account when planning
transport.

Farm animal selection for breeding has been
directed especially towards maximization of pro-
ductivity. In some farm species there are conse-
quences for welfare of such selection (Broom,
1994, 1999). Fast-growing broiler chickens may
have a high prevalence of leg disorders and Bel-
gian Blue cattle may be unable to calve unaided
or without the necessity of Caesarean section.
Some of these effects may affect welfare during
handling and transport.

Certain rapidly growing beef cattle have joint
disorders that result in pain during transport,
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and some strains of high-yielding dairy cows
are much more likely to have foot disorders.
Modern strains of dairy cows, in particular, need
much better conditions during transport and much
shorter journeys if their welfare is not to be poorer
than that of the dairy cattle of 30 years ago.

Rearing conditions, experience
and transport

If animals are kept in such a way that they are
very vulnerable to injury when handled and trans-
ported, this must be taken into account during
transporting, or the rearing conditions must be
changed. An extreme example of such an effect
is osteopenia and vulnerability to broken bones,
which is twice as high in battery hens as in hens
that are able to flap their wings and walk around
(Knowles and Broom, 1990). Calves are much
more disturbed by handling and transport if
they are reared in individual crates than if they
are reared in groups, presumably because of lack
of exercise and absence of social stimulation in
the rearing conditions (Trunkfield et al., 1991).

Human contact prior to handling and
transport is also important. If young cattle have
been handled for a short period just after wean-
ing they are much less disturbed by the proce-
dures associated with handling and transport
(Le Neindre et al., 1996). All animals can be
prepared for transport by appropriate previous
treatment.

Mixing of social groups and transport

If pigs or adult cattle are taken from different
social groups, whether from the same farm or not,
and are mixed with strangers just before trans-
port, during transport or in lairage, there is a sig-
nificant risk of threatening or fighting behaviour
(McVeigh and Tarrant, 1983; Guise and Penny,
1989; Tarrant and Grandin, 2000).

The glycogen depletion associated with
threat, fighting or mounting often results in DFD
meat, injuries such as bruising and associated poor
welfare. The problem is sometimes very severe,
in welfare and economic terms, but is solved by
keeping animals in groups with familiar individ-
uals rather than by mixing strangers. Cattle
might be tethered during loading but should never

be tethered when vehicles are moving, because
long tethers cause a high risk of entanglement
and short tethers cause a high risk of cattle being
hung by the neck.

Handling, loading, unloading and welfare

Well-trained and experienced stockpeople know
that cattle can be readily moved from place to
place by human movements that take advan-
tage of the animal’s flight zone (Kilgour and
Dalton, 1984; Grandin, 2000). Cattle will move
forward when a person enters the flight zone at
the point of balance, and can be calmly driven
up a race by a person entering the flight zone
and moving in the opposite direction to that in
which the animal intends to go.

Handling animals without the use of sticks
or electric goads results in better welfare and
less risk of poor carcass quality. Sound knowl-
edge of animal behaviour and good facilities are
important for animal welfare during handling
and loading.

Ambient temperature and other physical
conditions during transport

Extremes of temperature can cause very poor
welfare standards in transported animals. Expo-
sure to temperatures below freezing has severe
effects on small animals, including domestic fowl.

However, temperatures that are too high are
a commoner cause of poor welfare, with poul-
try, rabbits and pigs being especially vulnerable.
For example, de la Fuente et al. (2004) found
that plasma cortisol, lactate, glucose, creatine
kinase, lactate dehydrogenase and osmolarity
were all higher in warmer summer conditions than
in cooler winter conditions in transported rab-
bits. In each of these species, and particularly in
chickens reared for meat production, stocking
density must be reduced in temperatures of 20°C
or higher, or there is a substantial risk of high
mortality and poor welfare.

Vehicle-driving methods,
stocking density and welfare

When humans are driven in a vehicle, they can
usually sit on a seat or hold on to some fixture.
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Cattle standing on four legs are far less able to
deal with sudden movements such as those caused
by swinging around corners or sudden braking.
Cattle always endeavour to stand in a vehicle in
such a way that they brace themselves to mini-
mize the chance of being thrown around and to
avoid making contact with other individuals. They
do not lean on other individuals and are sub-
stantially disturbed by too much movement or
too high a stocking density.

In a study of sheep during driving on wind-
ing or straight roads, Hall et al. (1998c) found
that plasma cortisol concentrations were substan-
tially higher on winding than on straight roads.
Tarrant et al. (1992) studied cattle at a rather high,
at an average and at a low commercial stocking
density and found that falls, bruising, cortisol and
creatine kinase levels all increased with stocking
density. Careful driving and a moderate stocking
density are crucial for good standards of welfare.

Disease, welfare and transport

The transport of animals can lead to increased
disease — and hence to poorer welfare — in a
variety of ways: (i) tissue damage and malfunc-
tion; (ii) pathological effects which would not
otherwise have occurred resulting from patho-
gens already present; (iii) disease from patho-
gens transmitted from one transported animal
to another; and (iv) disease in non-transported
animals because of pathogen transmission from
transported animals. Exposure to pathogens does
not necessarily result in infection or disease in
an animal. Factors influencing this process include
the virulence and the dose of pathogens trans-
mitted, route of infection and the immune status
of the animals exposed (Quinn et al., 2002).

Enhanced susceptibility to infection and dis-
ease as a result of transport has been the subject
of much research (Broom and Kirkden, 2004;
Broom, 2006). Many reports describing the
relationship between transport and incidence of
specific diseases have been published. As an
example, ‘shipping fever’ is a term commonly
used for a specific transport-related disease con-
dition in cattle. It develops between a few hours
and 1-2 days following transport.

Several pathogens can be involved, such
as Pasteurella species, bovine respiratory syncytial
virus, infectious bovine rhinotracheitis virus and

several other herpes viruses, para-influenza 3
virus and a variety of pathogens associated with
gastrointestinal diseases, such as rotaviruses,
Escherichia coli and Salmonella spp. (Quinn
et al., 2002). Transport in general has been
shown to result in increased mortality in calves
and sheep (Brogden et al., 1998; Radostits
et al., 2000), salmonellosis in sheep (Higgs
et al., 1993) and horses (Owen et al., 1983). In
calves, it can cause pneumonia and subsequent
mortality associated with bovine herpes virus—1
(Filion et al., 1984), as a result of a stress-related
reactivation of herpes virus in latently infected
animals (Thiry et al., 1987).

In some cases, particular aspects of the
transport situation can be linked to disease. For
example, fighting caused by the mixing of differ-
ent groups of pigs can depress anti-viral immu-
nity in these animals (de Groot et al., 2001).
The presence of viral infection increases the
susceptibility to secondary bacterial infection
(Brogden et al., 1998).

Transmission of a pathogenic agent begins
with shedding from the infected host through oro-
nasal fluids, respiratory aerosols, faeces or other
secretions or excretions. The routes of shedding
vary between infectious agents. Stress related to
transport can increase the amount and duration
of pathogen shedding and thereby result in
increased infectiousness. This is described for
Salmonella in various animal species (Wierup,
1994).

The shedding of pathogens by the trans-
ported animals results in contamination of vehi-
cles and other transport-related equipment and
areas, e.g. in collecting stations and markets. This
may result in indirect and secondary transmis-
sion. The more resistant an agent is to adverse
environmental conditions, the greater the risk
that it will be transmitted by indirect mechanisms.

Many infectious diseases may be spread as
a result of animal transport. Outbreaks of classi-
cal swine fever in the Netherlands and of foot
and mouth disease in the UK were much worse
than they might have been because animals had
been transported and, in some cases, had trans-
mitted the disease at staging points or markets.

Schliiter and Kramer (2001) summarized
the outbreaks in the EU of foot and mouth dis-
ease and classical swine fever and found
that, once this latter disease was in the farm
stock, 9% of further spread occurred as a result
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of transport. In a recent epidemic of Highly
Pathogenic Avian Influenza virus in Italy it was
found that the movement of birds by contami-
nated vehicles and equipment created a signifi-
cant problem in the control of this epizootic.
Major disease outbreaks constitute very

problems, and regulations concerning the risks
of disease are necessary on animal welfare
grounds. If stress and the mixing of animals and
their products are minimized, disease — and hence
poor welfare standards — can be prevented or
rendered less likely.

important animal welfare as well as economic

References

Baldock, N.M. and Sibly, R.M. (1990) Effects of handling and transportation on heart rate and behaviour in
sheep. Applied Animal Behaviour Science 28, 15-39.

Becker, B.A., Neinaber, J.A., Deshazer, J.A. and Hahn, G.L. (1985) Effect of transportation on cortisol concen-
trations and on the circadian rhythm of cortisol in gilts. American Journal of Veterinary Research 46,
1457-1459.

Becker, B.A., Mayes, H.F., Hahn, G.L., Neinaber, J.A., Jesse, G.W., Anderson, M.E., Heymann, H. and
Hedrick, H.B. (1989) Effect of fasting and transportation on various physiological parameters and meat
quality of slaughter hogs. Journal of Animal Science 67, 334.

Bradshaw, R.H., Hall, S.J.G. and Broom, D.M. (1996a) Behavioural and cortisol responses of pigs and sheep
during transport. Veterinary Record 138, 233-234.

Bradshaw, R.H., Parrott, R.F., Forsling, M.L., Goode, J.A., Lloyd, D.M., Rodway, R.G. and Broom, D.M.
(1996b) Stress and travel sickness in pigs: effects of road transport on plasma concentrations of cortisol,
beta-endorphin and lysine vasopressin. Animal Science 63, 507-516.

Bradshaw, R.H., Parrott, R.F., Goode, J.A., Lloyd, D.M., Rodway, R.G. and Broom, D.M. (1996¢) Behavioural
and hormonal responses of pigs during transport: effect of mixing and duration of journey. Animal Science
62, 547-554.

Brogden, K.A., Lehmkuhl, H.D. and Cutlip, R.C. (1998) Pasteurella haemolytica-complicated respiratory
infections in sheep and goats. Veterinary Research 29, 233-254.

Broom, D.M. (1986) Indicators of poor welfare. British Veterinary Journal 142, 524-526.

Broom, D.M. (1994) The effects of production efficiency on animal welfare. In: Huisman, E.A., Osse, ].W.M.,
van der Heide, D., Tamminga, S., Tolkamp, B.L., Schouten, W.G.P., Hollingsworth, C.E. and van Winkel, G.L.
(eds) Biological Basis of Sustainable Animal Production: Proceedings of the 4th Zodiac Symposium. EAAP
Publication No. 67, Wageningen, Netherlands, pp. 201-210.

Broom, D.M. (1998) Welfare, stress and the evolution of feelings. Advances in the Study of Behavior 27,
371-403.

Broom, D.M. (1999) The welfare of dairy cattle. In: Aagaard, K. (ed.) Proceedings of the 25th International
Dairy Congress; lll, Future Milk Farming, Aarhus, Netherlands, 1998. Danish National Committee of I.D.F.,
Aarhus, Netherlands, pp. 32-39.

Broom, D.M. (2000) Welfare assessment and problem areas during handling and transport. In: Grandin, T.
(ed.) Livestock Handling and Transport, 2nd edn. CABI, Wallingford, UK, pp. 43-61.

Broom, D.M. (ed.) (2001a) Coping with Challenge: Welfare in Animals including Humans. Dahlem University
Press, Berlin, 364 pp.

Broom, D.M. (2001b) Coping, stress and welfare. In: Broom, D.M. (ed.) Coping with Challenge: Welfare in
Animals including Humans. Dahlem University Press, Berlin, pp. 1-9.

Broom, D.M. (2002) Does present legislation help animal welfare? Landbauforschung Vélkenrode 227,
63-69.

Broom, D.M. (2006) Behaviour and welfare in relation to pathology. Applied Animal Behaviour Science 97,
71-83.

Broom, D.M. and Johnson, K.G. (2000) Stress and Animal Welfare. Kluwer, Dordrecht, Netherlands.

Broom, D.M. and Kirkden, R.D. (2004) Welfare, stress, behavior, and pathophysiology. In: Dunlop, R.H. and
Malbert, C.-H. (eds) Veterinary Pathophysiology. Blackwell, Ames, lowa, pp. 337-369.

Broom, D.M., Goode, J.A., Hall, S.J.G., Lloyd, D.M. and Parrott, R.F. (1996) Hormonal and physiological
effects of a 15-hour journey in sheep: comparison with the responses to loading, handling and penning
in the absence of transport. British Veterinary Journal 152, 593-604.



Causes of Poor Welfare and Welfare Assessment 41

Cockram, M.S., Kent, J.E., Goddard, P.J., Waran, N.K., McGilp, I.M., Jackson, R.E., Muwanga, G.M. and
Prytherch, S. (1996) Effect of space allowance during transport on the behavioural and physiological
responses of lambs during and after transport. Animal Science 62, 461-477.

Dalin, A.M., Nyberg, L. and Eliasson, L. (1988) The effect of transportation/relocation on cortisol, CBG and
induction of puberty in gilts with delayed puberty. Acta Veterinaria Scandinavica 29, 207-218.

Dalin, A.M., Magnusson, U., Haggendal, J. and Nyberg, L. (1993) The effect of transport stress on plasma levels
of catecholamines, cortisol, corticosteroid-binding globulin, blood cell count and lymphocyte prolifera-
tion in pigs. Acta Veterinaria Scandinavica 34, 59-68.

de Groot, J., Ruis, M.A., Scholten, ].W., Koolhaas, J.M. and Boersma, W.J. (2001) Long-term effects of social
stress on anti-viral immunity in pigs. Physiology and Behavior 73, 143-158.

de la Fuente, ., Salazar, M.I., Ibafiez, M. and Gonzalez de Chavarri, E. (2004) Effects of season and stocking
density during transport on live-weight and biochemical measurements of stress, dehydration and injury
of rabbits at time of slaughter. Animal Science 78, 285-292.

Ebedes, H., Van Rooyen, J. and Du Toit, J.G. (2002) Capturing wild animals. In: Bothma, J. du P. (ed.) Came
Ranch Management. Van Scheik, Pretoria, South Africa, pp. 382-440.

Fell, L.R., Shutt, D.A. and Bentley, C.J. (1985) Development of salivary cortisol method for detecting changes
in plasma ‘free’ cortisol arising from acute stress in sheep. Australian Veterinary Journal 62, 403-406.

Filion, L.G., Willson, P.J., Bielefeldt-Ohmann, M.A. and Thomson, R.G. (1984) The possible role of stress in
the induction of pneumonic pasteurellosis. Canadian Journal of Comparative Medicine 48, 268-274.

Fraser, A.F. and Broom, D.M. (1997) Farm Animal Behaviour and Welfare. CABI, Wallingford, UK.

Geverink, N.A., Bradshaw, R.H., Lambooij, E., Wiegant, V.M. and Broom, D.M. (1998) Effects of simulated
lairage conditions on the physiology and behaviour of pigs. Veterinary Record 143, 241-244.

Grandin, T. (1980) Observations of cattle behaviour applied to the design of cattle handling facilities. Applied
Animal Ethology 6, 19-31.

Grandin, T. (1982) Pig behaviour studies applied to slaughter plant design. Applied Animal Ethology 9,
141-151.

Grandin, T. (1989) Behavioural principles of livestock handling. Professional Animal Scientist 5 (2), 1-11.

Grandin, T. (2000) Behavioural principles of handling cattle and other grazing animals under extensive condi-
tions. In: Grandin, T. (ed.) Livestock Handling and Transport, 2nd edn., CABI, Wallingford, UK.

Gregory, N.G. and Wilkins, L.J. (1989) Broken bones in domestic fowl: handling and processing damage in
end-of-lay battery hens. British Poultry Science 30, 555-562.

Guise, J. and Penny, R.H.C. (1989) Factors affecting the welfare, carcass and meat quality of pigs. Animal Pro-
duction 49, 517-521.

Hall, S.J.G. (1995) Transport of sheep. Proceedings of the Sheep Veterinary Society 18, 117-119.

Hall, S.J.G. and Bradshaw, R.H. (1998) Welfare aspects of transport by road of sheep and pigs. Journal of
Applied Animal Welfare Science 1, 235-254.

Hall, S.J.G., Schmidt, B. and Broom, D.M. (1997) Feeding behaviour and the intake of food and water by
sheep after a period of deprivation lasting 14 h. Animal Science 64, 105-110.

Hall, S.J.G., Broom, D.M. and Kiddy, G.N.S. (1998a) Effect of transportation on plasma cortisol and packed
cell volume in different genotypes of sheep. Small Ruminant Research 29, 233-237.

Hall, S.J.G., Forsling, M.L. and Broom, D.M. (1998b) Stress responses of sheep to routine procedures: changes
in plasma concentrations of vasopressin, oxytocin and cortisol. Veterinary Record 142, 91-93.

Hall, S.J.G., Kirkpatrick, S.M., Lloyd, D.M. and Broom, D.M. (1998c) Noise and vehicular motion as potential
stressors during the transport of sheep. Animal Science 67, 467-473.

Hall, S.J.G., Kirkpatrick, S.M. and Broom, D.M. (1998d) Behavioural and physiological responses of sheep of
different breeds to supplementary feeding, social mixing and taming, in the context of transport. Animal
Science 67, 475-483.

Higgs, A.R.B., Norris, R.T. and Richards, R.B. (1993) Epidemiology of salmonellosis in the live sheep export
industry. Australian Veterinary Journal 70, 330-335.

Horton, G.M.J., Baldwin, J.A., Emanuele, S.M., Wohlt, J.E. and McDowell, L.R. (1996) Performance and
blood chemistry in lambs following fasting and transport. Animal Science 62, 49-56.

Jones, A.R. and Price, S.E. (1992) Measuring the response of fallow deer to disturbance. In: Brown, R.D. (ed.)
The Biology of Deer. Springer Verlag, Berlin.

Kelley, K.W. (1985) Immunological consequences of changing environmental stimuli. In: Moberg, G.P. (ed.)
Animal Stress. American Physiological Society, Betheda, Maryland, pp. 193-223.

Kenny, F.J. and Tarrant, P.V. (1987) The reaction of young bulls to short-haul road transport. Applied Animal
Behaviour Science 17, 209-227.



42 D.M. Broom

Kent, J.F. and Ewbank, R. (1986) The effect of road transportation on the blood constituents and behaviour of
calves. Ill. Three months old. British Veterinary Journal 142, 326-335.

Kilgour, R. and Dalton, C. (1984) Livestock Behaviour: a Practical Guide. Granada Publishing, St Albans, UK.

Knowles, T.G. and Broom, D.M. (1990) Limb bone strength and movement in laying hens from different hous-
ing systems. Veterinary Record 126, 354-356.

Knowles, T.G. and Warriss, D. (2000) Stress physiology of animals during transport. In: Grandin, T. (ed.) Live-
stock Handling and Transport, 2nd edn., CABI, Wallingford, UK, pp. 385-407.

Knowles, T.G., Warriss, P.D., Brown, S.N. and Kestin, S.C. (1994) Long-distance transport of export lambs.
Veterinary Record 134, 107-110.

Knowles, T.G., Brown, S.N., Warriss, P.D., Phillips, A.J., Doland, S.K., Hunt, P., Ford, J.E., Edwards, J.E. and
Watkins, P.E. (1995) Effects on sheep of transport by road for up to 24 hours. Veterinary Record 136,
431-438.

Lambooij, E. (1988) Road transport of pigs over a long distance: some aspects of behaviour, temperature and
humidity during transport and some effects of the last two factors. Animal Production 46, 257-263.
Lambooij, E., Geverink, N., Broom, D.M. and Bradshaw, R.H. (1995) Quantification of pigs’ welfare by

behavioural parameters. Meat Focus International 4, 453-456.

Le Neindre, P., Boivin, X. and Boissy, A. (1996) Handling of extensively kept animals. Applied Animal Behav-
jour Science 49, 73-81.

McVeigh, J.M. and Tarrant, V. (1983) Effect of propanolol on muscle glycogen metabolism during social
regrouping of young bulls. Journal of Animal Science 56, 71-80.

Nijdam, E., Arens, P., Lambooij, E., Decuypere, E. and Stegman, J.A. (2004) Factors influencing bruises and
mortality of broilers during catching, transport and lairage. Poultry Science 83, 1610-1615.

Nyberg, L., Lundstrom, K., Edfors-Lilja, I. and Rundgren, M. (1988) Effects of transport stress on concentrations
of cortisol, corticosteroid-binding globulin and glucocorticoid receptors in pigs with different halothane
genotypes. Journal of Animal Science 66, 1201-1211.

Owen, R.A., Fullerton, J. and Barnum, D.A. (1983) Effects of transportation, surgery, and antibiotic therapy in
ponies infected with Salmonella. American Journal of Veterinary Research 44, 46-50.

Parrott, R.F., Misson, B.H. and Baldwin, B.A. (1989) Salivary cortisol in pigs following adrenocorticotrophic
hormone stimulation: comparison with plasma levels. British Veterinary Journal 145, 362-366.

Parrott, R.F., Hall, S.J.G. and Lloyd, D.M. (1998a) Heart rate and stress hormone responses of sheep to road
transport following two different loading responses. Animal Welfare 7, 257-267.

Parrott, R.F., Hall, S.J.G., Lloyd, D.M., Goode, J.A. and Broom, D.M. (1998b) Effects of a maximum permissi-
ble journey time (31 h) on physiological responses of fleeced and shorn sheep to transport, with observa-
tions on behaviour during a short (1 h) rest-stop. Animal Science 66, 197-207.

Parrott, R.F., Lloyd, D.M. and Brown, D. (1999) Transport stress and exercise hyperthermia recorded in sheep
by radiotelemetry. Animal Welfare 8, 27-34.

Quinn, P.J., Markey, B.K., Carter, M.E., Donnelley, W.J. and Leonard, F.C. (2002) Veterinary Microbiology
and Microbial Diseases. Blackwell, Oxford, UK.

Radostits, O.M., Gay, C.C., Blood, D.C. and Hinchcliff, K.\W. (2000) Veterinary Medicine: a Textbook of the
Diseases of Cattle, Sheep, Pigs, Goats and Horses, 9th edn. W.B. Saunders, London.

Ravenswaaij, C.M.A., van, Kollée, L.A.A., Hopman, J.C.W., Stoelinga, G.B.A. and van Geijn, H. (1993) Heart
rate variability. Annals of Internal Medicine 118, 435-437.

Riad-Fahmy, D., Read, G.F., Walker, R.F. and Giriffiths, K. (1982) Steroids in saliva for assessing endocrine
function. Endocrinology Review 3, 367-395.

Rushen, J. (1986a) The validity of behavioural measure of aversion: a review. Applied Animal Behaviour Science
16, 309-323.

Rushen, J. (1986b) Aversion of sheep for handling treatments: paired choice experiments. Applied Animal
Behaviour Science 16, 363-370.

Schliiter, H. and Kramer, M. (2001) Epidemiologische Beispiele zur Seuchenausbreitung. Deutsche Tierérztliche
Wochenschrift 108, 338-343.

Smart, D., Forhead, A.J., Smith, R.F. and Dobson, H. (1994) Transport stress delays the oestradiol-induced LH
surge by a non-opioidergic mechanism in the early postpartum ewe. Journal of Endocrinology 142, 447-451.

Stanger, K.J., Ketheesan, N., Parker, A.J., Coleman, C.J., Lazzaroni, S.M. and Fitzpatrick, L.A. (2005) The effect
of transportation on the immune status of Bos indicus steers. Journal of Animal Science 83, 2632-2636.

Stull, C.L., Spier, S.J., Aldridge, B.M., Blanchard, M. and Stott, J.L. (2004) Immunological response to
long-term transport stress in mature horses and effects of adaptogenic dietary supplementation as an
immunomodulator. Equine Veterinary Journal 36, 583-589.



Causes of Poor Welfare and Welfare Assessment 43

Tarrant, P.V., Kenny, F.J., Harrington, D. and Murphy, M. (1992) Long-distance transportation of steers to
slaughter, effect of stocking density on physiology, behaviour and carcass quality. Livestock Production
Science 30, 223-238.

Tarrant, V. and Grandin, T. (2000) Cattle transport. In: Grandin, T. (ed.) Livestock Handling and Transport,
2nd edn. CAB International, Wallingford, UK.

Thiry, E., Saliki, J., Bublot, M. and Pastoret, P.-P. (1987) Reactivation of infectious bovine rhinotracheitis virus
by transport. Comparative Immunology Microbiology and Infectious Diseases 10, 59-63.

Trunkfield, H.R. and Broom, D.M. (1990) The welfare of calves during handling and transport. Applied Animal
Behaviour Science 28, 135-152.

Trunkfield, H.R. and Broom, D.M. (1991) The effects of the social environment on calf responses to handling
and transport. Applied Animal Behaviour Science 30, 177.

Trunkfield, H.R., Broom, D.M., Maatje, K., Wierenga, H.K., Lambooij, E. and Kooijman, J. (1991) Effects of
housing on responses of veal calves to handling and transport. In: Metz, J.H.M. and Groenestein, C.M.
(eds) New Trends in Veal Calf Production. Pudoc, Wageningen, Netherlands, pp. 40-43.

Wierup, M. (1994) Control and prevention of Salmonella in livestock farms. Proceedings of the 16th Confer-
ence, OIE Regional Commission, Europe, Stockholm, 28 June-1 July 1994, pp. 249-269.



4 Behavioural Principles of Handling
Cattle and Other Grazing Animals under
Extensive Conditions

Temple Grandin

Department of Animal Sciences, Colorado State University, Fort Collins,
Colorado, USA

Introduction

More and more ranchers and feedlot managers
are adopting low-stress handling methods. Since
2000 there have been several new innovations
in herding cows on the range and in receiving
procedures for calves arriving in a feedlot. It is
likely that these methods may be rediscoveries
of the ways of the stockmen of bygone years.
In the late 1800s, cowboys handled and
trailed cattle quietly on the great cattle-drives
from Texas to Montana. In a cowboy’s diary
Andy Adams wrote: ‘Boys, the secret of trailing
cattle is to never let your herd know that they are
under restraint. Let everything that is done be
done voluntarily by the cattle’ (Adams, 1903).
Unfortunately, the quiet methods of the early
1900s were forgotten and some more modern
cowboys were rough (Wyman, 1946; Hough,
1958; Burri, 1968). There is an excellent review
of the history of herding in Smith (1998). Pro-
gressive producers of cattle know that reducing
stress will improve both productivity and safety.

Motivated by Fear

Cattle and other grazing, herding animals such
as horses are prey species. Fear motivates
them to be constantly vigilant in order to escape
from predators. Fear is a very strong stressor

(Grandin, 1997). Fear stress can raise stress hor-
mones to higher levels than can many physical
stressors. When cattle become agitated during
handling they are motivated by fear. The cir-
cuits in the brain that control fear-based behav-
iour have been studied and mapped (LeDoux,
1996; Rogan and LeDoux, 1996).

Calm animals are easier to handle and sort
than agitated, fearful cattle. Fearful cattle stick
together and handling becomes more difficult.
The secret to low-stress cattle handling is to keep
them calm. If cattle become frightened, it takes
20 min for them to calm down. Feedlot opera-
tors who handle thousands of extensively raised
cattle have found that quiet handling during
vaccination enabled their charges to go back on
feed more quickly (Grandin, 1998a).

Voisinet et al. (1997) reported that cattle
which became highly agitated during restraint in
a squeeze chute had lower weight gains than
calm cattle that had stood quietly in the chute.
Further research has shown that cattle that run
rapidly out of the chute are also more suscepti-
ble to pre-slaughter stress and yielded tougher
meat (Petherick et al., 2002; Vann et al., 2004).
King et al. (2005) reported that extensively
raised yearling steers with an excitable tempera-
ment had higher cortisol levels after handling.

Sheep and cattle may have an innate fear
of dogs. Sheep were more willing to approach a
goat compared to an unfamiliar human or a
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quiet sitting dog (Beausoleil et al., 2005). The
unfamiliar goat may be perceived as a herdmate
rather than as a threat. When grazing animals
see a novel or potentially threatening thing they
will raise their heads in a vigilant posture (Welp
et al., 2004). The vigilant posture occurs when
they perceive a potential threat. The eyes also
provide an indicator of a bovine’s stress level.
Frightening cattle by suddenly opening an
umbrella caused a greater percentage of the
white portion of the eye to show (Sandem et al.,
2004).

Further studies have shown that the per-
centage of visible white eye increases when a
calf is separated from its mother, while the tran-
quillizer diazepam reduces it (Sandem et al.,
2006). People working with cattle need to
improve their handling methods if cattle show
the whites of their eyes and their heads are con-
stantly up. When cattle are handled quietly,
these signs of fear will be absent.

Perception of grazing animals
Vision

To help in the avoidance of predation, cattle
have wide-angle (360°) panoramic vision (Prince,
1977), and vision has dominance over hearing
(Uetake and Kudo, 1994). They can discriminate
colours (Thines and Soffie, 1977; Darbrowska
et al., 1981; Gilbert and Arave, 1986; Arave,
1996). Cattle, sheep and goats are dichromats
(only two of the three primary colours can be
discerned), with cones that are most sensitive to
yellowish green (552-555nm) and blue—purple
light (444-455nm) (Jacobs et al., 1998). The
horse is most sensitive at 539 nm and 428 nm
(Carroll et al., 2007).

Pick et al. (1994) tested a horse and found
that it could discriminate red from grey and blue
from grey, but could not discriminate green from
grey. In another study, Smith and Goldman
(1999) found that most horses could discriminate
grey from red, blue, yellow and green, but one
horse was not able to distinguish yellow from
green. Dichromatic vision may provide better
vision at night and aid in detecting motion (Miller
and Murphy, 1995). The visual acuity of bulls
may be worse than that of younger cattle or
sheep (Rehkamper and Gorlach, 1998).

Grazing animals can see depth (Lemmon
and Patterson, 1964). Horses are sensitive to
visual depth cues in photographs. However,
grazing animals may have to stop and put their
heads down to see depth. This may explain why
they baulk at shadows on the ground. Observa-
tions by Smith (1998) indicate that cattle do not
perceive objects that are overhead unless they
move. Smith (1998) also observed that, due to
their horizontal pupil, cattle might see vertical
lines better than horizontal lines. It is of interest
that most grazing animals have horizontal pupils
and most predators have round ones.

Research with horses indicates that they
have a horizontal band of sensitive retina, instead
of a central fovea as in the human (Saslow,
1999). This enables them to scan their sur-
roundings while grazing. Grazing animals have
a visual system that is very sensitive to motion
and contrasts of light and dark. They are able to
scan the horizon constantly while grazing and
they may have difficulty in quickly focusing on
nearby objects, due to weak eye muscles (Coulter
and Schmidt, 1993). This may explain why
grazing animals ‘spook’ at nearby objects that
suddenly move.

Wild ungulates, domestic cattle and horses
respect a solid fence and will seldom ram or try
to run through a solid barrier. Sheets of opaque
plastic can be used to corral wild ungulates
(Fowler, 1995), whereas portable corrals con-
structed from canvas have been used to capture
wild horses (Wyman, 1946; Amaral, 1977).
Excited cattle will often run into a cable or chain-
link fence because they cannot see it. A 30 cm-
wide, solid, belly rail installed at eye height or
ribbons attached to the fence will enable the
animal to see the fence and prevent fence ram-
ming (Ward, 1958). Cattle also have a strong
tendency to move from a dimly illuminated area
to a more brightly lit one (Grandin, 1980a, b).
However, they will not approach a blinding
light.

Visual distractions that cause animals to
back up and refuse to move must either be
removed from a handling facility or blocked by
solid walls. Some of the most common distrac-
tions are: dangling chains, reflections, shadows,
moving people, vehicles and flapping objects
(Grandin, 1987, 2006). To locate visual distrac-
tions, people need to get into the race and look
at it from the point of view of the bovine eye.
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Hearing

Grazing animals are very sensitive to high-
frequency sounds. The human ear is most sensi-
tive at 1000-3000 Hz, but cattle are most
sensitive to 8000 Hz (Ames, 1974; Heffner and
Heffner, 1983). Cattle can easily hear up to
21,000 Hz (Algers, 1984).

Heffner and Heffner (1992) found that cat-
tle and goats have a poorer ability to localize
sound than most mammals. The authors specu-
late that, since prey species animals have their
best vision directed to nearly the entire horizon,
they may not need to locate sounds as accu-
rately as an animal with a narrow visual field.
The author has observed that cattle and horses
will ‘watch’ people and other animals with their
ears. They will point each ear independently at
two different people or animals. Noise is stress-
ful to grazing animals (Price et al., 1993). The
sounds of people yelling or whistling were more
stressful to cattle than the sounds of gates clang-
ing (Waynert et al., 1999).

Cattle are able to differentiate between the
threatening sound of a person yelling at them
and a machinery sound that is not directed at
them. Shouting close to the ear of a cow may be
as aversive as an electric prod (Pajor et al.,
2003). Lanier et al. (1999a, 2000) found that
cattle that became agitated in an auction ring
were more likely to flinch or jump in response to
sudden, intermittent movement or sounds.
Intermittent movements or sounds appear to be
more frightening than steady stimuli.

Talling et al. (1998) found that pigs were
more reactive to intermittent sounds com-
pared with steady sounds. High-pitched sounds
increased a pig’s heart rate more than low-
pitched sounds (Talling et al., 1996). Sudden
movements have the greatest activating effect
on the amygdala (LeDoux, 1996), the part of
the brain that controls fearfulness (LeDoux,
1996; Rogan and LeDoux, 1996). See Chapter
5, this volume, for more information on the
effects of sound.

Effects of sudden novelty, high visual
contrast and rapid movement

Cattle and other ungulates are frightened by
novelty when they are suddenly confronted by it.

Animals will baulk at a sudden change in fence
construction or floor texture (Lynch and
Alexander, 1973). Shadows, drain grates and
puddles will also impede cattle movement
(Grandin, 1980a). In areas where animals are
handled, illumination should be uniform to pre-
vent shadows, and handling facilities should be
painted all one colour to avoid contrasts. In
indoor handling facilities, white, translucent sky-
lights should be installed in either the walls or
roof to let in lots of shadow-free natural light.
The ideal illumination should look like a bright,
but cloudy day.

Contrasts have such an inhibiting effect on
cattle movement that road maintenance depart-
ments have stopped cattle from crossing a road
by painting a series of white lines across it
(Western Livestock Journal, 1973). Dairy cattle
that are handled every day in the same facility
will readily walk over a drain grate or a shadow
because it is no longer novel. However, the
same dairy cow will baulk and put her head
down to investigate a strange piece of paper on
the floor of a familiar alley.

The paradoxical aspect of novelty is that it
is both frightening and attractive (Grandin and
Deesing, 1998). A clipboard on the ground will
attract cattle when they can voluntarily
approach it, but they will baulk and may refuse
to step over it if driven towards it. A prey species
must be wary of novelty because novelty can
mean danger. For example, Nyala (antelope) in
a zoo have little fear of people standing by their
fence, but the novelty of people fixing a barn
roof provoked an intense flight reaction.

A review of the literature about cattle drives
in the 1800s and early 1900s indicated that sud-
den novelty was the major cause of stampedes.
Stampedes were caused by a hat flying in the
wind, a horse bucking with a saddle under its
belly, thunder, a cowboy stumbling or a flapping
raincoat (Harger, 1928; Ward, 1958; Linford,
1977). Stampedes were also more likely to occur
at night (Ward, 1958; Linford, 1977). Objects
that move quickly are more likely to scare.
Rapid motion has a greater activating effect on
the amygdala than slow movement (LeDoux,
1996).

Dantzer and Mormede (1983) and Stephens
and Toner (1975) both reported that novelty
is a strong stressor. Placing a calf in an unfa-
miliar place is probably stressful (Johnston and
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Buckland, 1976). In tame beef cattle, throwing
a novel-coloured ball into the pen caused a
crouch—flinch reaction in 50% of the animals
(Miller et al., 1986). Cattle which had previous
handling experience in a livestock market set-
tled down more quickly at the slaughter plant
stockyards because it appeared less novel and
frightening to cattle that had been in a livestock
market (Cockram, 1990).

Handling and weaning of calves will be less
stressful if the cows and calves are quietly
moved through the chutes and corrals several
times before any actual veterinary procedures
are done (Humphries, 2006). It is recom-
mended to get cattle accustomed to being han-
dled by people on foot, on horses and in
vehicles, in order to prevent the animals from
becoming excited by the novelty of handling at
a feedlot, auction or slaughter plant.

Zebu cattle reared in the Philippines are
exposed to so much novelty that new experi-
ences seldom alarm them. Halter-broken cows
and their newborn calves are moved every day
to new grazing locations along busy roads full of
buses and cars.

Studies on handling stress

There is an old saying: ‘You can tell what kind
of a stockman a person is by looking at his cat-
tle’. Many cattlemen and women believe that
early handling experiences have long-lasting
effects (Hassal, 1974). Cattle with previous
experience of gentle handling will be calmer and
easier to handle in the future than cattle that
have been handled roughly (Grandin, 1981).
Calves and cattle accustomed to gentle han-
dling at the ranch of origin had fewer injuries at
livestock markets because they had become
accustomed to handling procedures (Wythes
and Shorthose, 1984).

Rough handling can be very stressful. In a
review of many different studies, Grandin
(1997) found that cortisol levels were two-thirds
higher in animals subjected to rough treatment.
Rough handling and sorting in poorly designed
facilities resulted in much greater increases in
heart rate compared with handling in well-
designed facilities (Stermer et al., 1981).

The severity and duration of a frightening
handling procedure determine the length of

time required for the heart rate to return to nor-
mal. Over 30 min is required for the heart rate
to return to baseline levels after severe handling
stress (Stermer et al., 1981). Moving cattle
through a handling facility will raise their body
temperature, and intake of feed may be
reduced for up to 2 days following handling
(Mader et al., 2005).

Measurement of cortisol levels has shown
that animals can become accustomed to han-
dling procedures. They will adapt to repeated,
non-painful procedures, such as moving through
a race or having blood samples taken through
an indwelling catheter while they are held in a
familiar tie stall (Alam and Dobson, 1986; Fell
and Shutt, 1986). Wild beef calves can adapt to
a non-painful, relatively quick procedure, such
as weighing. Peischel et al. (1980) reported that
daily weighing did not affect weight gain.

Cattle will not readily adapt to severe pro-
cedures that cause pain or to a series of rapidly
repeated procedures where the animal does not
have sufficient time to calm down between pro-
cedures. Fell and Shutt (1986) found that
cortisol levels did not decrease after repeated
trips in a truck where some animals had fallen
down and lost their footing. Tame animals are
likely to have a milder reaction to an aversive
procedure than wild ones. Calves on an experi-
ment station where they were petted by visitors
had significantly lower cortisol levels after
restraint and handling than calves that had had
less contact with people (Boandle et al., 1989).

Training and habituation of
animals to handling

Ried and Mills (1962) have suggested that ani-
mals can be trained to accept some irregularities
in management, which would help reduce vio-
lent reactions to novelty. Exposing animals to
reasonable levels of music or miscellaneous
sounds will reduce fear reactions to sudden,
unexpected noises. When a radio is played in a
pig barn, pigs have a milder reaction to a sud-
den noise such as a door slamming. Playing
instrumental music or miscellaneous sounds at
75 dB improved weight gains in sheep (Ames,
1974). Louder sound reduced weight gains.
Binstead (1977), Fordyce et al. (1985) and
Fordyce (1987) reported that training young
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Bos indicus heifer calves produced calmer adult
animals that were easier to handle. Training of
weaner calves involves walking quietly among
them in the corrals, working them through races
and teaching them to follow a lead horseman
(Fordyce, 1987). These procedures are carried
out over a period of 10 days.

Becker and Lobato (1997) also found that
ten sessions of gentle handling in a race made
zebu cross-bred calves calmer and less likely to
attempt to escape or charge a person in a small
pen. Training bongo antelope to voluntarily
cooperate with injections and blood sampling
resulted in very low cortisol levels that were
almost at baseline (Phillips et al., 1998).

All training procedures must be done
gently. Burrows and Dillon (1997) suggest that
training may provide the greatest benefit for
cattle with an excitable temperament. There
are great individual differences in how animals
react to handling and restraint. Ray et al.
(1972) found that cortisol levels varied greatly
between individual cattle: in semi-tame beef
cattle, one animal had almost no increase
in cortisol levels during restraint and blood
sampling from the jugular, whereas the other
five cattle in the experiments had substantial
increases.

Acclimatization of newly arrived
cattle at the feedlot

Extensively raised cattle that are not habituated
to people often have difficulty settling down and
going on feed at the feedlot. Veterinarians Lynn
Locatelli and Tom Noffsinger in Nebraska train
feedlot receiving crews in methods of reducing
the animals’ fear and of habituating them to
closer contact with people. Handlers approach
a group of cattle and, when they first start to
react, they back away. Approaching too quickly
or too close will cause the animals to run. Grad-
ually they are able to habituate the cattle to
people moving closer.

The principle is to gain their trust by
relieving pressure at the first sign of a reaction.
Over a period of 10-20 min of quietly repeat-
ing approach and backing off, most cattle will
allow people to move closer without running
away. If a pen of calves is milling and bawling,
they can be calmed by walking with them in

the same direction as they are moving. These
methods were developed by Bud Williams and
there is further information in Maday (2005).

Genetic differences in temperament

Genetic differences within a breed can affect
stress responses during handling. Animals with
flighty genetics are more likely to become
extremely agitated when confronted by a sud-
den novel event - such as seeing a waving flag
for the first time — than animals with a calmer
temperament (Grandin and Deesing, 1998). A
basic principle is that animals with flighty, excit-
able genetics must have new experiences intro-
duced more gradually than animals with calm
genetics. One of the major differences between
wild and domesticated animals is that the wild
species have higher levels of fearfulness and a
stronger reaction to environmental change
(Price, 1998).

In extensively reared, untrained, wild 260 kg
Gelbvieh x Simmental x Charolais cross-bred
cattle, behavioural traits were persistent over a
series of four monthly handling and restraint
sessions (Grandin, 1993). A small group of cat-
tle (9% bulls and 3% steers) became extremely
agitated and violently shook the squeeze chute
(crush) every time they were handled. Another
group (25% bulls and 40% steers) stood very
calmly in the squeeze chute every time they
were handled. There was also a large group of
animals that were sometimes calm and some-
times agitated.

The animals were handled carefully and
gently during all the observed restraint sessions.
These differences in temperament can probably
be explained by a combination of genetic fac-
tors and handling experiences as young calves.
The behaviour of the few extremely agitated
animals did not improve over time. These
observations illustrate that the behaviour pat-
terns that are formed at a young age may be
very persistent. There was also a tendency for
the agitated animals to avoid coming through
the race with the first bunches of cattle. Orihuelo
and Solano (1994) found that animals first in
line in a single-file race moved more quickly
through the race compared with animals last
in line.
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Species such as American bison and ante-
lope are so fearful that they often severely injure
themselves when they are restrained. Whereas
domestic cattle will tolerate being gently forced
into a restraint device, bison and antelope are
creatures that need to be trained to cooperate
voluntarily (Grandin, 1999). Jennifer Lanier in
our research team has had some success in
training American bison to move voluntarily
through races for feed rewards (Lanier et al.,
1999b).

Bison, deer and other flighty species should
be moved in small groups. They will remain
calmer if only one or two animals are brought
from the forcing pen to the restraint device
through a short, single-file race. Whereas domes-
tic cattle will stand quietly in a single-file race,
many wild ungulates become stressed and agi-
tated if they are made to wait in line. Even with
domestic animals, some individuals will habitu-
ate to a forced, non-painful procedure and oth-
ers may respond by getting increasingly stressed.
Lanier et al. (1995) found that some pigs habit-
uated quickly to swimming and their adrenaline
levels dropped to baseline, whereas others
remained frightened and their adrenaline levels
remained high.

In Holstein calves, the sire had an effect
on cortisol response to transportation stress
(Johnston and Buckland, 1976). The sire also
has an effect on learning ability and activity lev-
els in Holstein calves (Arave et al., 1992).

The breed has a definite effect on bovine
temperament. Brahman-cross cattle became
more behaviourally agitated in a squeeze chute
compared with Shorthorns (Fordyce et al., 1988).
Both Hearnshaw et al. (1979) and Fordyce et al.
(1988) reported that temperament is heritable in
B. indicus cattle. Stricklin et al. (1980) reported
that Herefords were the most docile British breed
and Galloways the most excitable. The continen-
tal European breeds of Bos taurus were gener-
ally more excitable than British breeds. Within a
breed the sire was found to have an effect on
temperament scores.

LeNeindre et al. (1996) discussed prob-
lems associated with taking breeds which were
developed for an intensive system and putting
them out on an extensive range. For example, a
bull can produce daughters that are gentle in an
intensive system and aggressive towards han-
dlers when raised on the range. The author has

observed that these problems are most likely to
occur in excitable, flighty cattle that panic in a
novel situation. Some genetic lines of Saler cat-
tle are calm and easy to handle when they are
with familiar people, but they panic, kick and
charge people when confronted with the noise
and novelty of an auction or slaughter plant.
These problems are most likely to occur in
high-fear breeds such as Saler.

In the USA, the various breed associations
have implemented temperament scoring and
ranchers are culling the wild cows that become
highly agitated during handling. It is important
to cull the really ‘berserk’ cows, but selecting for
the absolute calmest is a mistake. Ranchers on
extensive rangeland have reported that selec-
tion for the most calm may reduce either moth-
ering or foraging ability.

Grandin et al. (1995) and Randle (1998)
found that cattle with small, spiral hair whorls
above the eyes had a larger flight distance and
were more likely to become agitated during
restraint than cattle with hair whorls below the
eyes. Observations of cattle, horses, dogs and
other animals indicated that animals with a slen-
der body and fine bones were more nervous
and flighty. Lanier and Grandin (2002) found
that cattle that had a smaller diameter cannon
bone (foreleg) were more nervous and ran out
of the squeeze chute more quickly.

Breed differences in handling patterns

Different breeds of cattle also have different
behavioural characteristics that affect handling.
Pure-bred B. indicus cattle have a greater ten-
dency to follow people or lead animals. It is
sometimes easier to train these cattle to lead
instead of driving them. Brahman and Brah-
man-cross cattle also tend to flock more tightly
together when they are alarmed compared with
British breeds. Brahman-type cattle are also
more difficult to block at gates compared with
British breeds (Tulloh, 1961). Salers will bunch
more tightly when they get scared than Angus
cattle.

Brahman and Brahman-cross cattle are more
prone to display tonic immobility during restraint
(Fraser, 1960; Grandin, 1980a). Brahman-cross
cattle are more likely to lie down in a single-file
race and refuse to move compared with British
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breeds (Grandin, 1980a). Excessive electric
prodding of a submissive Brahman can Kill it,
but it will usually get up if left alone.

Fraser and Broom (1990) stated that an
uninjured downed cow will often get up if its
environment is changed, such as moving it from
inside to outside. Zavy et al. (1992) found that
Hereford x Brahman crosses and Angus X
Brahman crosses had higher cortisol levels dur-
ing restraint in a squeeze chute compared with
Hereford x Angus crosses. Brahman genetics
increased cortisol levels and Angus x Brahman
crosses had the highest levels.

Flight zone

The concept of flight distance was originally
applied to wild ungulates. Hedigar (1968)
states: ‘By intensive treatment, i.e. by means of
intimate and skilled handling of the wild ani-
mals, their flight distance can be made to disap-
pear altogether, so that eventually such animals
allow themselves to be touched. This artificial
removal of flight distance between animals and
man is the result of the process of taming’.

This same principle applies to domestic
cattle and wild ungulates. Extensively raised
wild cows on an Arizona ranch may have a
30 m flight distance, whereas feedlot cattle may
have a flight distance of 1.5-7.61 m (Grandin,
1980a). Cattle with frequent contact with peo-
ple will have a smaller flight distance than cat-
tle that seldom see people. Cattle subjected to
gentle handling will usually have a smaller
flight zone than cattle subjected to abusive
handling.

Excitement will enlarge the flight zone.
Totally tame dairy cattle may have no flight
zone and people can touch them. The edge of
the flight zone can be determined by slowly
walking up to a group of cattle. When the flight
zone is entered, the cattle will start to move
away and, if the person stands still, the cattle will
turn and face the handler, but keep their dis-
tance. When a person re-enters the edge of the
flight zone, the animals will turn around and
move away. When the flight zone of a group of
bulls was invaded by a moving mechanical trol-
ley, the bulls moved away and maintained a
constant distance between themselves and the
moving trolley (Kilgour, 1971). The flight distance

was determined by the size of a piece of card-
board attached to the trolley.

Cattle remain further away from a larger
object (Smith, 1998). When a person approaches
full-face, the flight zone will be larger than when
approaching with a small, sideways profile. The
author has observed that the principle that large
objects are more threatening is even more
apparent in flighty antelope. Tame, hand-reared
pronghorn antelope panicked and hit the fence
of their enclosure when a large, novel object
such as a wheelbarrow was brought into their
pen. They had to be carefully habituated to
each new large object. Small novel objects —
such as coffee cups that had been brought into
their pens — had no effect.

Cattle can be moved most efficiently if the
handler works on the edge of the flight zone
(Grandin, 1980b, 1987). The animals will move
away when the flight zone is penetrated and
stop when the handler retreats. Smith (1998)
explains that the edge of the flight zone is not
distinct and that approaching an animal quickly
will enlarge the flight zone. Excited cattle will
have a larger flight zone, and eye contact with
the animals will also enlarge the flight zone. If a
handler wants an animal to walk past him, he
should look away from it. To make an animal
move forward, the handler should stand in the
shaded area marked A and B in Fig. 4.1 and
stay out of the blind spot at the animal’s rear.

Point of balance

To make an animal move forward, the handler
should stand behind the point of balance at the
shoulder and, to make the animal back up, the
handler should stand in front of the point of bal-
ance (Kilgour and Dalton, 1984). To turn an
animal, start on the edge of the flight zone at the
point of balance and approach the animal’s rear
on an angle (Cote, 2003).

Another principle is that grazing animals,
either singly or in groups, will move forward
when a handler quickly passes the point of bal-
ance at the shoulder in the opposite direction of
desired movement (Grandin, 1998a; Fig. 4.2).
The principle is to move inside the flight zone in
the opposite direction to the desired movement
and outside the flight zone in the same direction
as the desired movement. Use of the movements
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Edge of flight zone

Fig. 4.1.

Path to move animals forward

Blind spot
shaded grey

Handler position
to stop movement

Handler position
to start movement

Point of
balance

Flight zone diagram showing the most effective handler positions for moving an animal forward.

-

-

'//K Squeeze

chute

Point Of%

balance

Cattle will move forward when the handler

passes the point of balance at the shoulder of
each animal. The handler walks in the opposite
direction alongside the single-file race.

Fig. 4.2.

Handler movement pattern to induce cattle to move forward (from Grandin (1998a) In: Gregory,

N.G. (ed.) Animal Welfare and Meat Science, CABI, Wallingford, UK, p. 47.

to induce cattle to enter a squeeze chute makes
it possible to greatly reduce or eliminate electric
prod use (see Fig. 4.2).

When an animal is approached head on, it
will turn right if the handler moves left, and vice
versa (Kilgour and Dalton, 1984). Calm cattle in
crowd pens and other confined areas can be
easily turned by shaking plastic strips on a stick
next to their head (see Fig. 4.3). For example,

when a cow’s vision is blocked on the left side
by the plastic strips, she will turn right. Handlers
should avoid deep penetration of the flight
zone, because this may cause cattle to panic.

If an animal rears up in a race, handlers
should back up to remove themselves from the
animal’s flight zone. Handlers should not attempt
to push a rearing animal down, because deep
penetration of flight zone causes increasing
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Fig. 4.3.
the animal’s head.

panic and attempts to escape. If cattle attempt
to turn back in an alley, the handler should back
up and remove him/herself from deep inside the
flight zone. The angle of approach and the size
of the animal’s enclosure will also affect the size
of the flight zone.

Experiments with sheep indicated that ani-
mals confined in a narrow alley had a smaller
flight zone than animals confined in a wider
alley (Hutson, 1982). Cattle will have a larger
flight zone when they are approached head-on.
A basic principle is that the flight zone is smallest
along the sides of the animal and greatest in
front and behind (Cote, 2003). Extremely tame
cattle are often hard to drive because they no
longer have a flight zone. These animals should
be led. More information on flight zones can be
found in Smith (1998).

Moving large groups

Ward (1958) described the methods used on
the old cattle drives in the USA to move herds of
1000 cattle, in which many people were required
to keep the cattle together. Cattle handling spe-
cialist Bud Williams developed movement pat-
terns for moving and gathering cattle. The author

For turning cattle, plastic streamers on the end of a stick are useful by shaking them alongside

had the opportunity to observe him and
develop these guidelines to teach the principles.

All cattle movements are done at a slow
walk with no yelling. Figure 4.4 shows the han-
dler movement patterns which will keep a herd
moving in an orderly manner. It will work both
along a fence and on an open pasture. If a sin-
gle person is moving cattle, position 2 on
Fig. 4.4 shows the handler movement patterns
which will keep a herd moving in an orderly
manner.

The principle is to alternately penetrate
and withdraw from the flight zone. Continuous
steady pressure will cause the herd to split. As
the herd moves, the handler should keep repeat-
ing the movement pattern. For a more complete
description, refer to Grandin (1990). Ward
(1958) also showed a similar movement pat-
tern. The principle is to move inside the flight
zone in the direction opposite to the desired
movement and to be outside the flight zone in
the same direction as the desired movement.

Figure 4.5 illustrates how to bring the herd
back together if it splits. The handler should not
act like an attacking predator and run around
behind the stragglers to chase them. He/she
should move towards the stragglers while grad-
ually impinging on the collective flight zones and
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stop at the point of balance of the last animal.
After the herd closes up, he/she should walk for-
ward at an angle to gradually decrease pressure
on the collective flight zone.

Gathering cattle on pasture

Wild and semi-wild cattle can be easily gathered
on pasture by inducing their natural behaviour
to loosely bunch. Figure 4.6 shows a ‘wind-
screen wiper’ pattern, where the handler walks
on the edge of the group’s collective flight zone.
The handler moves at a slow walk and must be
careful not to circle around the animals. The
handler must also resist the urge to chase strag-
glers. When the bunching instinct is triggered,
the herd will come together and the stragglers
will join the other cattle.

Care must be taken to be quiet and keep
the animals moving at a walk. The principle is to
induce bunching before any attempt is made to
move the herd. The animals will move towards
the pivotal point of the ‘windscreen wipers’. If
too much pressure is applied to the collective
flight zone prior to bunching, the herd will scat-
ter. More information can be found in Grandin
(1998b), Smith (1998) and Ruechel (2006).
This method will not work on completely tame
animals with little or no flight zone. Leading is
often the best way to move really tame cattle,
and it is very non-stressful.

Why does it work?

The author speculates that the behavioural prin-
ciples of moving cattle and other ungulates are

Direction of desired movement

Repeat zigzag ,»*
pattern _.*

Starting point \

Fig. 4.6.

Handler
movement in
shaded area

makes the whole
group move
forward

Stopping slightly
past the point of
balance of an
outlying animal
causes the herd to
narrow and move
in the desired
direction

Handler movement pattern to induce bunching for gathering cattle. The handler must zigzag back

and forth to keep the herd heading straight. Imagine that the leaders are the pivot point of the ‘windscreen
wiper’” and the handler is out on the end of the blade, sweeping back and forth. As the herd narrows and
gets good forward movement, the width of the handler’s zigzag narrows.
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based on innate, instinctual, anti-predator
behaviours (Grandin, 1998c). There appear to
be four basic behaviours: (i) turn and orient
towards a novel stimulus, but keep a safe dis-
tance; (ii) point of balance; (iii) loose bunching;
and (iv) milling and circling. The study of many
nature programmes on television has indicated
that the point-of-balance principle enables an
animal to escape a chasing predator.

Cattle bunching behaviour appears to be
less intense compared to that in sheep: sheep
have extreme bunching behaviour compared to
cattle. A flock of sheep will often immediately
bunch when they see a dog. Inducing bunching
activates a mild anxiety, and the high stress of
behaviour (iv) should be avoided. The least
stressful handling procedure would be entirely
voluntary.

Smith (1998) states that there is no black-
and-white dividing line between herding, lead-
ing and training. It is likely that cows gathered
with the ‘windscreen wiper’ method may have
slight anxiety at first, but then become com-
pletely trained and have diminishing anxiety.
Bud Williams, cattle-handling specialist, recom-
mends using a straight zigzag motion, instead of
the slight curve in the ‘windscreen wiper’ pat-
tern. The handler must not circle around the
cattle and the arc should be very slight.

The principle is to work in a straight line
perpendicular from the direction one wants to
go (Dylan Biggs, personal communication, 2006).
Using these movement patterns probably trig-
gers an instinct to bunch, similar to the behav-
iour of cattle in bear country, where they graze
in tighter bunches.

Training cattle to trust people during
herding on the range

Bud Williams has further developed his herding
methods so that they no are longer dependent
on triggering hard-wired, instinctual behaviour
patterns. Cote (2003) has written a book that
explains these methods. The principle is to train
animals to calmly respond to pressure on the
flight zone in a controlled manner. It is a process
of training them to move quietly rather than just
habituation. Cattle that are calm and trust the
handler will move straight and not attempt to
circle around and look at that person.

This instinctual behaviour is overridden by
trust and learning. Do not work in the blind
spot — cattle will turn if they cannot see the han-
dler. All handler movements are done at a walk.
The three main principles are:

e Never apply pressure to the flight zone
when an animal is doing what you want.
Release pressure when animals move.
Reapply pressure only when the cattle slow
down.

Working in corrals

Figure 4.7 illustrates the correct positions for
emptying a pen and sorting cattle out through a
gate (Smith, 1998). The diagram shows the
movements for stopping an animal from going
out of a gate. Eye contact can be used to hold
back animals. The handler should avert his/her
eyes away from animals sorted out of the gate.
When a pen is emptied, the handler should
avoid chasing the cattle out. They should move
past the handler at a controlled rate, so that they
learn that the handler controls their movements.
Rancher Darol Dickinson states that you
need to train cattle (McDonald, 1981). Addi-
tional methods for moving and loading cattle
are shown in McDonald (1981). One of the
most common mistakes is to place too many
cattle in a crowd (forcing) pen that leads to a
single-file race. An overloaded crowd pen causes
problems because the cattle do not have room
to turn. For best results fill the crowd pen half-
full. To utilize natural following behaviour, han-
dlers should wait for the single-file race to become
almost empty before refilling it (Grandin, 1980a).
Many handlers overuse and sometimes
abuse electric prods and other persuaders. Elec-
tric prods must never be used as a person’s pri-
mary driving tool. People should not constantly
carry electric prods and the only place they may
be needed is at the entrance to the squeeze
chute. After the electric prod is used to move a
stubborn animal, it should be put away. If tail
twisting is used to move cattle through a race,
pressure on the tail should be instantly released
when the cow moves. Breeding cattle quickly
learn that they can avoid having their tails
twisted if they move promptly when the tail is
touched. Gentle tail twisting is less aversive than
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Fig. 4.7. Handler movement patterns for turning

an animal back when sorting out a gate (from Smith,
1998).

shouting or use of an electric prod (Pajor et al.,
2003).

Handlers should wait until the tailgate of
the squeeze chute is open before initiating the
movement patterns shown in Fig. 4.2. If the
movement pattern fails on the first attempt,
walking past the point of balance a second time
will often work. At ranches and feedlots, over
90% of the cattle should enter the squeeze chute
with no electric prod. Animals learn to associate

the sound of a prod buzzing with the shock
(Croney et al., 2000). If one animal baulks,
uncooperative behaviour will spread to other
cattle. Harger (1928) discusses how one hysteri-
cal animal can have a negative influence on the
rest of the group.

Cattle are herd animals and they become
stressed and upset when they are isolated from
their herd mates (Ewbank, 1968). Isolated lone
animals that have panicked cause many injuries
to both people and cattle. To move a frantic ani-
mal some other cattle should be put in with it.
Often, the animals most difficult to handle are
the last ones in a group to move through a race
(Orihuela and Solano, 1994).

Leaders

The natural following behaviour of cattle can be
used to facilitate cattle movements. On the old
cattle drives in the USA, the value of leaders
was recognized. The same leaders would lead a
herd of 1000 cattle every day (Harger, 1928). A
good leader is usually a sociable cow and is not
the most dominant animal. Smith (1998) con-
tains excellent information on the effect of social
behaviour on handling.

Excitable, nervous animals that became
leaders were usually destroyed and calm lead-
ers were kept (Harger, 1928). If the cattle herd
refused to cross a bridge or brook, a calf would
be roped and dragged across to encourage the
other cattle to follow (Ward, 1958). In Australia,
a herd of tame ‘coacher’ cattle is used to assist
in gathering wild feral cattle (Roche, 1988), and
similar methods have also been used with wild
horses (Amaral, 1977).

Fordyce (1987) also recommends mixing a
few quiet, old steers in with B. indicus calves to
facilitate training to handling procedures.
Dumont et al. (2005) found that to determine
which animal is the true leader one should
observe spontaneous long-distance movements
to a new feeding site. The leader cannot be
determined by watching cattle slowly graze
through a field.

Cattle reared under extensive conditions
can easily be trained to come when called: the
animals learn to associate a vehicle horn with
feed (Hasker and Hirst, 1987). In the northern
USA, when snow is on the ground cattle will
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come running when they see the hay truck.
However, cattle can become a nuisance by
chasing a truck for feed, so the animals should
be trained to associate the vehicle horn with
feed, then the truck can be driven in a pasture
without the animals running after it. Young
calves are less likely to become stressed and
separated from their mother if their mothers
have learned not to constantly chase trucks.

More and more ranchers are adopting
intensive grazing systems where cattle are
switched to new pasture every few days
(Savory, 1978; Smith et al., 1986). The cows
quickly learn to make the switch, but calves are
sometimes stressed when the cows rapidly run
into the new pasture and leave them behind. To
avoid calf stress, handlers should either stand
near the gate of the new pasture and make the
cows walk by them at a controlled rate or lead
them slowly into the pasture.

Intensive grazing without fences

There is increasing interest in practising inten-
sive grazing methods without the expense of
fences. Herding methods are being used to
keep cattle bunched and to move them to differ-
ent grazing areas. When cows and calves are
moved, it is important to move them slowly so
that the calves do not become separated from
the cows. On long moves the animals should
have time to graze. One of the big problems is
that some cattle are ‘bunch quitters’ and do not
want to stay with the herd (Nation, 1998).
‘Bunch quitters’ are most likely to be high-
headed, nervous cows.

Selling the ‘bunch-quitting’ cow is often the
best option. Herding works best with uniform
groups of cattle that have all been raised on the
same ranch. Bunch-quitters are likely to be a
problem in cows obtained from several different
ranches. The principle of herding without fences
is to relieve pressure on the collective flight zone
when cows stay where you want them and
apply pressure when they go where you do not
want them to.

Herders have to spend many hours with
their herds and have lots of patience. Low-stress
herding is most difficult with older cows from
several different ranches that have had com-
pletely different previous experiences with herding

and handling (Nation, 1999). More information
on pasture herding can be found in Biggs and
Biggs (1996, 1997), Herman (1998), Nation
(1998), Smith (1998), Williams (1998) and
Lanier and Smith (20064, b).

Genetic and maternal effects on
grazing behaviour

Bailey (2004), a grazing specialist in Montana,
suggests a combination of herding and other
methods to encourage cattle to stay in a new
location after they have been moved. When
cows with calves are moved long distances, the
move should be timed so that they arrive at
their destination in the late afternoon when it is
time for the calves to bed down. This will
encourage the cows to stay in the new location.
Tasty supplements placed in the pasture also
encourage cows to stay.

Some cattle prefer to graze on the low
flatlands and others prefer hills (Bailey et al.,
2004, 2005; Rook et al., 2004). Terrain prefer-
ence may be inherited. Within a breed of cattle,
the sire had a significant effect on terrain prefer-
ence. Breeds developed in the mountains tend
to prefer grazing on the hills, but there is also a
lot of variation within a breed. Cows sired by
Piedmontese bulls, a breed developed in the
mountains, preferred steeper rougher terrain
than cows sired by Angus bulls, a breed origi-
nating from the lowlands (Van Wagoner et al.,
2006).

Keeping animals in the right place will be
easier if the animal has a preference for the type
of terrain you want it on. To determine the ter-
rain preference for a cow, check her location at
7:00 in the morning (Bailey, 2004).

Learning also has a huge effect on grazing
behaviour. Livestock prefer the feeds that they
ate with their mother when they were little
(Provenza, 2003). Bringing adult cows to an
area that has unfamiliar feeds can cause big
problems. When replacement animals are pur-
chased they should come from areas that have
similar pastures (Nation, 2003). Calves can be
taught to eat a new feed in the future by feeding
it to both the cow and the calf. Cattle that are
being brought in from a different part of the
country can be taught as calves to eat feeds they
will encounter when they grow up.
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Herding by pastoral people

The herding methods described in the last sec-
tion are a relearning of old pastoral herding
methods that have been used for thousands of
years. In all of these methods, a great deal of time
is spent with the animals. Norwegian reindeer
herders are in close contact with their animals
and the animals associate the smells and noises
of camp with serenity (Paine, 1994). The Fulani
African tribesmen have no horses, ropes, halters
or corrals (Lott and Hart, 1977): their cattle are
completely tame and have no flight zone.
Instead of chasing the cattle, the herdsman
becomes a member of the herd and the cattle
follow him (Lott and Hart, 1979).

Bos indicus cattle have a much stronger
following instinct than B. taurus. Observations
by the author indicate that tame, pure-bred
Brahmans are difficult to drive and they will
often follow a person or a trained lead animal.
In Australia they have been trained to follow
lead dogs. The nomadic Fulani tribesmen use
the animals’ natural following, dominance, sub-
mission and grooming behaviour to control
their overall behaviour. If a bull makes a broad-
side threat, the herdsman yells and raises a
stick. The herdsman charges at the bull and hits
it with a stick if it attempts a charge.

Similar methods have also been used suc-
cessfully in other species. Raising a stick over
the handler’s head has been used to exert domi-
nance over bull elk (B. Williams, personal com-
munication; Smith, 1998). The stick is never
used to hit the bull elk.

The author has used similar methods to
control aggressive pigs that exert dominance by
biting and pushing against the other pig’s neck
(Houpt and Wolski, 1982). The aggressive
behaviour was stopped by shoving a board
against the pig’s neck to simulate the bite of
another pig. Using the animal’s natural method
of communication was more effective than slap-
ping it on the rear. Exerting dominance is not
beating an animal into submission: the handler
uses the animal’s own behavioural patterns to
become the ‘boss’ animal.

The aversion cattle have for manure can be
used to keep them away from crops, by smear-
ing the borders of a field with faeces (Lott and
Hart, 1982). Manure is also smeared on the
cow’s udder to limit milk intake by the calf. The

Fulani stroke their cattle in the same areas
where a mother cow licks her calf (Lott and
Hart, 1979), so adult cattle will approach and
stretch out their necks to be stroked under the
chin (Lott and Hart, 1982).

Similar methods are used at the J.D.
Hudgins Ranch in Hungerford, Texas, and at
the J. Carter Thomas Ranch in Cuero, Texas.
Pure-bred Brahmans are led to the corrals and
will eat out of the rancher’s hand. Cows and
bulls in the pasture will come up to Mr Thomas
for stroking and brushing (Julian, 1978).

Small herds of zebu cattle raised in the
Philippines have no flight zone and they are
easily led by small children. The author’s obser-
vations indicate that taming cross-breeds of
Brahman and B. taurus is more difficult. This
may be partially due to a lower level of inquisi-
tiveness, desire for stroking and following
behaviour. The cattle-herding methods of the
Fulani are also practised by other African tribes
such as the Dinka (Deng, 1972; Schwabe and
Gordon, 1988) and the Nuer (Evans-Pritchard,
1940). The less nomadic tribes do use corrals
and tethers, but the cattle are still completely
tame with no flight zone. Surplus bulls are cas-
trated and kept as steers by all tribes.

The cattle-handling practices of African tribes
date back to before the great dynasties of Egypt
(Schwabe, 1985; Schwabe and Gordon, 1988). It
is also noteworthy that the religion of the Nuer
and Dinka tribes centres around cattle (Seligman
and Seligman, 1932; Evans-Pritchard, 1940).
One factor which makes African tribal handling
methods successful is that relatively small herds
are handled and each tribe has many herdsmen.
Therefore, each herdsman has time to develop an
intimate relationship with each animal.

Bull behaviour

Dairy bulls have a bad reputation for attacking
humans, possibly due to the differences in the
way beef bulls and dairy bulls are raised. Bulls
are responsible for about half of the fatal acci-
dents with cattle (Drudi, 2000). Dairy bull calves
are often removed from the cow shortly after
birth and raised in individual pens, whereas
beef bull calves are reared by the cow.

Price and Wallach (1990) found that 75%
of Hereford bulls reared in individual pens from
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1-3 days of age threatened or attacked the han-
dlers, whereas only 11% threatened handlers
when they were hand-reared in groups. These
authors also report that they have handled over
1000 dam-reared bulls and have experienced
only one attack. Bull calves that are hand-reared
in individual pens may fail to develop normal
social relations with other animals, and they pos-
sibly view humans as a sexual rival (Reinken,
1988).

Both dairy and beef breed bulls will be safer
if bull calves are raised on a cow and kept in
groups with other cattle. This provides socializa-
tion with their own species and they will be less
likely to direct attacks towards people. Similar
aggression problems have also been reported in
hand-reared male llamas (Tillman, 1981). Fortu-
nately, hand-rearing does not cause aggression
problems in females or castrated animals: it will
make these animals easier to handle. More infor-
mation on bulls can be found in Smith (1998).

Conclusions

Cattle are animals that fear novelty and become
accustomed to a routine. They have a good
memory and animals with previous experience
of gentle handling will be easier to handle than
animals with a history of rough handling. Both
genetic factors and experience influence how
cattle will react to handling.

An understanding of natural behaviour
patterns will facilitate handling. Handlers who
use the movement diagrams in this chapter will
be able to move both large and small groups of
cattle safely and quietly.

To reduce stress, progressive producers
should work with their animals to habituate
them to a variety of quiet handling methods
such as people on foot, riders on horses and
vehicles. Training animals to accept new experi-
ences will reduce stress when animals are
moved to a new location.
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Introduction

What more can be learned about handling cat-
tle? Our relationship with domestic cattle dates
back approximately 10,000 years (Hanotte et al.,
2002). There is evidence that our ancestors had
a good understanding of the general factors that
influence animal movement. Pictographs on
Egyptian tombs, for example, depict herdsmen
driving and leading cattle across the croco-
dile-infested Nile River — certainly no easy task —
by taking advantage of the maternal instinct of a
cow to follow her calf, and the instinct of cattle
to follow one another (see Fig. 5.1).

So even as far back as the ancient Egyptians,
people knew how to take advantage of natural
behaviour to herd and stimulate movement. A
modern-day sceptic might even claim that there
is nothing new to be learned about cattle behav-
iour. However, just as the study of ruminant
nutrition has been able to tease apart factors
that influence forage quality and digestibility,
modern behavioural studies have been able to
dissect the factors that influence an animal’s
response to handling.

Genetics, previous experience, the internal
motivation of an animal and the surrounding
external stimuli all interact to influence an ani-
mal’s behaviour. The challenge for ethologists
has been to determine the relative influence of
these various factors on the behaviour we
observe in cattle.

Assessment of Behaviour using
Movement-measuring Devices

Several researchers have subjectively scored
temperament of cattle during their movement
through a chute (race) system or during their
restraint in a headgate (Tulloh, 1961; Holmes
et al., 1972; Heisler, 1979). Subjective scores
have been useful in determining the genetic
heritability of temperament (Stricklin et al.,
1980, pp. 44-48) as it relates to handling. While
the scoring is subjective, it still requires an
observer to calculate mentally the animal’s level
of excitement, by taking into account the relative
amount of movement and agitation displayed.

However, in experimental work, subjective
scores are susceptible to inadvertent observer
effects that may compromise their reliability (Lehner,
1996). Arguably, a better way to record an ani-
mal’s response to handling is to quantify objec-
tively the amount of movement an animal makes
while exposed to various stimuli. Indirectly, an
electronic scale can serve this purpose, since the
voltage output from the load cells will vary as the
animal moves on the scale platform.

Stookey et al. (1994) used a ‘movement-
measuring device’ (MMD) to collect analogue
signals from the load cells of an electronic ani-
mal scale. This showed that cattle stood more
calmly within sight of a conspecific compared
with visually isolated animals. The same device
(along with heart rate measurements) was used
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Fig. 5.1. Egyptian tomb pictograph depicting the annual movement of cattle herds returning to the Nile
valley from the lush Delta region where they had previously been pastured (courtesy of Linda Evans,
Department of Ancient History, Macquarie University, Sydney, Australia).

to show that cattle were calmer when exposed
to their mirror image compared with cattle in
isolation (Piller et al., 1999). Both studies
showed that cattle are calmer in the presence of
their conspecifics. Moreover, the tools used to
quantify these responses have also been used to
evaluate the importance of other visual, audi-
tory or olfactory cues that may influence an
animal’s response to handling.

Responses to Human Beings
The human voice

Waynert et al. (1999) recorded heart rate and
MMD values to compare the response of British
x Continental (Bos taurus) cattle exposed to two
categories of sounds that are typically present
during handling: namely, the vocalizations of
humans urging animals to move forward and
the noise from metal gates and sides clanging and
banging. Not surprisingly, cattle tested individually
moved more on the electronic scale and had ele-
vated heart rates when exposed to the recordings
of both types of handling noises combined, com-
pared with cattle exposed to silence.

To determine the contribution of each specific
type of noise to the animal’s response, Waynert
et al. (1999) conducted a second experiment using
another group of animals. In this experiment,

50% of the animals were exposed to the sounds of
human vocalizations and the other 50% were
exposed only to the chute-banging sounds. Both
sounds were adjusted in a studio recording so
that they could be played back at the same vol-
ume in decibels. The cattle exposed to the human
vocalizations were more agitated, based on
heart rate and MMD values, compared with cattle
exposed to the sounds of clanging metal. It is an
interesting finding and suggests that humans
play a significant role — not just in their physical
visual presence — but also in their vocalizations, in
the response of cattle to handling.

In another study, at the Western College of
Veterinary Medicine (Clavelle et al., unpublished),
researchers attempted to determine whether it was
the sound of human vocalizations per se that were
unsettling to cattle or whether it was the intent
on the part of handlers to use their voice in stim-
ulating cattle movement. Pairs of voice recordings
were made by several handlers, including men and
women. In the first recordings of each pair, han-
dlers attempted to reproduce the tone of voice they
would employ to urge cattle to move, and such
vocal invective as each individual customarily used.

In the second recordings, each person
uttered the same sequence of vocal expressions
but in an even, neutral tone of voice, as though
he or she was completely indifferent as to
whether the animal moved or not. When these
pairs of recordings were played to cattle, their
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overall heart rate and movement responses to
the first type of recording were not significantly
different from their responses to the second
type. Put another way, it does not appear to
matter to the animals whether a person uses
vocal expression to make them move, or simply
talks in their presence. In either situation the
sound of the human voice can be inherently
upsetting to cattle that are not habituated to it.

Handling

Mainly through the work and writings of Temple
Grandin, many cattle producers now appreciate
that the sight of humans can have a pronounced
effect on cattle during handling. Hence, the com-
mon recommendation today is to construct han-
dling facilities with solid sides in order to prevent
cattle from inadvertently glimpsing people
(Grandin, 1980, 1997). Lay et al. (1992) showed
the benefits of using a dark ‘breeding box’ during
the artificial insemination of cattle, perhaps
because the box helped eliminate the sight of
people (see figures in Chapter 7, this volume).

It is commonly believed that solid walls
facilitate movement of cattle through the chute
by helping them focus on the only way out and
by removing the human factor. Observations in
slaughter plants indicate that adding solid sides
to prevent cattle from seeing vehicles, convey-
ors and other moving objects greatly improves
the movement of cattle through the chutes
(Grandin, 1996). Most solid-sided handling sys-
tems incorporate a catwalk on the side of the
chute. People can remain out of sight while off
the catwalk or ‘appear’ on the catwalk only when
cattle require encouragement to move through
the system. Cattle should theoretically remain
calmer during handling if they are unable to see
people. Unfortunately, the location where humans
are closest and most visible to the cattle is in the
front of the chute complex, where cattle are
caught and restrained in a head gate.

One way of removing the sight of humans
at the front is to blindfold the cattle during
restraint. Andrade et al. (2001) reported that
blindfolded cattle had lower heart rates and
vielded lower temperament scores during a
3-min period of restraint compared with controls.
Mitchell et al. (2004) reported similar findings,
but replaced temperament scoring with an

objective method of quantifying the animal’s
struggle while it was restrained. Strain gauges
were attached to the head gate (as described by
Schwartzkopf-Genswein et al., 1997) to mea-
sure the exertion force cattle applied against it
and found that blindfolded cattle struggled less
compared with controls.

Blindfolding cattle during restraint may not
be practical during routine procedures that are
relatively quick, such as vaccination, ear tag-
ging, etc., but may have application for proce-
dures requiring longer periods of restraint, such
as during calving or surgical procedures. How
one applies blindfolds in a quick and ergonomic
manner deserves some thought, especially if
one wishes to use the technique during the pro-
cessing of large numbers of animals. Mitchell
et al. (2004) blindfolded their cattle using a dark
towel tucked under a rope halter.

The use of solid sides and curved chutes
has swept through the cattle industry as useful
and necessary design features that facilitate cat-
tle movement through chute complexes in slaugh-
ter facilities, auction markets and feedlots. These
systems work very well with low-skilled labour
and in areas where there are many distractions
outside the facility such as vehicles, people
walking by and objects with high visual contrast.

However, there are advocates who claim
that open-sided and straight chutes offer distinct
advantages under extensive pasture conditions
where there are few disturbances outside the
chute and where handlers have a keen under-
standing of cattle behaviour.

North American cattle handlers Bud Williams
(2006) and Dylan Biggs (2006) offer workshops
for producers and teach low-stress handling tech-
niques. Both instructors demonstrate in their
workshops that the positioning of humans is more
critical in gaining proper movement of cattle than
facility design. Design is less important when
highly skilled people who understand behaviour
are handling cattle (see Chapter 4, this volume).
For example, the rapid movement of humans
passing very close to the cattle in the opposite
direction (moving from the front towards the back
of a group or line of animals) actually speeds up
the movement of cattle past the handler, and is
more effective than pushing cattle from the rear
(see Fig. 5.2). Also, by allowing cattle the opportu-
nity to see through the sides, Williams and Biggs
claim that people can apply or release pressure on
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Fig. 5.2.

Diagram showing the movement pattern used by a handler to facilitate forward movement

of animals through a gate, by repeatedly moving past the group against the desired direction of movement

(adapted from Biggs, 2006).

the cattle by their positioning much more sensi-
tively than if walls are solid.

With solid walls, people on catwalks are
physically unable to adjust their proximity to the
cattle other than being completely off the cat-
walk and out of sight, or on the catwalk in close
proximity. Another good system is to make one
wall of the single file race solid and the other
open, but only on the top half. This eliminates
the catwalk and the cattle can respond to the
position of people on the ground. For nervous
cattle (i.e. those with a wilder temperament and
a bigger flight zone) humans on catwalks can be
too close and can apply too much pressure.
This can cause animals to panic and increases
the risk of serious injury. Of course, the disad-
vantage of open sides is the potential distraction
of other people or objects outside the chute that
negatively influence movement.

Experimental Testing of Cattle
Movement

Our research group initiated a study to see if we
could combine the best of both principles by
allowing cattle to have a greater view of what
lies ahead of them, but block their immediate
side view of the facility (Stookey et al., unpub-
lished data). A group of cattle, naive to the facil-
ity, were tested once individually to determine
their choice between alternative paths leading
out of a simple Y-maze. The arms consisted of
two identical curved chutes branching off in
opposite directions at a 30° angle from the
junction of the straight arm (see Fig. 5.3). At the
junction of the Y it was impossible for the ani-
mal to see the exits at the end of each arm of
the maze.
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Fig. 5.3.

Diagram of Y-maze used to test preference of cattle for varying visual conditions. The chute walls

contained overlapping ‘louvres’ that could be opened or closed: these are located in a 2.77 m section of

the outer fence starting at the junction of the Y.

During each test one curved arm had verti-
cal overlapping slats positioned in the open
condition within the outside wall. The slats
offered the impression of an opening in the out-
side wall ahead of the animal, while the wall
directly beside the animal appeared solid. The
opposite arm of the Y-maze had all the slats in
the closed position. The arms of the maze with the
open and closed slats were randomly assigned,
but balanced over the course of the trial.

Animals were free to exit the maze on their
own initiative and no humans were visible during
their ‘choice’. Both exit arms of the maze were
raked between test animals to reduce the risk of
cues left by the previous animal. No other animal
or human was visible to the test animal while it
made its choice. Thirty-eight of 57 cattle exited via
the arm with open slats (y* = 6.366, P < 0.02).

The same Y-maze was used to test other
visual conditions that were thought to influence
or facilitate movement. In the second experi-
ment, another group of cattle was used to deter-
mine the effects of overhead lighting. Twenty-
four of 27 cattle exited via the lit arm
(x2=17.77, P < 0.001) when the starting posi-
tion in the straight arm was also lit. When the
starting position in the straight arm was dark, 18
of 22 cattle exited via the lit arm (x2 = 11.88,

P < 0.01). Overall, 42 of 49 cattle (86%) exited
via a lit arm (P < 0.001), proving that cattle
have a very strong preference for moving
through a lighted facility.

In a third experiment, we offered cattle
choices between different-coloured interior walls of
the chute. One arm of the Y-maze was fitted with
light beige-coloured interior walls, while the walls of
the opposite arm were dark brown. The interior
walls were interchangeable. When the starting
position in the straight arm was dark brown, only
13 of 22 cattle exited via the lighter-coloured
beige arm. Nine of 20 exited via the beige arm
when the starting position was also beige. Nei-
ther of the results differed from random chance.

From this series of experiments we deter-
mined that movement of cattle through a chute
complex may be facilitated by the use of verti-
cally slatted openings along the outside wall of a
curved chute and with the use of lights, but the
relative shade (light versus dark) of the chute
walls may not be important.

Moving the Herd

Not all handling and movement of cattle occurs
within a chute complex. Cattle are also moved,
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sorted or regrouped for a variety of reasons.
The art of herding cattle and moving cattle in
extensive environments has become the subject
of popular workshops for cattle producers in
North America (Biggs, 2006; Williams, 2006).
Many of the techniques taught are somewhat
counterintuitive. For example, driving cattle
directly from the rear of the herd by pushing
straight into them in the desired direction of
movement will inevitably cause the leaders of
the group to turn to one side, in their attempt to
keep the humans in their view.

To drive cattle in a straight line, a more
effective method is for the herder to move back
and forth, all the way across the rear of the herd
and out beyond the herd edges, perpendicular
to the intended direction of movement, so that
animals on either side of the herd will see the
person and turn back into the herd and not veer
off left or right.

The workshops teach producers how to ini-
tiate cattle movement, control the direction of a
herd, and speed them up or slow them down in
a calm manner by using what have been called
‘low-stress handling techniques’. These tech-
niques focus on proper positioning, understand-
ing cattle behaviour and the application of
‘pressure and release’ to generate cattle move-
ment without unnecessary fear and stress.

Many people fail to appreciate that the
movement of a few animals can stimulate others
to follow. Therefore, when trying to empty an
entire pen of animals, a person can be success-
ful by gently nudging just a few animals through
the opening and then standing back to let the
leaders draw out the rest of the group. Often,
people mistakenly assume that they must posi-
tion themselves behind the entire group to
empty a pen or pasture; sometimes, that posi-
tioning serves only to draw attention away from
the opening and back on to themselves.

Some people also tend to apply more and
more pressure as the cattle come closer to their
destination or gate opening, as if trying to close
the sides of an invisible net. Such pressure inad-
vertently communicates to the cattle that they
are moving into a worse destination than they
are leaving, causing them to have a stronger
urge to turn back and try to escape the pressure.
Low-stress handling techniques teach producers
to ‘reward’ cattle for moving in the right direc-
tion by releasing pressure. The same principles

work when working cattle through a chute or up
a loading ramp. If cattle are moving in the right
direction, one should release the pressure.

It is important to appreciate that the responses
of cattle to any particular handling situation are
inherently plastic. That is to say, their behaviour
in response to a particular set of stimuli is likely
to alter with experience due to active learning
processes. Knowledgeable handlers can exploit
the learning abilities of cattle to shape their
behaviour. This can make subsequent handling
easier and less stressful for both animals and
people.

Learning Responses to
Handling by Cattle

A simple example is the correct use of tail-twist-
ing to move cattle in a chute. This is not a desir-
able form of pressure to apply routinely to an
animal, since it undoubtedly causes some pain
and may cause injury if done too enthusiasti-
cally. However, inevitably, some animals that
are unwilling to move, either due to fear — or,
paradoxically because of over-habituation to
people, in other words a lack of fear — will require
additional pressure to stimulate movement.

Tail-twisting is properly used as a form of
negative reinforcement. Gentle bending force is
applied to the vertebrae in the tail, causing dis-
comfort. Any forward movement by the animal,
even a tiny amount, should be rewarded by
releasing the force instantly. If this is done sensi-
tively, the animal will learn — within two or three
applications — that escaping the painful stimulus
is a consequence of its own behaviour of mov-
ing forward. In effect, the handler has taught the
animal what is required of it. On subsequent
occasions, the handler may only have to gently
touch the tail to remind the animal that
movement is needed.

The mistake made by many handlers when
applying painful stimuli to produce movement
(and this also applies to the use of electric
prods) is failing to release the stimulus when the
desired behaviour occurs. It is tempting to
believe that if a little tail-twist causes movement,
then prolonged and harder tail twisting should
produce more movement. In fact, this is coun-
terproductive and will ultimately make animals
harder to move. It is not the pain — but rather it
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is the rewarding consequence of the animal’s
action in escaping or avoiding the pain — that
causes it to repeat the behaviour of moving.

The above example illustrates how, in
handling situations, animals learn associations
between their own actions and the conse-
quences they produce. It is also possible for
them to mistakenly associate a rewarding out-
come with the behaviour they were performing
immediately before, when the actual events are
causally unrelated. As a consequence, they are
more likely to repeat the same actions on subse-
quent occasions. In the psychological literature
this type of behaviour is sometimes called
‘superstitious’ (Skinner, 1948).

In a recent experiment (unpublished), we
tried to determine whether this kind of mistaken
attribution could be exploited to help make
cattle-handling easier or safer. Cattle released
from a headgate may attribute their release to
what they were doing immediately before. Thus,
an animal that was struggling when released
might learn to struggle more during subsequent
restraint. Similarly, an animal that was relatively
motionless prior to release might try to repro-
duce this state on a subsequent occasion to
bring about release.

In this experiment, we handled beef heifers
for 4 consecutive days by restraining them in a
headgate fitted with electronic strain gauges, and
releasing them only when a specific behavioural
criterion had been met. Half of the animals we
tried to make calmer during restraint, by releas-
ing them from the headgate only when they had
exhibited a period of calm, motionless behav-
iour. The other half of the group we tried to
make wilder, by only releasing them when they
showed a period of violent, struggling behaviour.

The animals in the struggling group pro-
duced the desired behaviour faster each con-
secutive day, suggesting that they had learned
that this behaviour earned them their release.
The calm group did not learn as quickly. On the
fifth day, the animals were restrained for an
extra period of 30 s while we measured the
strain forces, and compared them with those
recorded on the first day. Both the calm and
struggle treatments exerted less force than at the
beginning of the experiment.

We concluded that the behaviour of restra-
ined cattle can indeed be influenced by appro-
priately timing their release from the headgate.

However, it seems that cattle may learn to strug-
gle to obtain release more readily than they
learn to remain calm. By releasing cattle only
when they are calm, handlers can at least avoid
inadvertently training the animals to struggle
more during restraint.

Minimizing the Stress Associated with
Sorting and Weaning Beef Cattle

Usually, the purpose or goal of handling cattle is
to complete a necessary chore that may in itself
be stressful (i.e. routine procedures such as cas-
tration, dehorning, branding, vaccination or
implanting). Much has been written on the pain
and stress associated with these procedures and
will not be the subject of discussion here. How-
ever, one handling procedure that does result in
considerable stress to cattle is the separation
and sorting of cows and calves from each other
for weaning. The entire procedure is stressful,
partly because of the immediate stress associ-
ated with handling and sorting, but also because
of the breaking of the maternal offspring bond
over several days.

One way of minimizing the stress of sorting
cows from calves has been developed in Australia
under extensive range conditions. Over the
course of 24 h, calves and cows can be auto-
matically sorted and separated from each other
during their visit to a watering station. The
watering location is surrounded by a fence
where cows and calves enter and exit the area
daily through the use of one-way spear gates
(see Fig. 5.4). On the day of separation, the
calves’ entrance is fitted with a one-way spear
gate to prevent calves from exiting. As the
calves enter the watering area they are diverted
into a separate pen without an exit. This system
allows the cattle to be separated automatically
without humans being present.

While weaning is a natural phenomenon,
the procedure is typically forced on to cattle at
an earlier stage than they would wean naturally.
This should more accurately be referred to as
artificial weaning. Artificially weaning cows and
calves by abrupt separation is perhaps the
greatest psychological stressor imposed on beef
cattle during their lifetime (Stookey and Watts,
2004). We know artificial weaning, or abrupt
separation, is stressful because of the associated
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View A

View B

Fig. 5.4. Photographs of Australian cow—calf
separator placed around water location to capture
and sort calves from cows. To enter the watering
area, cows learn to push open the swinging gate
shown at lower left of View B, while calves avoid
the cow gate and slip through the smaller opening.
The spear gate exit can be seen at left in View A
and at right in View B. On capture days, a one-way
spear gate is attached to the calf entrance to prevent
them from leaving the watering area, and a portable
fence divides the cow and calf entrances such that
calves are diverted and trapped in a pen separate
from adults (Photographs compliments of C.
Petherick, Department of Primary Industries &
Fisheries, Queensland, Australia).

increases in cortisol, setback in weight gain,
increases in morbidity and significant changes
in behaviour. Increased vocalization, decreased
feeding, decreased time spent lying and increased
walking are some of the main behavioural
changes that persist for 3-5 days after separation.

One social consequence of artificial wean-
ing is that, following separation from their dams,
calves are placed in a situation where no adult
cattle are present. Some researchers have
attempted to minimize the stress of weaning on
calves by adding adult ‘trainer’ cows into the
pens of newly weaned calves. This idea has
had, at best, minimal success (Gibb et al., 2000;
Loerch and Fluharty, 2000).

One possible explanation for this poor out-
come may have been that the adult cattle were
unfamiliar with the newly weaned calves in both
of these studies. However, using a cross-over
design whereby cows were split into two groups
and given each other’s calves, Nicol (1977)
could not show an improvement in weight gain
compared to the traditional method of abrupt
separation, suggesting that calves treated this
way were equally stressed. Apparently, newly
weaned or separated cows and calves can not
be pacified by the presence of any other cattle,
unfamiliar or familiar.

Low-stress weaning methods

Therefore, minimizing the stress of weaning
would seem to hinge on allowing some contact
between cow and calf until the dependency is
over. One obvious solution is fenceline wean-
ing, first described by Nicol (1977). Fenceline
weaning prevents nursing, but may allow some
physical contact depending upon the structure
of the fence. Most importantly, fenceline wean-
ing provides visual and auditory contact
between separated pairs. The technique has
been successfully used in horses (McCall et al.,
1985), elk (Haigh et al., 1997) and beef cattle
(Stookey et al., 1997; Price et al., 2003).
Fenceline-weaned calves gained more weight
than abruptly separated controls during the first
week following weaning, and were still heavier
than traditionally weaned calves after 10 weeks
(Price et al., 2003).

Most recently, Haley et al. (2005) found
that by weaning in two stages, first by prevent-
ing the calf from obtaining its dam’s milk and
secondly by separating the pair several days
later, the entire weaning process can be made
significantly less stressful. In our studies, nursing
was prohibited by a plastic anti-sucking device,
which hung from the calf’s nose and prevented
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Fig. 5.5.

Photograph of a calf wearing an anti-sucking device used to prevent nursing. The device

facilitates weaning of cow—calf pairs while kept in the presence of each other, commonly referred to as

two-stage weaning.

calves from getting the teat into their mouth (see
Fig. 5.5).

In one trial, 12 beef cow—calf pairs were
randomly assigned to a control (abrupt weaning
treatment) or to the two-stage weaning proce-
dure. Nursing was prevented for 4 days prior to
separation for the two-stage calves. Prior to
imposing the treatments, baseline information
was collected on the amount of nursing and
general behaviour patterns of the cow—calf pairs
for 4 days. We then observed the animals during
the 4 day period when nursing was prevented
for the two-stage weaning group and while con-
trol groups were allowed to nurse. Finally we
observed cows and calves for the 4 days follow-
ing their separation. All anti-sucking devices
were removed on the day of separation.

During the baseline period, vocalizations
by both cows and calves were extremely rare.
The only behavioural change associated with
preventing nursing, during the next 4 days, was

a slight increase in the amount of vocalization
(cows = 24 vocalizations/day; calves = six vocal-
izations/day). However, during the 4 days after
cows and calves had been separated, two-stage
weaned cows vocalized 80% less than the con-
trol cows weaned the traditional way. For
calves, the difference was even more remark-
able: two-stage weaned calves vocalized 95%
less than traditional weaned calves, calling at the
same rate as during baseline observations.

Two-stage weaned cows and calves spent
over 25% more time eating compared to con-
trols, and two-stage calves spent roughly 50%
less time walking than the abruptly weaned
calves after separation.

We conducted another trial to determine
the relative distance that calves walked before
and following separation, using pedometers.
We found that controls walked nearly three
times further than two-step calves during the
first two days after separation (40 versus 15 km,
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P < 0.05). Two-stage weaning drastically reduces
the behavioural indicators of stress associated
with the traditional abrupt method of weaning.

In a separate trial, Haley (2006) reported
that two-stage calves had significant reduction
in vocalization and standing and an increase in
time spent lying compared with fenceline-
weaned calves, suggesting that two-stage wean-
ing has some distinct advantages over other
favourable weaning techniques. We now know
that simultaneously removing the mother and
the milk — as done in traditional weaning —
causes a far greater behavioural response than
if the two events occur at separate times (Haley
et al., 2005).

One disadvantage of two-stage weaning is
that calves must be handled twice: once for
inserting the anti-sucking device and once for
removal. It means that calves must be sorted
twice from the cows. One simple method to
facilitate sorting has been developed by Biggs
(2006). He moves the entire group of cows and
calves into a smaller paddock. He then takes
advantage of the natural tendency of cattle to
want to exit the pen via the route they had
entered, so he stands at the gate and allows
cows to exit while diverting calves through a
‘lower’ calf gate that traps them in a separate
pen. Using this technique, a single person can

successfully sort hundreds of cows from calves
in a quick, calm and stress-free manner. This
technique is useful whenever cow-calf pairs
need sorting and makes two-stage weaning
possible for large herds.

Conclusions

Some understanding of cattle behaviour, cogni-
tion and perception is essential for their man-
agement, especially during handling and restraint.
Behavioural principles have been successfully
applied in the design of handling facilities that
facilitate movement of animals, even by inexpe-
rienced stockpersons. With appropriate training
and experience, operators can make use of ‘low
stress’ handling techniques that make successful
handling possible in open areas or where facili-
ties are primitive or nonexistent.

Managing what cattle see and hear during
handling and restraint is important for the
minimization of stress and facilitation of move-
ment. The responses of cattle to handling can
change as a result of experience. This learning
capability can be used to advantage, to train
animals to handle more easily and remain calm
during handling.
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Introduction

Cattle have been domesticated by humans for
several thousands of years and they are cur-
rently used in very large numbers as sources of
meat and/or milk and for draught purposes. As
a result of this long and close contact there is
great practical knowledge within the agricultural
community as to their management, care and
handling.

There are two overall behaviour patterns in
intensively raised cattle. In the first type, cattle
are completely tame and can easily be led with
a halter (head collar) and lead rope. These cat-
tle are led by a person and are usually not
driven. Cattle that are trained to lead are com-
mon in Asia, India, China and France (see
Fig. 6.1).

The second type of cattle are not trained to
lead, but they usually have a small flight zone.
They are raised in groups and they are in close
contact with people every day. When they are
moved they are either driven or led by handlers
and no lead ropes are used. Often, these cattle
become very accustomed to many human
activities. Bos indicus cattle grazed along the
roads learn to ignore bicycles and buses (see
Fig. 6.2).

The facilities required to handle cattle that
have been raised in close association with

people can be much simpler than the facilities
that are required to handle much wilder, exten-
sively raised cattle that have much less contact
with people. In many countries, cattle that are
trained to lead can be easily handled without
races and crowd pens. In Sudan, the second
author has observed skilled herders at a local
market who corralled their cattle by using peo-
ple as fences (see Fig. 6.3). The people posi-
tioned themselves around a group of cattle on
the boundary of the flight zone.

In the UK and New Zealand, groups of cat-
tle come when called and are led by a handler
to a new pasture. However, in abattoirs and in
large veterinary facilities, cattle that are not
trained to a lead rope should be handled in
facilities that are designed for extensively raised
cattle (see Chapters 7 and 20, this volume).

Information on the behaviour of British
and European cattle — an important component
of any understanding of how they can be effec-
tively and sympathetically handled - is to be
found in Hafez and Bouissou (1975), Albright
and Arave (1997), Hall (2002), Phillips (2002)
and Houpt (2005). Grandin (1998a, 2005) and
Lawrence (1991) give accounts of behaviour of
animals in restraint, and the general behaviour
and welfare of farm animals — with much atten-
tion to bovines — is discussed in Fraser and
Broom (1990).
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Fig. 6.2.

Fig. 6.1. In much of the world, tame
cattle live in close association with
people and they are trained to lead.
Complex handling facilities are not
required for cattle that are trained to lead
and have no flight zone.

Cattle in the Philippines are grazed along roads and other places with high human activity. They

have lived near cars, bicycles and other activity all their lives. These animals do not react to a bicycle or car

because it is no longer novel.

Effects of Genetics and Experience

Many different breeds of cattle have been devel-
oped (Epstein and Mason, 1984) and it is gen-
erally accepted that these can be grouped into
two main types: (i) the humped (zebu) (Bos
indicus) animals, native to subtropical and trop-
ical areas (see Payne, 1990 for an account of
Zebu cattle types and their husbandry); and (ii)
the non-humped (Bos taurus) cattle of European
origin.

There are some behavioural differences
between these cattle types (Hafez and Bouissou,
1975) and it is believed — without much real evi-
dence - that they react differently to handling. It
is widely held for example, that zebu-type cattle
are more difficult to restrain than their Euro-
pean equivalents. This view probably stems
from experience with these animals under
extensive pastoral conditions. B. indicus cattle
husbanded/reared in close contact with humans
in the family farm as milk or draught animals
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Fig. 6.3.

In Sudan, cattle are corralled for sale by positioning groups of people around them on the

perimeter of their flight zone. The animals are fenced in by the people. They have a small flight zone, but

are not trained to lead.

are usually easily handled. When they are com-
pletely tamed with no flight zone, the B. indicus
breeds appear to be more responsive to stroking
compared with B. taurus breeds. Intensively
reared B. indicus cattle often actively seek out
stroking. This may help form a bond with the
handler.

The husbandry systems under which cattle
have been reared probably have a more signifi-
cant effect on flight zone size and tameness than
the effects of any genetic differences between
the different breeds (Murphey et al., 1980;
Kabuga and Appiah, 1992). It is held as a gen-
eral rule, however, that within European (B.
taurus) cattle, females of the dairy breeds are
quieter to handle than females of the beef
breeds, but the converse is true for the males.
See Chapters 4 and 8, this volume, for more
information on the handling of bulls.

The most important factor which influences
the ease or otherwise with which cattle or any
other creature can be handled is the extent and
severity of their previous experiences of contact
with humans. For a general account of the
effects of this human—animal relationship in stock
farming see Hemsworth and Coleman (1998)
and Raussi (2005).

It is widely believed — and there is much
field evidence to support this view — that cattle
which have had frequent, gentle and early con-
tact with humans are usually tame and easy to
handle. This early contact may have to have
been over an extended period if it is to have a
long-term effect. Handling restricted to the first
month of the calf’s life (Sato et al., 1984)
seemed to have little influence on its subsequent

behaviour; the regular handling of heifers up to
the age of 9 months (Bouissou and Boissy,
1988), however, was shown to reduce perma-
nently their fear of humans. A detailed discus-
sion on the effects of early experience on farm
livestock is to be found in Creel and Albright
(1987).

Young cattle are inquisitive, active and
playful, while older animals are more placid, but
both types can be readily trained (Albright,
1981; Lemenager and Moeller, 1981; Dickfos,
1991). For general accounts of learning and
training in the domesticated species see Kilgour
(1987) and Universities Federation for Animal
Welfare (1990).

Traditional Family Farm

In the traditional, family-farmed systems of
stock keeping still common in many parts of the
world, small numbers of cattle are reared and
kept in close contact with humans (FAO, 2002).
They are grazed under careful supervision in
small fields or on tethers and/or are kept indoors
in tie-up cow sheds or in covered yards. Their
calves are often hand-reared by humans or, if
kept on their dams, are habituated to the near
presence of humans at an early age. As a gen-
eral rule, cattle husbanded in these ways are
tame, cooperative and easily handled. It seems
that they associate handling with particular
locations (Rushen et al., 1998) and that they
may at times differentiate between different
human handlers (Taylor and Davis, 1998).
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Oxen and Other Intensively Handled
Bovines in Developing Countries

Fifty per cent of the world’s population uses
draught animals such as cattle or water buffalo
to cultivate their crops (Wilson, 2002). Com-
pared to donkeys and horses, bovines can pull
more weight (Pearson and Vall, 2004). Their
speed is slower, but the greater power of a
heavier animal is preferable for many tasks.
Additional information on draught animals may
be found in Bartholomew et al. (1995), Conroy
(1999) and Sims et al. (2003).

The second author has made many
observations during extensive travels in Asia
and Africa. She observed that educating peo-
ple on some basic principles of handling could
bring about great improvements in animal
welfare. She trained people to use a simple
rope halter (head collar) (see Fig. 6.4) instead
of tying animals by a nose ring. Tying cattle in
a transport vehicle by the nose may result in
severe injuries. Below is a list of simple, easy
to implement, low-tech recommendations for

prevention of injury when animals are tied up
by a lead rope.

1. Do not tie with the nose ring; a halter or
head collar should be used.

2. Do not tie large and small animals
together, or weak and strong. Animals should
be grouped by size and weak animals should be
in a separate group.

3. Tie horned and dehorned or polled cattle
in separate groups.

4. Provide non-slip flooring in the transport
vehicle.

5. Provide ramps for trucks unloading. Do not
let animals jump off vehicles.

Animals can easily be trained to voluntarily
cooperate during minor procedures such as
injections. Cattle can be trained to cooperate
willingly if stress is greatly reduced (Grandin,
2000). Cattle and other animals kept for special
purposes such as show cattle, Al studies and for
agricultural trials are usually easier to handle
(Grandin, 1998b). Figure 6.5 shows a simple
hoof-trimming stand that a tame cow is led into.

Fig. 6.4. A rope halter should be used
for tying a tame bovine. Tying by a nose
ring or a cord through the nose may
cause nasal injuries. The ring or nasal
cord should only be used during handling
or for steering a draught animal.
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Types of Cattle Husbandry Systems

In the extensive systems of stock farming, cattle
are kept in considerable numbers in large fields
or on free range; their welfare is supervised by
humans but the animals are relatively untamed
and only occasionally handled, and then mainly
in groups in gathering pens (corrals), races and
crushes.

The modern moves towards large-scale
cattle operations mean that large numbers of
animals are looked after by small numbers of
attendants. Many of the regular stock tasks,
such as feeding, milking and dung-cleaning, are
at least partly carried out by machines: calves
and young stock are not often as closely han-
dled as they are on the traditional family farm
and there is little time for individual attention to
any one animal.

As a result of the low need for close physi-
cal contact between humans and cattle, there
has perhaps been a tolerance of uncooperative
behaviour and less incentive to select for quiet-
ness in the stock. Whatever the causes, it is
widely held that many of the cattle held in the
large-scale feedlot and ranch systems are
increasingly seen to be nervous, uncooperative
and difficult to control.

The equipment and methods used to han-
dle cattle at close quarters vary considerably
around the world in their cost, manpower
required, level of sophistication and effect on
the animal; however, there are four broad
approaches.

Fig. 6.5. A simple stand for
holding a tame cow for hoof
trimming or veterinary work. This
will work well for animals that are
trained to lead. The area must
have a solid non-slip floor.

Methods for Restraining Cattle for
Veterinary Procedures

1. In ‘linear’ groups in a single-file race (see
Chapters 7 and 20, this volume); drenching and
pregnancy testing is performed while the group
of animals is in the race.
2. While being held in their own tie-up stalls
or self-locking stanchions; this is a common sys-
tem on dairies.
3. While being confined closely together as a
group in a small space. This works well for
calves.
4. Individually:
e In a crush (squeeze chute) that is
located at the end of a single file race.
A stanchion or other device restrains
the animal by the neck (see Fig. 7.6;
Chapter 7, this volume).
e An animal is restrained with ropes.
This is done when a crush or squeeze
chute is not available.

Training the animal to cooperate will greatly
reduce stress. The animal is trained to stand
while being held with a halter or lead rope.

In linear groups via forcing pens,
races and crushes

In many intensive dairy and beef cattle enter-
prises, the animals are regularly passed through
specially designed handling units, which are
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made up of various combinations of funnels,
forcing (gathering) pens, races, crushes (squeeze
chutes), shedding gates and automatic cow traps
(Chapter 5, this volume, shows an automatic sort-
ing system). Some of the layouts incorporate foot
baths, weighing crates and/or loading ramps.

For dairy cattle these facilities are usually
placed so that each time the animals leave the
milking area they traverse all or part of the han-
dling unit on the way back to the feeding/resting
areas or the grazing fields. Beef cattle will often
be regularly passed once a week — say through
the foot bath and/or weigher. In both types of
enterprise, the animals are used to being regu-
larly handled while still being in contact with
other members of their social (pen) group.

If the facilities have been well designed and
constructed — there are numerous advisory
booklets and pampbhlets on these matters (e.g.
Shepherd, 1972; Graves, 1983; MAFF, 1984;
Gilbert, 1991; Bickert, 1998) — and the stock-
men and -women are skilled and patient, the
handling can often be efficient, effective and rel-
atively stress-free to both human and animal.

The terminal part of the handling unit is
usually some sort of so-called cattle crush (restraint
device). These devices are essentially a solid or
bar-sided box designed and constructed to hold
one animal. There is a vertically pivoted release
gate on the front and a sliding back gate (or
bars) which can be pushed across the race at
the rear, to stop the animal backing away.

The animal’s neck can either be caught in a
yoke (stanchion), which is built into the front
gate or held between two vertically pivoted side
panels or bars; these are set so that when they
swing in they trap the neck of the animal
between them as it stands just short of the front
of the crush. The yoke can only be used if the
animal volunteers — or can be persuaded — to
put its head through the gap in the front gate:
successful use of the side panel/bar neck restrainer
does not depend on this kind of cooperation.

Sometimes, cattle restrained in crushes
become very stubborn, put their heads down
and refuse to move and even adopt a so-called
kneeling, submissive position (Ewbank, 1961) —
a possible form of tonic immobility (Fraser,
1960; see also below). Once the head is held,
various hinged panels (gates) in the sides of the
crush can be swung open to gain acess to the
body of the animal. Some of the more complex

handling (squeeze) crates have one of the sides
so pivoted along the horizontal axis that it can
be moved to hold the animal tight for restraint,
and some are even equipped with leg-winders
(devices to hold the feet) so that the feet of the
animal can be readily restrained for examina-
tion and treatment.

At times it is necessary to take a cow out of
the crush and handle in the adjacent open area.
To do this, a halter should be put on its head,
the front gate opened and the animal led
forward. This manoeuvre is easy with a side-
panel/bar head restraint crush and with a front
gate yoke in which the neck of the animal is
being held between the gate and the frame of
the crush. In both these cases the head can be
released while the animal is standing still. In the
central yoke gate design, however, the cow has
first to be driven back clear of the gate and then
the gate swung open.

Cattle, especially those which routinely tra-
verse a group-housing system, will often readily
follow each other through the funnels, forcing
pens and races. Once an individual animal is
held in the cattle crush, however, the forward
movement of the group stops and can start
again only when the head-held animal is
released. It may be difficult to get the next ani-
mal in line to move forward and enter the crush.
This is especially true if the previously handled
animal has become in any way distressed.

To overcome this start-stop-start problem,
it is common practice for handlers — who may
be standing on a raised catwalk running along-
side the run-up race - to attempt to examine or
treat animals by reaching over the top sides of
the crush and the run-up race. In this technique,
only the heads and top lines of the cattle are
directly accessible to stockmen and -women.
Injections should not be given in the rump of
cattle because this will likely cause damage to
the most expensive cuts of beef (George et al.,
1995, 1996; Roeber et al., 2002).

If necessary, the heads of the animals can
be held by hand: the animals usually stand still
as they have little space for body movement and
they feel relatively secure, being in close contact
with other members of their group. If the race
has one partially open barred side, pregnancy
testing can be performed while the cattle are held
snugly in a linear line. Handling under these
circumstances is really a linear form of ‘being
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closely confined together as a group in a small
space’ — with the advantage that the human
handler is safely outside the race (pen).

Once the cattle are released from the crush
via the front gate, they can be diverted by sort-
ing gates into side pens, which may contain
automatic cow traps (or neck yokes) set at the
feed trough, or they can be allowed to return to
the grazing fields or their housed accommodation.

A modified version of the cattle crush con-
cept can be used in association with automatic
captive yokes (cow traps). Once a cow is caught
up in a yoke, a wheeled handling box (a move-
able crush but without a front restraining yoke
or gate) is pushed/positioned around the cow.
The animal, in effect, is now restrained as in a
crush. This form of restraint is most applicable
in the dairy herd which, as a routine mastitis
control technique, traps affected cows in auto-
matic yokes as they leave the milking parlour,
by putting a small quantity of an attractive food
in the front trough of the traps.

Handling while in their own tie-up stalls or
self-locking stanchions

This method is mainly used in dairies. The
advantages for the stockperson in handling cat-
tle while they are being held in their own tie-up
stalls (stanchions) are as follows:

1. The animal is already caught, i.e. it does
not have to be chased and captured. The cattle
are already accustomed to being restrained
when they are fed.

2. The head of the animal is held in either the
chain tie or the neck yoke.

3. The animal is in its own living place and is
between known companions in the adjacent
stalls, i.e. it is usually relaxed and confident.

4. The husbandry system is generally such
that the animal is used to frequent physical con-
tact with humans while it is being fed/milked/
having its bedding replaced, etc.

5. ltis surrounded by bars and pipes to which
the various ropes, etc. used in restraint (see
later) can be attached.

There are also a number of disadvantages:

1. There may not be much space around the
animal. Cattle in adjacent stalls can be moved

away, but this often distresses the one left
isolated.

2. The floor is probably hard (concrete) and
the cow may damage itself if it falls.

3. It may begin to associate its own stanchion
with unpleasantness and become reluctant to
enter it again. This is especially true if painful
operations, e.g. foot dressing, are repeatedly
carried out in the home stall. It may be better
to remove the animal to a ‘neutral’ place for
potentially distressing procedures.

Confined closely together as a
group in a small pen

In this method of handling the animals, which
can be young stock, polled or dehorned dairy
cows or intensively housed beef cattle are put
into a restricted area (pen) such that they are in
close contact with each other and have little
space for movement. Once the cattle have set-
tled down, the human handler(s) can enter the
pen, push between the animals and catch
and/or handle them at will. The animals usually
remain quiet. This is possible because: (i) they
have little scope for individual movement;
and/or (ii) they remain relaxed while in close
physical contact with their peers. An animal
separated from its group soon becomes agitated
and difficult to handle.

Handled individually by means of ropes
and specially designed equipment

There are many different descriptions of the
way ropes and specially designed pieces of han-
dling equipment can be used to control and
manipulate cattle (McNitt, 1983; Holmes, 1991;
Battaglia, 1998; Haynes, 2001). There are also
a number of veterinary texts (e.g. Stober, 1979;
Kennedy, 1988; Fowler, 1995; Leahy, 1995;
Hanie, 2006; Sheldon et al., 2006) which give
details of the numerous specialized handling
and surgical restraint techniques that can be
used as appropriate on calves, young stock and
adult cattle. Ropes in particular are used across
the world to aid in the restraint or handling
of cattle; however, there are a multitude of
regional and local variations, with few formally
documented or researched.
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When cattle are being handled individually
this way, ideally the animal should be within a
‘safe’ space such as the centre of a pen or large
loose box. However, for some methods or pro-
cedures it may be necessary to be positioned
beneath overhead attachment points for ropes
or slings, or in a tie-up stall, in a cow cubicle, in
the space alongside the cattle crush or in the
area immediately adjacent to a tubular metal
pen side or wooden fenceline.

The use of pressure or force on the body

Once cattle are confined or restrained, for exam-
ple within a crush, small pen, stall or by means of
a halter or ropes, additional steps may be neces-
sary to reduce movement further and/or safely
access a part of the animal’s body to carry out a
procedure. A number of methods have become
established over the years that act on the princi-
ple of applying a degree of force to the animal’s
body, and in some instances this has shown to
produce both calming and immobilizing effects.

Pressure applied to the whole body

It has long been recognized that the tightening
of single or multiple rope loops that have been
placed around the bodies of cattle, e.g. udder
kinches, chest twitches and Reuff’s method of
casting, cause the animal to stand still and, if
tightened further, to appear to be partly para-
lysed and go down. If the rope loops are kept
tight, the animals stay down. The reason as to
why this works is largely unknown.

It may be that this partial paralysis is
related to the so-called tonic immobility (fear
paralysis) seen in some animals when pressure
is applied to their body and/or when they are
exposed to fear-inducing situations. This phe-
nomenon has been studied under experimental
conditions in chickens, rodents and rabbits, and
there is now some understanding (Carli, 1992)
of the behavioural and physiological mecha-
nisms involved.

It is known in rodents that sudden and/or
aversive stimuli can, at times, lead to tonic
immobility and that this is sometimes accompa-
nied by a drop in the animal’s heart rate (Hofer,
1970; Steenbergen et al., 1989). It has been
noted in cattle (Leigh, 1937, p. 177) that the

tightening of a rope round the body slows down
the movement of the heart.

The quietness shown by animals both in
the squeeze crush (squeeze chute) and when
being restrained in close physical contact with
others of their kind — as in handling pens, race-
ways or loose boxes — may be at least partly as a
result of this ‘pressure on the animal’s body’
phenomenon (Ewbank, 1961, 1968).

Pressure applied to the legs

A rope noose tightened round the hind leg of a
cow just above the hock joint or the application
of a specially designed pincer clip device to
each side of the tendon that runs down to the
point of the hock can result in the leg seemingly
becoming temporarily paralysed. The animal
itself is not really calmed and is often somewhat
distressed, but the leg is easily handled. Occa-
sionally the animal will go down, but this seems
more as a result of loss of balance on the three
non-affected legs rather than from any general
calming/immobilization effect. The removal of
the rope noose or the pincer clip soon restores
the animal’s ability to move and use the leg,
although there is sometimes a degree of swelling
at the application site and a slight, associated,
temporary lameness.

Pressure applied to the tail

The holding of a cow’s or calf’s tail in a near-
vertical position seems to partially restrict the
movement of the hind legs and allows a rela-
tively safe examination of the groin or udder
region of animals that are otherwise unhandleable.
This method is used to make animals stand still.
It should never be used as a method for making
the animal move forward.

Pressure applied to the nose

The grasping of the nose of the animal by plac-
ing a finger and thumb each side of the nasal
septum or by the application of blunt-ended,
pincer-like tongs (bulldogs) to the same site usu-
ally results in the animal standing still and toler-
ating a certain amount of interference to the rest
of its body. The impression is given that the ani-
mal’s whole attention is concentrated on its
nose. It has been suggested that it will only con-
tinue to stand still as long as the distress/pain of
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the interference is equal to or less than the
distress/pain of its nose: once the interference
distress is greater than the nose distress, control
will be lost.

A major disadvantage of using a nose pin-
cer is that cattle remember the pain and they
will resist application of the pincer in the future.
When a halter is used to hold the head for multi-
ple blood samples collected over a series of
days, the animal will often become increasingly
more cooperative. When the nose pincer is used
it may become progressively more difficult to
handle. In most instances, a halter or head col-
lar should be used to restrain the head.

The twitch used on the horse is a more sub-
tle device, in that the loop of cord round the
horse’s upper lip can be relaxed and tightened
at will and, in effect, the stimulus to the lip can
be titrated against the stimulus of the interfer-
ence being carried out on other parts of the ani-
mal. In the horse, it has been suggested that the
twitch has somewhat similar action to acupunc-
ture (Lagerweiz et al., 1984), with an increase
of circulatory endorphins causing possible changes
in pain susceptibility and/or mood of the ani-
mal. It is not known whether there are increases
in endorphin levels in the blood of cattle sub-
jected to pressure/force being applied to all or
part of their bodies.

Metal rings or ropes are often permanently
placed through the soft anterior parts of the nasal
septum in cattle (mainly adult males) to facilitate
handling (fig bull ring and Indian cow) (Fig. 6.4).
Various staffs, chains, ropes, etc. can be attached
to the ring or rope when needed, and probably
help in controlling the animals by causing them a
degree of discomfort/pain if they do not respond
to the pushes and pulls exerted on the rings.

A halter (head collar) should always be
used in conjunction with a rope tied to the ring.
This will prevent a frightened animal from pull-
ing the ring out. For dairy bulls, a snap attached
to a 1 m-long stick can be attached to the ring to
enable the handler to keep the bull at a safe dis-
tance. This is often used in Holstein bull studs
when bulls are handled for semen collection.

Restraint of the head and neck

Animals which have their necks held in yokes or
tie-chains in their individual standings (stanchions)

are still able to move their head, and are usually
capable of some limited movement of their
whole body. This is also true of animals
detained within the various designs of cattle
crushes. Although there is now available a
mechanical, rubber-lined scoop device which
can be attached to the front of a cattle crush and
which allows the head to be held firmly in one
position, additional physical control of these
animals is generally achieved by the grasping of
the head.

This is usually done by a human handler,
who should be standing to one side of the ani-
mal’s head, taking hold of the horn or ear clos-
est to him/her and, at the same time, seizing
the nasal septum between a finger and thumb
of the other hand. When this is done, cattle will
usually keep their heads and bodies still. If the
head is pulled sideways and back towards the
animal’s flank, i.e. rotated around the chain
tie/bar of the yoke, the cow will tend to swing
away from the handler and, in many instances,
steady itself by pushing the side of its body
against the adjacent pen division, stall crush
side or wall.

The arm-over-the-side-of-the-face head-grip
technique should only really be used on young,
relatively small polled or dehorned stock. The
handler, standing to one side of the animal’s
head, reaches over the head so that his/her arm
covers the animal’s far eye and cups his/her
hand round the anterior part of the animal’s
upper lip. The handler’s other hand goes to
the side of the face and either grasps the lower
jaw, with a finger and thumb pressing on the
gum line just behind the incisor teeth, or seizes
the nasal septum between the finger and
thumb.

The animal is restrained by a mixture of:
(i) force; (ii) calming through the use of the arm
as a blind on the smallest animals; and (iii) dis-
traction via the action of the hands/fingers inside
the animal’s mouth. A modified version of the
arm-over-the-side-of-the-face head-grip tech-
nique can be used on animals safely held by the
neck in a stall stanchion (neck yoke) or in a
cattle crush head gate (see Fig. 6.6).

During all of these procedures, cattle
should be kept calm. Calm cattle are easier to
handle. The animal will usually remain calmer if
the various holds are applied with steady force,
and sudden, jerky motion should be avoided.
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The use of blinds/blindfolds

Cattle can often be quietened for handling pur-
poses by blindfolding them. The blindfold should
be made of a soft, fully opaque material and be
free from any foreign matter, e.g. sawdust or
straw, which might enter or irritate the eyes.
Blindfolding beef cattle has been shown to
reduce the struggling and lower the heart rate
response to routine handling (Mitchell et al.,
2004). See Chapters 4, 5, and 7, this volume,
for more information on the effects of vision on
handling.

The arm-over-the-side-of-the-face head grip
(see Fig. 6.6) — as used on younger (smaller)
stock — is reputed to calm by a blindfold effect,
as one of the animal’s eyes is covered by the
handler's arm and the other is pressed against
the handler’s body. When polled cattle are held
in a neck stanchion in a squeeze chute, they can
easily be restrained for blood sampling or intra-
venous (IV) injection by a person leaning
against their head so that a person’s rear covers
their eyes. The head can be gently turned side-
ways (the person follows this movement) and
the animal will remain calm because its eyes are
still covered.

The use of chemical agents for
sedation or pain relief

Chemical agents are occasionally used to sedate
and calm cattle before they are handled. It

Fig. 6.6. Arm-over-the-side-
of-the-face head grip. One
advantage of this grip is that it
restricts the animal’s vision and
has a blindfolding effect. This
method is preferable to methods
where the nostrils are gripped.
Gripping the nostrils is highly

aversive.

would be very convenient if some palatable
drug could be put into the food or water of say
an aggressive bull so that it was calm and coop-
erative by the time it was handled. However, as
yet, there does not seem to be such a material.
Chloral hydrate has been tried but it is not
readily consumed by most cattle and, even
when taken in, its action is somewhat uncertain.
Many injectable agents have been used and
more information on sedation and anaesthesia
may be found in Thurman (1986), Houston
et al. (2000), Hall et al. (2001) and Greene
(2003).

The current drug of choice is still probably
xylazine (Rompun, Bayer, Leverkusen, Germany)
given by intramuscular injection. This agent
should always be used under veterinary supervi-
sion. Low doses produce sedation; higher doses
can sometimes cause the cattle to go down.

Many surgical procedures such as castra-
tion and dehorning have been traditionally
done with no anaesthetic or analgesic (pain-
killer). Numerous studies have shown that the
use of local anaesthetics and analgesics reduce
both physiological and behavioural signs of
stress. Stafford and Mellor (2005a, b) contains a
recent review. Local anaesthesia eliminates the
cortisol response after castration and reduces it
after dehorning (Stafford and Mellor, 20053, b).
Anderson and Muir (2005) contains a review of
pain management in ruminants. Underwood
(2002) and George (2003) both present a
further discussion about pain from dehorning or
castration.
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Practical experience has shown that the
use of a local anaesthetic for dehorning small
calves makes it easier for the person to hold
them. Since pain is reduced, the calf struggles
less. Cattle producers have also reported that
the use of local anaesthetic when older calves
are dehorned makes it easier to get the
animals to re-enter the race in the future. Ani-
mals have an excellent memory for painful
experiences.

The use of sound

Many stockmen and -women claim that the
human voice can be used to calm cattle, and
indeed this may be true if the animals and the
humans are well acquainted and trust each
other. Recorded sound (music) has sometimes
been broadcast to cattle entering milking
parlours in the belief that they can be more
readily handled during the milking process. The
benefits, if any, are probably due to the broad-
cast sound making the routine bangs and clat-
ters produced by the parlour machinery less
noticeable to the stock.

It should always be remembered that while
cattle readily become habituated to sounds in
their environment, they are easily startled by
sudden, unexpected noises. See Chapter 5, this
volume, for more information on the effects of
sound. Research shows that loud shouting at
cattle is very aversive (Pajor et al., 1999).

Common Factors

In practice, there are three key elements to most
animal handling procedures which influence the
chance of a successful outcome, with the mini-
mal level of stress to the animal. First, the ani-
mals themselves: each individual animal will
cope and react differently. Secondly, the facili-
ties: the way ‘hardware’ such as crushes (squeeze
chutes) and equipment are designed and con-
structed; and finally the handlers must have
the knowledge, skills and the right approach.
These three elements interlink and interplay
with each other, and ‘handling utopia’ occurs
only when all work and cooperate in harmony.

Handlers

The human handlers

The persons handling the cattle should have
stock skills and stock sense. Workers on the
intensive, traditional family farms often have
both these attributes; some of the animal atten-
dants on the larger, more factory-like intensive
units can at times be good stock system manag-
ers but poor animal handlers. The whole subject
of stockmanship is complex — for details see
Seabrook (1987), English et al. (1992) and
Hemsworth and Coleman (1998).

Regardless of the talents (or otherwise) of
the handling team, its members should have
been instructed and rehearsed in the particular
techniques to be used. They should also have
been made aware that one person — the team
leader — makes the decisions as to when each
step of the technique is or is not to be carried out.
The efficiency of the handling and the safety of
both the humans and the animals depend on the
attitudes and the skills of the handlers.

The facilities and equipment

The cattle should be handled in facilities where
they are unlikely to suffer any injury or damage
during the handling process or if they escape or
go down. The area should, if possible, be
enclosed - i.e. escape-proof, the fences/walls
free of sharp projections and the floor non-slip
and, if made of concrete or other hard material,
well-bedded - covered with straw or other litter.
Crushes must be well maintained.
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The necessary equipment should be ready
at hand and should have been well maintained
and recently tested. Ropes, ideally should be of
cotton: they should have a fairly wide diameter
and be soft-surfaced and free of knots. Webbing
should be clean, pliable and not frayed. All
leather parts should be soft (oiled) and not per-
ished in any way. All metal components should
be free of rust and dirt and have smooth
surfaces.

Whenever possible, the cattle should be
kept calm and relaxed. If this can be achieved,
the handling will usually be quick and safe for
both humans and animals. Calmness in the ani-
mals will be encouraged if handlers understand
the likely behaviour of the animals under the
specific conditions and they utilize this to
advantage as much as practically possible. If
procedures are to be repeated periodically over
an animal’s lifetime, some time spent training
cattle — for example through food rewards — is
likely to be beneficial.

Conclusions

Cattle raised in close association with people
can be restrained by a whole variety of tech-
niques and devices, ranging from a person
holding them with a halter (head collar) to com-
plex restraining devices (see the standard texts
recommended earlier). The efficiency and
humaneness of the restraint depend on the
stockpersons building up a routine which meets
the purpose of the handling, utilizes the facili-
ties available and is within the capacity of the
handlers. An understanding of the advantages/
disadvantages and the rationale of the various
components common to most handling tech-
niques is essential if success is to be assured.

Cattle are dependent on humans for the
state of their health and well-being. Efficient and
humane handling — a procedure very much under
the control of the stockperson — can play an
important part in ensuring that their welfare needs
are met.
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Introduction

Even though extensively reared cattle have a
large flight zone and are not completely tame,
they will become calmer and easier to handle if
they are trained to seeing people on foot, on
horseback and in vehicles. Doing this will have
the added advantage of reducing agitation and
stress when the animals are transported to a
feedlot or a slaughter plant. Cattle which have
been handled only by people on horses may
become highly agitated when they first see a
person on foot.

It is important that the first experience
with a mounted rider or a person on foot is a
good first experience. First experiences make a
big impression on animals (Grandin and John-
son, 2005; Grandin, 1997a). Handling in a new
set of corrals will be easier if the animal’s first
experiences with the facility are positive. The
first time they enter the corral, they should be
walked through it and fed. Ideally, this should
be done several times before any actual work is
done.

Facilities that are suitable for intensively
raised tame cattle are not suitable for cattle reared
on large ranches or properties in the USA,
Australia or South America. Facilities that take
advantage of the natural behavioural characteris-
tics of cattle will reduce stress on the animals and
improve labour efficiency.

Corral Design

Round pens for gathering herding animals were
invented over 11,000 years ago in the Middle
East. The Syrians herded wild ungulates into
a round pen to slaughter them (Legge and
Conway, 1987). A round pen is efficient because
there are no sharp corners in which animals can
bunch up. To prevent the animals from running
back out of the entrance, the pen was shaped
like a heart, with the entrance between the
shoulders. It is interesting that designs that are
really effective keep being reinvented. The same
design was used by cowboys to capture the wild
horses (Ward, 1958), and fishing nets are set
out in a similar manner. When designing gath-
ering pens for cattle, sufficient space must be
allocated: minimum space is 1.9 m2 for every
cow (Daly, 1970) or 3.3 m? for every cow—calf
pair. These space recommendations are for
short-term holding of less than 24 h.

In rough country, cattle can be difficult to
gather, and chasing them with helicopters,
horses or vehicles is stressful and labour-inten-
sive. Cattle can easily be gathered by building
corrals with trap gates around water sources
(Cheffins, 1987). A trap gate acts as a valve, as
the cattle can move through a closed trap gate
in only one direction. Trap gate designs are
described by Howard (1953), Ward (1958) and
Anderson and Smith (1980). Several weeks
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before gathering, the previously open trap gate
is closed a little more each day. On the last day,
the space between the ends of the two gates is
so small that a cow has to push them apart to
get through. After she has gone through, she is
unable to return.

Cheffins (1987) described an improved
self-gathering system that has separate entrance
and exit trap gates. Training the cattle is easier
here, because the animals become accustomed
to moving in both directions through the trap
gates. To make a self-gathering system work, all
water sources must be enclosed by corrals
equipped with trap gates. In areas with numer-
ous water sources, corrals baited with molasses
or palatable hay can be used to trap cattle. The
animals will be easier to gather if the pasture
conditions are poor. When the cattle eat the
feed, they trip a trigger wire that closes the cor-
ral gate (Adcock et al., 1986; Webber, 1987). A
more modern version of this design would be to
use a radio signal or mobile telephone call to
close the gate. Some newer, self-mustering sys-
tems are described in Petherick (2005) and
Connelly et al. (2000) (see also Chapter 5, this
volume).

Sorting facilities

Sorting (drafting) cattle into age, sex or condi-
tion categories is an important handling proce-
dure. Single-file races with sorting gates are
used by ranchers in the south-western USA
(Ward, 1958). These systems are similar to
races used for sorting sheep. Another design uti-
lizes a triangular gate to direct the cattle
(Murphy, 1987): a person standing on a plat-
form over the race can operate the gate. The tri-
angular design facilitates the stopping of an
animal that attempts to push its way past the
gate. The disadvantage of both types of sin-
gle-file sorting races is that it is difficult visually
to appraise cattle as they rapidly move by.
Many American ranchers hold cattle in a
3.5 m-wide alley during sorting. Individual ani-
mals are separated from the group and directed
to sorting pens by a person on the ground
(Grandin, 1980a). This system works well with
European breeds and makes visual appraisal
easier, but it may work poorly with Brahman
and zebu (Bos indicus) cattle, due to their

greater tendency to bunch together. Bos indicus
cattle are more reluctant to separate from a
group. See Chapter 5, this volume, for more
information on sorting facilities.

The Australians first developed pound
yards (Daly, 1970), which are small, round
pens, 3-6 m in diameter with four to eight gates
around the perimeter (Powell, 1986). A single
person standing on an elevated platform over
the pen can operate the gates. This system
works well with zebu- or Brahman-cross cattle
and visual appraisal is easy because the person
has more time to look at the cattle. Other sorting
systems are the hub type (Oklahoma State Uni-
versity, 1973) and the circular alley (Arbuthnot,
1979).

Some operations use computers to operate
sorting systems after cattle have been evaluated
by either people or electronic devices. More infor-
mation on these systems can be obtained at
http://www.scaleyards. Huefner.com.au and Micro
Beef Technologies (http://www.microbeef.com).

Corral layout

With the advent of truck transport, squeeze
chutes (crushes for cattle restraint) and large
feedlots, corral designs became more complex.
Modern curved races and round crowd pens
evolved independently in Australia (Daly,
1970), New Zealand (Kilgour, 1971; Diack,
1974) and the USA (Oklahoma State Univer-
sity, 1973). During the early to mid-1960s, the
construction of large feedlots in Texas stimu-
lated design of truly modern systems with
curved single-file races, round crown pens and
long, narrow diagonal pens (Paine et al.,
undated). Prior to this time, ranchers used cor-
rals with square pens, with little regard to
behavioural principles.

Grandin (1980a) combined the best fea-
tures of Texas feedlot designs with the round
gathering pens from Ward (1958). Figure 7.1
illustrates a general-purpose corral. The wide,
curved lane serves two functions: (i) to hold cat-
tle going to the loading ramp or squeeze; or (ii)
as a reservoir for cattle that were being sorted
back into the diagonal pens by a person on the
ground. The wide, curved lane facilitates the
moving of cattle into the crowd pen. Each diag-
onal pen in Fig. 7.1 holds one truckload of 45
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mature cattle. The curved and diagonal layout
avoids sharp 90° corners for cattle in which to
bunch up. For larger herds, additional diagonal
pens may be added and the gathering pen
enlarged. The corral is easy to build because the
curved single-file race, round crowd pen and
wide, curved lane consist of three half-circles
with three radius points on a layout line (see
Fig. 7.2).

The Weean yard is used on many ranches
in Australia (Thompson, 1987). It incorporates
a curved single-file race and a pound yard for
sorting in an economical, easy-to-build system
(Fig. 7.3; Powell, 1986; Thompson, 1987).
Powell (1986) contains many corral designs that
are especially adapted to Australian conditions.

Individual animal identification

Designs where cattle can be sorted after they
leave the squeeze chute will become increas-
ingly popular, as more and more people switch
to individual animal identification (see Fig. 7.4).
Each animal can be weighed in a squeeze chute
mounted on load cells, evaluated by ultrasound
or other technology and then sorted. Facilities
where cattle can be easily sorted when they

Fig. 7.2.

leave the squeeze chute will be required when
ranchers and feedlot operators sell cattle under
contract, which have strict specifications for
fat thickness, frame score, weight and other
specifications.

This layout can also be used in electronic
sorting systems; in some electronic sorting sys-
tems, two squeeze chutes are used. The animal
moves into the first squeeze to have its back fat
measured by ultrasound and then it moves into
the next squeeze chute for vaccinations and tag-
ging. Figure 7.4 can be modified to accommo-
date the additional squeeze chute. The system
in Fig. 7.4 also has the advantage of training
cattle to go through the squeeze chute.

Race, crowd pen and loading ramp design

Single-file races, crowd pens (forcing pens) and
loading ramps should have solid sides (see
Fig. 7.5; Rider et al., 1974; Grandin, 1980a,
1997b, 2004). Solid sides in these areas help to
keep cattle calmer and facilitate movement,
because they prevent the cattle from seeing
distractions outside the fence, such as people
and vehicles. Solid sides are especially impor-
tant when handling wild animals that are

Curved single-file race, round crowd pen and curved lane. The round crowd pen is a full

half-circle. This is an important design feature and it works efficiently because cattle entering the single-file

race think they are going back from whence they came.
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Fig. 7.3. The Weean cattle yard from Australia.

unaccustomed to close contact with people in
places such as slaughter plants, feedlots and
large stockyards where there are people and
activity outside the race. The crowd gate that is
closed behind the cattle must also be solid. Cir-
cular crowd pens and curved single-file races
can reduce the time required to move cattle by
up to 50% (Vowles and Hollier, 1982).

A curved single-file race is more efficient
because cattle cannot see people and motion
up ahead when they enter the race. Another

reason why a curved race is more efficient is
that the cattle think they are going back to
where they have just come from. Cattle also
back up less in a curved race. Observations indi-
cate that moving people are more threatening
to cattle than people who stand completely still
and look away from approaching animals: star-
ing eyes are threatening. A curved race provides
the greatest advantage when cattle have to wait
in line for vaccinations or other procedures, but
it provides no advantage when cattle run freely
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Fig. 7.5. The round crowd pen should have a completely solid fence and catwalk as shown. Some people
prefer to remove the catwalk on the single-file race and work the animal’s flight zone on the ground. In
these systems, the fence on the outer radius of the single-file race is completely solid and the fence on the

inner radius is solid only on the bottom half.

through the race without having to be detained
for handling (Vowles et al., 1984). The recom-
mended inside radius for a curved single-file
chute is 3.5-5.0 m, and the radius of the crowd
pen should not exceed 3.5 m.

Cattle bunch up if the crowd pen is too big.
On funnel-shaped crowd pens, one side should
be straight and the other should be on a 30°
angle. To reduce baulking, a curved single-file
race must not be bent too sharply at the junc-
tion between the single-file race and the crowd
pen. A cow standing in the crowd pen must be
able to see two to three body lengths up the
race. If the race appears to be a dead end, the
cattle will refuse to enter. Bending the single-file
race too sharply where it joins the crowd pen is
the most serious design mistake. Recom-
mended dimensions for single-file chutes can be
found in Grandin (1983a, 1997b, 1998) and
Midwest Plan Service (1987).

If one side of the curved single-file race has
to have open bars for vaccination, the outer
fence should be solid and the inner fence should
be solid up to the 60 cm level. This design
where the catwalk is eliminated along the sin-
gle-file race enables a skilled handler on the
ground to work with the animal’s flight zone and
point of balance to move them. With less skilled

handlers, a completely solid single-file race with
a catwalk is recommended (see Chapters 4 and
5, this volume). To avoid problems with cattle
refusing to enter dark sheds or buildings, the
wall of a building should never be located at the
junction between the single-file race and the
crowd pen (Grandin, 1980a, 1987).

Following behaviour can be used to facili-
tate cattle movement through a system. Cattle
in adjacent single-file races will move when they
see an animal in an adjacent race move. The
outer walls are solid, but cattle can see through
the bars of the inner partitions. This principle
was first used at the Swift Meat Plant in Arizona
in 1974 and has been used successfully by
Grandin (1982, 1990a) for moving pigs and
Syme (1981) for moving sheep.

John Kerston in New Zealand moves cattle
into two squeeze chutes (crushes) with two par-
allel races. When a cow is leaving one squeeze
chute, the next cow is entering the empty
squeeze chute on the other side (Andre, 1991).
Andre (1991) also describes a system, designed
by Roy Atherton, which has three parallel, single-
file races leading to a single squeeze chute. This
system will work best if cattle are kept calm.
Another popular variation of this design is two
side-by-side single-file races leading to a single
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squeeze chute. If a straight single-file race has to
be used, the installation of two side-by-side
races is recommended.

A crowd pen should be level and never be
built on a ramp. Groups of animals that are
standing still on a ramp will often pile up against
the crowd gate and get trampled. When animals
are handled on a wide ramp, they should be
kept moving. However, cattle can stand safely
in a single-file race which is on a ramp. Loading
ramps must not be made too steep: the recom-
mended maximum angle is 20-25°.

On concrete ramps, stair steps are more
efficient: a 10 cm rise and 30-45cm tread
length being recommended. If cleats or ridges
are used, the spacing should be 20 cm between
the cleats to match the stride length of cattle
(Mayes, 1978). A basic principle for all species is
that the animal’s foot should fit easily between
the cleats to provide good traction. If the cleats
are too far apart, the feet will slip. Further infor-
mation on loading ramps is given in Powell
(1986) and Grandin (1990a, 2004).

Factors impeding movement of cattle

Corrals and races must be free of distractions
that make animals baulk (see Chapter 20, this
volume). Distractions such as a small piece of
chain dangling in a race, reflections on vehicles
or shadows will cause cattle to baulk (Grandin,
1998). In existing facilities, installing solid sides
on the single-file race will often improve cattle
movement and reduce baulking. Distractions
and lighting problems, such as a race entrance
being too dark, can ruin the efficiency of a
well-designed system. The author has observed
that cattle often move more easily through out-
door corrals. If a building is built over a race, it
should be equipped with either skylights or plas-
tic side-panels to let in light. White, translucent
panels are best because they let in plenty of light
but eliminate shadows.

The ideal lighting inside a building looks
like that on a bright, cloudy day. Cattle tend to
approach light. In one facility, cattle refused to
enter the race unless a large door had been left
open to admit light. When the door was closed,
cattle baulked and refused to enter the dark race
entrance. Lamps can be used to attract cattle
into buildings at night, but the lighting must be

indirect. The author has found that, in most
facilities, cattle can be moved into squeeze
chutes without electric prods. However, a light-
ing problem can make it almost impossible to
move cattle quietly because they constantly
baulk.

Restraint devices

Before the invention of squeeze chutes (crushes),
range cattle were caught and restrained with a
lariat (Ward, 1958). The invention of mecha-
nized restraint devices both improved animal
welfare and reduced labour requirements.
These also required less skill to operate than a
lariat. One of the first mechanical devices for
restraining cattle was patented by Reck and
Reck (1903). It has squeeze sides that pressed
against the animal and a stanchion to hold the
head. In the 1920s, Thompson (1931) devel-
oped a head-catching gate designed for wild,
horned cattle, which was installed on the end of
a single-file race.

A squeeze chute restrains the animal by
two devices: a stanchion is closed around the
neck and side-panels press against the animal’s
body to control movement (see Fig. 7.6). This
device is available with either manual or
hydraulic controls. The best squeeze chutes
have two side-panels that close in evenly on
both sides. This design enables the animal to
stand in a balanced position. An animal may
struggle and resist being restrained if pressure is
applied to only one side of the body. Non-slip
flooring in squeeze chutes is essential: animals
often panic if they start slipping. Today, most
adult range cattle are restrained in a squeeze
chute, but lariats are still used on some large
ranches for the restraint of calves for branding
and vaccination. One of the first mechanical
devices for holding calves was invented by
Thompson and Gill (1949).

There are six different types of headgates
(head bail or stanchions) for restraining cattle.
These can be used either alone at the end of a
single-file race or in conjunction with a com-
plete squeeze chute. The six types are: self-catch
(Pearson, 1965), positive (Thompson, 1931;
Heldenbrand, 1955), scissors—stanchion, pivot-
ing, sliding doors and rotating headgates (Moly
Manufacturing, Lorraine, Kansas, USA, 1995;
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Fig. 7.6.

Hydraulically operated squeeze chute (crush). When the pressure is properly set, a hydraulic

squeeze is safer because protruding lever arms are eliminated. The pressure should be set so that squeezing

will automatically stop before cattle bellow or strain.

Cummings and Son Equipment Company,
Garden City, Kansas, USA, 1997).

The advantage of pivoting or rotating
headgates is that they open up to the full width
of the squeeze and animals can exit more easily.
These designs may also help reduce shoulder
injuries. A picture of the rotating headgate may
be found in Grandin (1998). The Cummings
and Son (1997) headgate requires very little
force to restrain the animal compared with
scissors—stanchion headgates.

All types are available with either straight,
vertical neck bars or curved neck bars. Stan-
chions with straight neck bars are recom-
mended for general-purpose uses, as they are
less likely to choke an animal. Pressure on the
carotid arteries exerted by a neck stanchion will
quickly kill cattle (White, 1961; Fowler, 1995).
Stanchions with straight, vertical neck bars are
the safest because cattle can lie down while their
neck is in the stanchion: there is no pressure on
the carotid arteries.

Curved-bar stanchions provide a good
compromise between control of head move-
ment and safety for the animal. Positive head-
gates (Thompson, 1931), which clamp tightly

around the neck, provide better head control but
have an increased hazard of choking the cattle
(Grandin, 1975, 1980b). Both positive-type
headgates and a curved-bar stanchion must be
used with squeeze sides or some other appara-
tus to prevent the animal from lying down.

On chutes where the squeeze sides are
hinged at the bottom, the width at the bottom
must be narrow enough so that the V formed by
the sides supports the animal’s body in a stand-
ing position. A lift plate under the belly can be
used to support the animal (Marshall et al.,
1963). The squeeze sides must be designed so
that there is no tendency to throw the animal off
balance.

Hydraulically activated devices

Hydraulically activated squeeze chutes have
become increasingly popular. A properly adjus-
ted hydraulic chute is safer for both people and
cattle. Operator safety is improved because long,
protruding, lever arms are eliminated. The pres-
sure-relief valve must be properly set to prevent
severe injury from excessive pressure: these
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injuries may include broken ribs and internal
ruptures. Additional information on proper
adjustments can be found in Grandin (1980b,
1983b, 1990b). If an animal vocalizes (moos or
bellows) immediately after it is squeezed in a
hydraulic chute, the pressure setting must be
reduced. The valve must be set so that the
squeeze sides automatically stop squeezing before
excessive pressure is applied. This will prevent a
careless operator from applying excessive pres-
sure. Other indicators of excessive pressure are
laboured breathing and straining.

If the chute has an additional hydraulic
device attached to the headgate to hold the
head still, it must have its own separate pressure-
relief valve, which must be set at a pressure
much lower than the pressure required to oper-
ate the squeeze. Newer models have a quiet
pump and motor, in contrast to the older, noisy,
hydraulic squeeze chutes. Ideally, the pump and
motor should be removed and located away
from the animal. Some new squeeze chutes
have plastic inserts to reduce noise and prevent
metal-to-metal contact when gates open and close.

Carelessness and rough handling are the
major cause of injuries to cattle in squeeze
chutes (Grandin, 1980a), but there is still a need
to develop better restraint devices. Even under
the best of conditions, bruises directly attribut-
able to the squeeze chute occur in 2-4% of cat-
tle. In one study, bruises occurred in five out of
seven feedlots; 1.6-7.8% of the cattle had
increased bruises compared with animals which
had not been handled in the squeeze chute
(Brown et al., 1981). Observations also indicate
that cattle can be injured when the headgate is
suddenly closed around the neck of a running
animal. Cattle should be handled quietly so that
they walk into a squeeze chute and walk out.
Hitting the headgate too hard can cause
haematomas and bruises. Shoulder meat may
still be damaged when cattle are slaughtered.

Electronic measurement of usage
of restraint devices

Progressive managers have found that quiet
handling in squeeze chutes and reduction of the
use of the electric prod will enable cattle to go
back on feed more quickly. As stated in Chapters
1 and 20, this volume, continuous evaluation

and measurement of handling performance are
essential to prevent workers from becoming rough.

The technology is now available to elec-
tronically evaluate handling of cattle in a
squeeze chute. Australian researchers Burrow
and Dillon (1997) used a radar unit to measure
the speed at which cattle left a squeeze chute.
Animals that ran out at a high speed grew more
slowly. Voisinet et al. (1997) found that cattle
that became agitated in a squeeze chute had
lower weight gains. Canadian researchers have
developed ways of measuring how hard cattle
hit the headgate and to what extent animals
jiggled the squeeze chute (Schwartzkopf-
Genswein et al., 1998). They recorded jiggling
by recording signals from the load cells in the
electronic scale, which was already under the
squeeze. Electronic measurements of speed and
jiggling could easily be correlated with weight
gain, health records and feed conversion
(Grandin, 1998).

As more and more operations use elec-
tronic identification of cattle, electronic mea-
surement of animal behaviour — both in the
squeeze chute and at the exit — will be easy to
carry out. Vocalization scoring, described in
Chapters 1 and 20, this volume, can also be
used to evaluate handling in squeeze chutes.

Methods for measuring temperament

Many breed associations have incorporated
temperament (disposition) scoring into their sys-
tems for the evaluation of cattle. There are two
basic methods: recording reactions in the
squeeze chute and exit speed. Exit speed may
be a more sensitive indicator than visually
assessing struggling during restraint. A simple
visual scoring system that can be used in squeeze
chutes is shown below.

standing still
intermittent shaking
continuous shaking
violent struggling

A simple way to measure exit speed is to
use the traditional horse gaits of walk, trot or
canter (run). This method was more effective
for differentiating the temperament difference
between cattle breeds than restraint scoring
(Baszczak et al., 2005). Exit speed measured by
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a laser device was highly correlated with physio-
logical measures of stress (Curley et al., 2004,
2006; King et al., 2006). Exit speed may be
most valuable for assessing older cows that
have learned to stand still in the squeeze chute.
Scoring reactions to restraint is usually accurate
for younger animals that have had less experi-
ence with handling. Wegenhoft et al. (2005)
found that temperament scores at weaning were
predictive of the temperament of older cattle.

Even though exit speed may be less affec-
ted by learning than chute score, learning does
have an effect on it. Scores collected when cattle
first entered a feedlot had a stronger relationship
with cortisol levels than scores obtained after
the cattle had been in the feedlot for 70 days
(King et al., 2006). Exit speed scores were
significantly slower. In Nellore x Angus cattle,
sire had a significant effect on temperament
(Wegenhoft et al., 2005). A further study
showed that cattle with the fastest exit speeds
were most likely to have reduced weight gain
(Mtller and Von Keyserlingk, 2006).

Behavioural reactions to restraint

One of the reasons for cattle becoming agitated
in a squeeze chute is due to the operator being
deep inside their flight zone. They can see
him/her through the open bar sides. Cattle will
remain calmer in a restraining device which has
solid sides and a solid barrier around the head-
gate to block the animal’s vision (Grandin,
1992). Cattle struggled less in a restraint device
if their vision was blocked until they had been
completely restrained (Grandin, 1992). Cattle
are less likely to attempt to lunge through the
head opening if there is a solid barrier in front of
the head opening preventing them from seeing
a pathway of escape.

Restraint device designs that have been
successfully used in slaughter plants could be
adapted for handling on the ranch and feedlot
(Marshall et al., 1963; Grandin, 1992; see
Fig. 20.10). Most cattle stood quietly when the
Marshall et al. (1963) restraint device was
slowly tightened against their bodies (Grandin,
1993). Solid sides prevent the animals from see-
ing the operator or other people inside their
flight zone. Observations also indicate that cattle
unaccustomed to head restraint will remain

calmer if body restraint is used in conjunction
with head restraint. Head restraint without body
restraint can cause stress (Ewbank et al., 1992).
More information on the design and operation
of restraint devices can be found in Chapter 20,
this volume.

Breeders of American bison prevent inju-
ries and agitation by covering the open-barred
sides of squeeze chutes and installing a solid
gate (crash barrier) about 1.0-1.5 m in front of
the head gate. Covering the sides of a squeeze
chute so that the animal does not see the opera-
tor standing beside it will keep animals with a
large flight zone calmer. When bison are han-
dled, the top must also be covered to prevent
rearing. Commercially available squeeze chutes
are now available with rubber louvres on the
sides to block the animal’s vision (see Fig. 7.7).
The louvres are mounted on a 45° angle and
the drop bars on the side of the chute can still be
opened. A cow’s eye view of a squeeze chute
equipped with louvres may be found in
Grandin (1998). Covering the open barred
sides of a squeeze chute with cardboard will also
result in calmer cattle. Cattle will also enter the
squeeze more easily because they will not see
the squeeze chute operator who is deep in their
flight zone.

Cattle will remain calmer if they ‘feel res-
trained’. Sulfficient pressure must be applied to
hold the animal snugly, but excessive pressure
will cause struggling due to pain. There is an
optimal amount of pressure. If an animal strug-
gles due to excessive pressure, the pressure
should be slowly and smoothly reduced. Many
people mistakenly believe that the only way to
stop animal movement is by greatly increasing
the pressure. Sudden, jerky movements of the
apparatus will cause agitation, and smooth,
steady movements help keep the animal calm
(Grandin, 1992). Fumbling a restraining proce-
dure will also cause excitement (Ewbank, 1968).
It is important to restrain the animal properly on
the first attempt. See Chapter 20, this volume,
for more information on restraint.

Dark-box restraint

For artificial insemination and pregnancy testing,
mechanical holding devices can be eliminated by
using a dark-box race (Parsons and Helphinstine,
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Fig. 7.7.
This will facilitate cattle entry into the chute.

1969; Swan, 1975). This consists of a narrow
stall with solid sides, a solid front and a solid
top. Very wild cattle will stand still in the dark-
ened enclosure. A cloth can be hung over the
cow’s rump to darken the chamber completely.
Comparisons between a dark box and a regular
squeeze chute with open-bar sides indicated
that cows in the dark box were less stressed
(Hale et al., 1987). Further experiments indi-
cated that cortisol levels were lower in the dark
box, but heart rate data were highly variable
due to the novelty of the box (Lay et al., 1992c).

Blindfolding of both poultry and cattle
reduces heart and respiration rates (Douglas
et al., 1984; Jones et al., 1998; Don Kinsman,
personal communication) (see Chapter 5, this
volume). Mitchell et al. (2004) reported that
blindfolding Hereford x Angus x Charolais heif-
ers with several layers of opaque dark towel
resulted in less struggling in the squeeze chute
compared to control animals. Observations by
Jennifer Lanier in our laboratory showed that
blindfolds on American bison had to be opaque
to give the greatest calming effect. Installation of
a solid top on a squeeze chute also kept the
bison calmer.

If large numbers of cattle are inseminated,
two or three dark boxes can be constructed in a

Rubber louvres installed on the squeeze chute to prevent incoming cattle from seeing people.

herringbone configuration (McFarlane, 1976;
Canada Plan Service, 1984; Fig. 7.8). The outer
walls are solid, with open-barred partitions
between the cows. Side-by-side bodily contact
helps to keep cattle calmer (Ewbank, 1968). To
prevent cattle from being frightened by a novel
dark box, the animals should be handled in the
box prior to insemination.

The effectiveness of dark-box restraint is
probably due to a combination of factors, such
as blocking the view of an escape route and pre-
venting the animal from seeing people that are
inside its flight zone. Darkness, however, has a
strong calming effect. Wild ungulates remain
much calmer in a totally dark box. Small light
leaks sometimes cause animals to become agi-
tated. A well-designed dark box for domestic
cattle has small slits in the front to admit light
(see Fig. 7.9). Cattle will enter easily because
they are attracted to the light. For wild
ungulates, it may be desirable to block the slits
after the animal is in the box.

Adaptation to restraint

Cattle remember painful or frightening experi-
ences for many months (Pascoe, 1986), so the
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Fig. 7.8. Dark-box restraint races in a herringbone configuration. The solid sides restrict vision and keep
cattle calmer for artificial insemination and pregnancy testing.

use of aversive methods of restraint should be
avoided. Restraint devices should be designed
so that an animal is held securely in a comfort-
able, upright position. If a restraint device
causes pain, cattle will often become agitated
and refuse to enter the device the next time it is
used. For example, cattle restrained with nose
tongs will toss their heads and be more difficult
to restrain in the future compared with cattle
restrained with a halter (Grandin, 1987,
1989a). When cattle are restrained with a halter
for repeated blood sampling, they will often
learn to turn their heads voluntarily. Proper use
of the halter is described in Holmes (1991).

Tame animals can be trained within 1 day
to voluntarily enter a relatively comfortable res-
traint device for a feed reward (Grandin, 1984,
1989b). The restraint device should be intro-
duced gradually and care must be taken to
avoid hurting the animal. If the animal resists
restraint, it must not be released until it has
stopped struggling (Grandin, 1989a).

Tame animals can be trained more quickly
than wild animals. To reduce stress, a wild ani-
mal must be trained and tamed over a period of
days or weeks. The 1-day method (Grandin,
1989b) is recommended for tame animals.
Wilder, more excitable cattle became increas-
ingly agitated when they were repeatedly run
through the squeeze chute in one afternoon; the
wilder animals need time to calm down before
the next training treatment. Grandin et al. (1995)
and Phillips et al. (1998) found that many
weeks were required to train nyala and bongo
antelope to voluntarily enter a crate for injec-
tions and blood sampling. Each new sight or
sound had to be introduced very gradually in
tiny increments to avoid frightening the animals.
Very low, almost baseline, cortisol levels of 4.4—
8.5 ng/ml were obtained (Phillips et al., 1998).
Their study indicates that training an animal to
voluntarily cooperate greatly reduces stress.

Extensively raised beef cattle were res-
trained and had nine blood samples taken from
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the vena cava during a 16-day period. These
animals had large reductions in cortisol (stress
hormone) levels, and they became less excited
as the days progressed (Crookshank et al.,
1979). It appears that four or five restraint ses-
sions were required for the animals to become
accustomed to the procedure. After a 5-day
training period, which included three restraint
sessions, wild cattle still reacted to 20 min of
restraint with steadily increasing cortisol levels
up to 30 ng/ml (Lay et al., 1992a, b).

Tame animals, such as dairy cattle, which
have become accustomed to restraint devices,
will have a lower cortisol reaction. Possibly the
wild cattle in Lay et al.’s (1992a) experiment
had experienced some adaptation because their
cortisol levels did not rise to the high of 63 ng/ml
that had been recorded in a poorly designed
slaughter facility (Cockram and Corley, 1991).

Stahringer et al. (1989) found that, in
Brahman heifers, the excitable animals had
higher levels of serum cortisol than calm heifers.
Crookshank et al. (1979) also found that exten-
sively reared calves that had been subjected to
12 h of trucking and weaning shortly before
blood samping responded with increasing
cortisol levels of up to 46 ng/ml for the first four
samplings, and then levels dropped back down
for the last five. Cattle that were not subjected to
the added stress of weaning and transport had a
peak level of only 24 ng/ml during the entire
experiment. One can tentatively conclude that

Fig. 7.9. A cow’s eye
view into a well-
designed dark box.

Light slits attract the

cow in. In some facilities
the slits are covered after
the cow is in the box.

subjecting cattle to closely spaced, multiple,
stressful procedures will delay adaptation to
handling.

Learning and restraint

The use of highly aversive methods of restraint,
such as electro-immobilization, is not recom-
mended (Lambooy, 1985). An electronic immo-
bilizer restrains an animal by tetanizing the
muscles with electricity: there is no analgesic or
anaesthetic effect (Lambooy, 1985). Applica-
tion of the immobilizer to my arm felt like a dis-
agreeable electric shock. Cows which have
been immobilized had elevated heart rates 6
months later when they approached the chute
where they had received the shock (Pascoe,
1986).

A choice test in a Y-shaped race indicated
that sheep preferred the tilt squeeze table to
electro-immobilization. After one or two experi-
ences, sheep avoided the race that led to the
immobilizer (Grandin et al., 1986). When a choice
test is used to test aversiveness of restraint meth-
ods, naive animals that have never been in the
testing facility should be used. New cattle should
be used for each test.

Cattle that have developed a strong prefer-
ence for one of the races will often refuse to
switch races to avoid mildly aversive treatment,
such as being gently restrained in a squeeze
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chute (Grandin et al., 1994). Initially, they
quickly learn to avoid the aversive side, but they
often refuse to switch when aversive treatment
is switched to the other side. When the treat-
ments are switched, the animal’s brain registers
the switch because the amount of looking back
and forth at the decision point increases. How-
ever, cattle that had been accidentally struck on
the head by the headgate were more likely to
avoid the squeeze chute in the choice test
(Grandin et al., 1994).

From a species survival standpoint, it makes
sense to keep going down the previously
learned safe path if something mildly aversive
happens — such as being restrained gently by
the headgate, but when something really
aversive happens, such as being struck on the
head or electrically immobilized, the animal
will immediately switch paths to avoid the
headgate. Deer show a similar reluctance to
change. After 18 training sessions with no
aversive treatment, deer still quickly entered a
race after the first aversive treatment (Pollard
et al., 1992).

Cattle will learn to differentiate between a
head stanchion that strikes them on the head
and a scale that causes no discomfort. Cattle
that were handled five times became progres-
sively more willing to enter a single-animal scale
and somewhat less willing to enter a squeeze
chute (Grandin, 1993). However, many of the
animals that refused to enter the squeeze chute
entered the squeeze section willingly but refused
to place their head in the headgate stanchion.
They had learned that pressure on the body
does not cause discomfort, but the headgate
stanchion hurts when it slams shut. Cattle were
also more likely to become agitated in the
squeeze chute: 2% of the animals became agi-
tated on the scale but 13% became agitated in
the squeeze.

Research by Virginia Littlefield in our labo-
ratory has shown that cattle will habituate to
repeated daily restraint in a squeeze chute if
handled gently. The animals baulked less on
each successive day and became less and less
agitated in the squeeze chute. However, they
will become harder and harder to drive into
a squeeze chute if electric prods are used
(Gooneswarden et al., 1999).

The animals in our study were all
restrained in a chute with a stanchion-scissors

headgate, and care was taken to avoid striking
them on the head. Some headgate designs are
more likely to be aversive to cattle than others.
Poorly adjusted, self-catching headgates may
hurt the shoulders or put excessive pressure on
the animal’s neck. Pollard et al. (1992) made a
similar observation in deer. Heart rate increased
when the deer approached the second treat-
ment for antler removal, but it decreased when
they approached the second restraint-only
treatment.

Animals make specific associations

The associations that animals make appear to
be very specific. Cote (2003) reported that cat-
tle may become afraid of specific places where
they have had a frightening or painful experi-
ence. Animals create fear memories of specific
objects associated with a bad experience.
Grandin and Johnson (2005) described a horse
that became afraid of black cowboy hats
because he had been abused by a person wear-
ing a black hat. This fear memory was very spe-
cific, as a white cowboy hat had no effect. Tame
sheep approached a familiar person more
quickly than did wild sheep.

Practical experience has shown that cattle
can recognize a familiar person’s voice.
Research with pigs indicates that they can rec-
ognize people by the colour of their clothing
(Koba and Tanida, 1999). Behavioural mea-
surements of struggling indicated that taming
did not generalize to other procedures such as
shearing or handling in a race (Mateo et al.,
1991). However, an animal’s learning will gen-
eralize to another similar situation. Cattle which
had been handled four times in the same
squeeze chute and single-animal scale were
able to recognize these items when they were
handled at a different location with a slightly
different scale and squeeze chute.

Taming may reduce stress, even though
the animal struggles during restraint. Free-ranging
deer had cortisol levels that were more than
double the levels in hand-reared deer during
restraint (Hastings et al., 1992). Both groups
vocalized and actively resisted restraint. To
reduce stress and improve welfare, livestock
should be acclimatized to both people and spe-
cific procedures.
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Dip vat design and management

Pharmaceutical products, such as ivermectin,
have replaced dipping for external parasites in
many places. Design information can be found
in Hewes (1975), Texas Agricultural Extension
Service (1979), Fairbanks et al., 1980; Grandin
(1980a, c, 1997b), Sweeten (1980), Kearnan
et al. (1982), Sweeten et al., 1982, Midwest Plan
Service (1987), and http://www. grandin.com

Conclusions

Curved races and round crowd-pen and corral
layouts that eliminate square corners facilitate
efficient and humane handling of cattle under
extensive conditions. These systems utilize

behavioural principles, such as the natural ten-
dency of cattle to go back from whence they
came. Proper layout is essential, as layout mis-
takes can ruin efficiency. Wild cattle will be
calmer and less stressed if their vision is blocked
by solid walls on races and restraint devices that
prevent them from seeing people, moving
objects and other distractions outside the facility.

Stress can be reduced by gentle handling,
training of animals and the use of relatively
comfortable methods of restraint. Animals often
panic when they slip, so non-slip flooring is
essential in races and squeeze chutes. Cattle will
remain calmer in a squeeze chute if the design
enables them to stand and easily keep their bal-
ance. There is an optimum pressure for holding
an animal of not too tight and not too loose. A
common mistake is to squeeze an animal too
tightly in a squeeze chute.
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Introduction

Dairy cattle should be kept clean, dry and com-
fortable. Early research in Indiana, USA, showed
economic and welfare advantages in providing
housing for dairy cows during the cold winter
months instead of leaving them outside (Plumb,
1893). To enrich their environment and to improve
overall health and well-being, whenever possi-
ble cows should be moved from indoor stalls
into the outdoor pen or pasture, where they can
groom themselves and one another (Wood,
1977; Bolinger et al., 1997), stretch, sun them-
selves, exhibit oestrus behaviour and exercise.

Exercise decreases the incidence of leg pro-
blems, mastitis, bloat and calving-related disorders
(Gustafson, 1993). Outdoor exercise improved
bovine health and well-being regardless of tie-
stall or free-stall housing (Regula et al., 2003).
Free-stall housed cows with outdoor exercise
had the best claw health (Bielfeldt et al., 2005),
suffered less from lameness, tarsal joint lesions,
teat injuries and required fewer medical treat-
ments (Regula et al., 2004).

Providing a portion of the daily ration in
an outdoor exercise vard effectively doubled
the amount of time cows spent outside (Stumpf
et al., 1999). After 60 days of exercise training,
Davidson and Beede (2003) found cows exer-
cised on treadmills to have improved fitness
via reductions in heart rate and plasma lactate

concentrations. Considerate handling of dairy
cows helps to improve productivity. Other topics
which will be covered in this chapter are milking
centre design, cow behaviour and transport.

Housing and Facilities

Housing systems vary widely, from fenced pas-
tures, corrals and exercise yards with shelters to
insulated and ventilated barns with special equip-
ment to restrain, isolate and treat cattle. Gener-
ally, self-locking stanchions/headlocks (one per
cow), corrals and sunshades are used in warm,
semi-arid regions. Free-stall housing with open
sides (or no side walls) is common in hot, humid
areas with rainfall > 64 cm/year or 25-30 cm in
a 6-month period, e.g. San Joaquin Valley in
California, USA (D.V. Armstrong, Arizona, 1999,
personal communication).

The range of effective dimensions for pens
and stalls for calves, heifers, dry cows, maternity
or isolation, special needs, milking cows and
mature bulls is constantly evolving as more infor-
mation regarding the needs and behaviour of
cattle is refined. Graves et al. (2006) provide
design information for housing special-needs
cows, which is increasingly important as herds
become larger. The second author found many
producers considering compost pack barns
(Janni et al., 2006) for their special-needs cows.
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Cows housed in compost pack barns suffered zero
lesions to the hocks and stifle joints (Fulwider,
unpublished data). Hughes (2001) notes that the
Holstein is 15 cm taller at the shoulder and
30 cm longer nose to tail, carries 50 kg between
her legs and is much more stressed than the Hol-
stein of 30 years ago. Unfortunately, many cows
are housed in barns designed for a smaller cow,
resulting in more mastitis, lameness and swollen
hips, hocks and stifle joints (Hughes, 2001).
Anderson (2003) advises sizing stalls for the top
25% of cows in any group, while Tucker et al.
(2004) suggest that wider stalls will result in lon-
ger lying times and less time spent standing with
only front feet in the stall. Recommended sizes of
free-stalls and tie-stalls as related to weights
of Holstein female dairy cows were revised
(McFarland, 2003; Table 8.1).

Maintaining high standards of hygiene may
increase productivity while minimizing the inci-
dence of mastitis, endoparasitic and foot infec-
tions. Two studies (Schreiner and Ruegg, 2003;
Reneau et al., 2005) found poor hygiene of the
hind legs and udder to be associated with an
increase in somatic cell scores. In addition,

unacceptable to present milking centre opera-
tors with cows requiring extensive cleaning. He
also states that it would be wise for the dairy
industry to remain free from reproach, since
abattoirs have set cleanliness standards for ani-
mals sent to slaughter since the Escherichia coli
0157 outbreak in the mid-1990s.

Current trends and recommendations favour
keeping dairy cows on unpaved dirt lots in the
western USA and on concrete or pasture in
northern USA throughout their reproductive
lifetimes. Concrete floors should be grooved to
provide good footing and to reduce injury
(Albright, 1994, 1995; Jarrett, 1995). The con-
crete surface should be rough but not abrasive,
and the micro-surface should be smooth
enough to avoid abrading the feet of cattle
(Telezhenko and Bergsten, 2005).

Dairy cow locomotion was studied on
flooring with four different coefficients of static
friction (Phillips and Morris, 2001). The opti-
mum coefficient of static friction was found to
be u = 0.4-0.5. Cows walk at a slower pace
and display a different walking pattern in the
presence of slurry when compared to dry or

Hughes (2001) further

notes that it is

wetted concrete (Phillips and Morris, 2000).

Table 8.1. Free-stall design: recommended dimensions for cows (from McFarland, 2003).
Weight of cow (kg)
Dimension' 550 650 750

Ls = total stall length? (mm)

LH = head space length (mm)

LL = lunge space length (mm)

LN = length to neck rail (mm)

LB = length to brisket board (mm)

Lp = stall partition length (mm)

HN = height to neck rail (mm)

Hp = stall partition height (mm)

HB = brisket board height (mm)

Hc = stall kerb height (mm)

HE = stall entry height (mm)

HL1 = lunge clearance lower, (mm, max.)
HL2 = lunge clearance upper, (mm, min.)
Ws = stall width, centre to centre (mm)
SB = stall base slope (%)

OF: 2030-2185
CF: 2335-2490

OF: 2135-2285
CF: 2440-2590

OF: 2285-2490
CF: 2590-2745

430 455 480
355 380 405
1575-1625 1675-1725 1775-1825
1575-1625 1675-1725 1775-1825
(Ls—355) to Ls (Ls—355) to Ls (Ls—355) to Ls
1065-1170 1120-1220 1170-1270
1065-1170 1120-1220 1170-1270
10-15 10-15 10-15
150-250 150-250 150-250
300 300 300
280 280 280
815 815 815
1090-1145 1145-1220 1220-1320
1-4 1-4 1-4

1Outer edge of the kerb to the brisket board
20F = open-front stall; CF = closed front stall
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Vokey et al. (2003) noted that cows housed in
barns with rubber alleys and sand stalls main-
tained balance between the lateral and medial
claw, and had the lowest net growth of dorsal
wall as compared to cows in other stall and alley
configurations.

Data are limited on the long-term effects of
intensive production systems; however, concern
has been expressed about the comfort, well-
being, behaviour, reproduction and udder, foot
and leg health of cows kept continuously on
concrete. As a safeguard, many cows are moved
from concrete to dirt lots or pasture, at least dur-
ing the dry period. Also, rate of detection and
duration of oestrus are higher for cows on dirt
lots or pastures than for cows on concrete (Britt
et al., 1986).

The second author visited 113 dairies dur-
ing 2005-2006 and observed cows exhibiting
increased activity on dry rubber flooring in
walkways, as well as cows avoiding concrete
areas when rubber flooring was an option. Dair-
ies in north-eastern USA reported successful use
of pedometers for heat detection. The link
between walking activity and fertility shows the
potential of the pedometer as a tool for increas-
ing fertilization rates (Lépez-Gatius et al., 2005;
Roelofs et al., 2005; van Eerdenburg, 2006).

Cows seek their own level of comfort (see
Fig. 8.1). Physical accommodations for dairy

Fig. 8.1.

cattle should provide a relatively clean dry area
for the animals to lie down and be comfortable
(Jarrett, 1995). It should be conducive to cows
lying for as many hours of the day as they desire.
It is also essential to provide enough stalls or
space so that cows do not have to wait when
they want to lie down. For every hour of resting
> 7 h daily, a cow should produce an extra 1 kg
of milk (Grant, 2004, 2005). Blood flow to the
udder, which is related to the level of milk pro-
duction, is substantially higher (28%) when a
cow is lying than when standing (Metcalf et al.,
1992; Jarrett, 1995). Table 8.2 illustrates the
daily time budget for a typical dairy cow (Grant

Table 8.2. Daily time budget for typical cow
in milk (courtesy R. Grant, Miner Agricultural
Research Institute, Chazy, New York).

Activity Time spent/day (h)
Eating 5.5 (9—14 meals/day)
Resting 12-14 (including

6 of rumination)

Standing or walking 2-3
in alleys (includes

grooming, rumination,

other)

Drinking 0.5
Total time needed 21-22

Fair Oaks cows. Given the opportunity, cows will seek their level of comfort in well-designed

stalls that have plenty of space for a cow to stretch out and relax, as on this well-managed dairy.
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2004, 2005). Producers must be mindful that
cows have little time to spare, and time away
from the pen should be minimized.

Heat stress affects the comfort and productiv-
ity of cattle more than does cold stress (Hillman
et al., 2005; Van Baale et al., 2006). Milk pro-
duction can be increased during hot weather by
the use of sunshades, sprinklers or other meth-
ods of cooling (Roman-Ponce et al., 1977,
Armstrong et al., 1984, 1985; Schultz et al.,
1985; Buchlin et al., 1991; Armstrong, 1994;
Armstrong and Welchert, 1994; Gordie L.
Jones, 2006, personal communication) as
well as by dietary alterations. Brown Swiss
tolerate heat stress better than Holsteins
(Correa-Calderon et al., 2005).

In 2000, near Fair Oaks, Indiana, USA,
third-generation Dutch-descent dairy families
from Michigan and Western states rejuvenated
dairying in Indiana by developing multiple
3000-cow units. Cow comfort, cleanliness, milk
quality, nutrition and high milk production are
emphasized, and they conduct public tours.
Milking cows are housed in free-stall barns bed-
ded with sand (see Fig. 8.1). When tempera-
tures are > 21°C in the barn, the animals are
cooled by sprinklers and fans. Cooled cows are
found to produce 36 kg of milk as compared to
32 kg in uncooled cows (Gordie L. Jones, 2005,
personal communication).

The importance of lighting is much over-
looked in many of today’s dairies. There may
be advantages to providing good lighting, which
isn’t utilized despite evidence that cows may
produce more milk (Phillips et al., 2000; Dahl,
2006). Bright lighting also provides a more
pleasant working environment. Dahl (2006)
makes a case for the incorporation of red light
when cows should be experiencing night. Infor-
mation with regard to proper lighting is avail-
able at http://www.traill.ucic.edu/photoperiod/

Bedding

Comfortable stalls are of the utmost importance
to high-yielding dairy cattle. Of all the factors
that encourage cows to use free-stalls, the condi-
tion of the bed is likely to be the most important
(Bickert and Smith, 1998; Weary and Tucker,
2006). When choosing a stall bed, producers
must consider climate, how management of the

bed will impact manure handling and how these
decisions will affect the herd.

A Wisconsin study found that cows favour
the softest available stall beds (Fulwider and
Palmer, 2004b). They also favoured different
beds at different times of the year due to clima-
tic change (Fulwider and Palmer, 2004a). Cows
preferred waterbeds over all other available
bases during the cold of winter, probably due to
their ability to retain warmth. Waterbeds must
be well-bedded until the animals are acclimated
to the ‘wobbly’ nature of this bed type. It may
be advisable to acclimatize heifers to waterbeds
before they are turned in with a milking group
maintained on waterbeds.

Stalls should have bedding to allow for
comfort. Wood shavings, straw or other fibrous
material over rubber mats and mattresses help
keep the base dry, minimizing the potential for
bacterial infection, as well as being a ‘lubricant’
between the cow’s skin and the mattress and to
insulate the udder against cold temperatures.
Some producers recess rubber crumb-filled matt-
resses and bed with sand (Mowbray et al., 2003),
effectively providing the benefits of each bed type.

What cannot be denied are the benefits of
sand regarding conformation of the cow, reduc-
tion of pressure on the joints, distribution of
weight and provision of unparalleled traction.
Finding a reliable, inexpensive source of high-
quality sand (with no rocks or pebbles that might
cause hoof damage or lameness) — and dealing
with the high labour component and manure-
handling complications that go with sand —
deter many producers from utilizing this stall
base type. Sand beds require a lot of mainte-
nance. If the beds are not kept full (level with
the kerb), the amount of time spent lying is sig-
nificantly reduced (Drissler et al., 2005). Very
fine sand does not stay in place, clinging to
teats and udders, and needs to be removed at
milking time.

Bedding should be non-abrasive, absorbent,
free of toxic chemicals or residues that could injure
animals or humans and of a type not readily
eaten by the animals. Bedding rate should be
sufficient to keep animals dry between additions
or changes. Any permanent stall surface, includ-
ing rubber mats, should be cushioned with dry
bedding (Albright, 1983; Albright et al., 1999).

On the other hand, what is in front of the
cow has as much to do with comfort as what is
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under her (S.D. Young, Ontario, Canada, 1999,
personal communication). If neck rails are
placed too low, the cow may feel cramped and
be reluctant to enter or use the stall(s) (Albright
and Arave, 1997). Tucker et al. (2005) suggest
that producers may wish to use the neck rail to
keep cows from standing in and soiling stalls
and provide a comfortable flooring surface in
the alley for standing on. Fulwider and Palmer
(2005) reported that cows spent less time stand-
ing in stalls when rubber alley mats were
installed. This may also increase the useful life
of beds (avoid beds that are too hard — con-
crete, concrete with solid rubber mats or
compacted earth).

Swollen hocks and stifle joints result from a
bed that does not provide sufficient cushion.
Wechsler et al. (2000) reported that cows on
mats and mattresses had a higher incidence of
hairless patches, scabs and wounds on the car-
pal and tarsal joints than those on straw beds.
Findings by Sogstad et al. (2006) indicate that
cows with wounds and swellings at the tarsus
have more clinical mastitis and teat injuries.
They further related that free-stall cows suffer
from a higher prevalence of metabolic claw and
infectious lesions than do tie-stall cows. Fulwider
et al. (2007) found that cows maintained on
waterbeds or in sand stalls suffered fewer hock
lesions than cows kept on rubber-filled mattresses.

Mattresses are soft when they are new, but
filling becomes compacted and the surface
becomes extremely hard within a few months.
Recessing mattresses several centimetres below
the kerb allows for the addition of deep sand or
other bedding, thus reducing tarsal joint lesions.
This may, however, result in lesions at the tuber
calcis when contacting the cement kerb at the
rear of the stall if the depth of the additional
bedding is allowed to become too low (Mowbray
et al., 2003). The second author saw this suc-
cessfully implemented on one dairy: PVC plas-
tic pipe was mounted at the rear of stalls to hold
sand. The PVC pipe is non-abrasive and those
cows had no lesions.

Weary and Taszkun (2000) found that the
number and severity of lesions increased with
age and that the length of stall for cows on deep-
bedded sawdust was associated with severity of
lesions. Stalls that are too short are also associ-
ated with more lesions. Lameness issues were
further investigated by Sogstad et al. (2006):

heifer lameness prevalence was low, but 29%
had at least one lesion. Heifers in tie-stalls had
fewer heel/horn erosions, sole haemorrhages
and white line fissures than those in free stalls.

Recently, Weary and Tucker (2006) focused
on the latest in free-stall comfort as follows: (i)
neck rail: cows prefer these higher and closer
to the front of the stall; (ii) brisket board: lying
times are longer when these are removed; (iii)
stall partitions: cows prefer these wide apart —
> 123 cm improves lying time and reduces
standing; (iv) stall surface: plentiful bedding pre-
vents injuries and improves lying time; and (v)
standing surface: cows prefer soft, dry surfaces
(also at the feed bunk and alleyways), which
can help prevent injuries and diseases. Tucker
et al. (2006) suggest new approaches to dairy
cow housing are needed.

Milking centre design

Until the advent of centralized milking centres,
most cows were milked in their stalls. A disad-
vantage of this method is that it is labour inten-
sive and hard on the knees of those milking the
cows. The idea of milking cows on an elevated
herringbone platform originated in Australia
(O’Callaghan, 1916; Albright and Fryman, 1964).
Early US designs enabled a single person to
milk two cows while seated on a swivel chair or
to use elevated side-opening milking centres
(Albright and Fryman, 1964). Due to labour
shortages and high wages, New Zealand dairy
farmers were motivated to develop rotary cen-
tres (Gooding, 1971). At the time, these turnstile
systems were a great innovation, but had high
maintenance costs.

Simple layouts with automated gates and
milking machine detachers became popular.
Possibly due to shorter walking distances (Smith
et al., 1998) and greater efficiency and automa-
tion at the entry and exit points, currently there
is a new wave of much larger rotary milking
centres available for larger herds in the USA
(see Fig. 8.2). Quaife (1999) claims that today’s
rotary milking centres (see Fig. 8.3) will remain
a viable option for some larger producers and
not fade away like they did in the 1970s. Since
2000, Fair Oaks and other nearby 3000-cow
multiple unit dairies are milking their cows on
72-cow rotary milking centre platforms.
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Fig. 8.2.

Rotary parlour. New, large dairies prefer rotaries with 70-100 milking units. A large rotary is

more efficient than older, smaller rotaries designed for 20-30 cows (diagram courtesy of Delaval, Inc.).

Extensive time and motion studies have been
conducted on different milking centre designs
(Armstrong and Quick, 1986; Armstrong, 1992).
The addition of automation, such as powered
gates, has enabled simple designs — such as her-
ringbones, trigons and polygons — to achieve
greater labour efficiency than the early, smaller
rotaries. Good reviews of these simple designs
of different milking centre layouts can be found
in Bickert (1977), Armstrong (1992) and Mid-
west Plan Service (2000).

The most common design used to be the
herringbone, where two rows of cows were
milked from a central pit. Currently, the parallel

milking centre is the most commonly installed
design in the USA. The milking machines are
attached from the rear between the cow’s legs
instead of from the traditional side position.
During milking, the cows stand at 90° relative to
the pit. All the cows are released at once after
milking by lifting either an entire row of stan-
chions or a long bar which runs in front of the
animals. This design is more efficient than
older-style herringbones that did not have the
rapid-exit feature. Herringbone milking centres
with the rapid exit design combine some of the
best features of both herringbones and parallel
milking centres. New heifers are easier to train to
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a herringbone and the cows can easily be milked
from the side (Armstrong et al., 1989, 1990),
especially with rapid-exit stalls (see Fig. 8. 4).
Much has been made about getting cows to
move more quickly into the milking centre. Cows
were observed to self-load with ease in large
milking centres staffed by one milker (Fulwider,

Fig. 8.3.

unpublished data). While one side was prepar-
ed and milkers attached, the other side loaded
with no trouble. When milking centres are over-
staffed, people get in the way. One producer
was in the process of adapting his cows to come
in without grain and it was not going well.
Ceballos and Weary (2002) found that small

Rotary milking centre, Turlock, California. These California Jerseys take a turn on the rotary.

Cattle are easy to train to enter and exit the rotating platform: training often takes only 3 days.

Fig. 8.4.

Herringbone rapid-exit brisket bar. The straight, rapid-exit brisket bar in a herringbone allows

cows and heifers of various sizes to be milked together with ease and maximum comfort. Longer cows
slide along the bar. Heifers may adapt more easily to being milked in a herringbone. Cows of varying age,
size and infirmity may have difficulty making the sharp turn into a parallel milking centre (photograph

courtesy of Delaval, Inc.).



116

J.L. Albright and W.K. Fulwider

quantities of feed reduced the need to push
cows or use other interventions that might nega-
tively affect the animals. Producers with robotic
milking systems effectively utilize feeding moti-
vation to entice cows into the robot. Halachmi
et al. (2006) suggest there is an opportunity to
increase milk yields by feeding pellets rich in
digestible neutral detergent fibre to selected
high producers.

The use of a powered crowd gate to make
the holding pen smaller induces cows to enter the
milking centre voluntarily. Crowd gates should
not be used to forcibly push cows or apply elec-
tric shocks. Automatic alley scrapers and crowd
gates can cause injuries resulting in death or the
need to dispose of cows prematurely. According
to Fahey et al. (2002), the length of time in the
holding pen indicates that exposure of cows for
short (40 min) to increased (120 min) stays does
not significantly affect production or stress indi-
cators in the short term (4 weeks).

Proper training of cows and of milking centre
operators will also improve the efficiency of move-
ment through the facility. Cows should be enco-
uraged to enter voluntarily without prodding.

Fig. 8.5.

The milker should avoid leaving the pit to chase
the animals as this conditions them to wait
for the milker to come after and chase them into
the milking centre. Cows also have individual
preferences for music, weather, certain people
and which side of the milking centre they will
enter (Albright et al., 1999). Since cows are
creatures of habit, it is imperative to be consistent
from one milking to the next.

Automation and robotic milking

Housing and herd management developments
have important effects on the well-being of dairy
cattle, and the cattle enterprise is well suited to
the application of electronics and automation
(Albright, 1987; Smith et al., 1998). Robotic
milking centres have the greatest potential eco-
nomic benefit for the 50-120-cow dairy (Rotz
et al., 2003). The second author (2005) had the
opportunity to visit six dairies utilizing robotic
milking centres in Canada (see Fig. 8.5). Pro-
ducers appreciated that the robot gave them
the opportunity to, for example, attend their

Robotic milking centre. Proper design of entrance and exit gates is very important in preventing

dominant animals from blocking others. Robotic milking may provide the ultimate in cow choice as the
cow is free to choose when to feed, rest and be milked, as well as how often. Robots are popular on smaller

family dairies.
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children’s school events without having to plan
around milking times. They also reported having
more time to tend cows without the drudgery of
milking.

The robotic units are helping small family
dairies to stay in business and avoid the hassles
of hired labour. It should also be noted that
cows have more resting time in this system as
the hours normally spent walking to and stand-
ing in the holding area have been eliminated.
Cows have much more freedom to choose when
to feed, rest, socialize or be milked, as well as
how often to be milked.

Rodenburg (2004) has noted that most
conventional free-stall barns can be successfully
adapted for robotic milking systems. For pro-
ducers who may be concerned about the adap-
tation of cows to the robotic milking centres,
Weiss et al. (2004) have indicated that this var-
ies widely between animals, but all adapt within
days. Cows may be attracted to the milking
centre by the desire to feed or to be milked,
although motivation to feed is given first priority
(Melin et al., 2006). When robot-milked cows
were exposed to pre-recorded calf vocalizations,
24-h milk, number of milkings and milking time
were not significantly different from those of
cows in the control group, nor was any differ-
ence detected in behaviour after exposure to
the recordings (Jones et al., 2005).

Graziers may also utilize this technology.
Sporndly and Wredle (2005) recommend pro-
viding water in the pasture area for animal
welfare reasons, but have found no negative
effect in water provided only at the barn with
walking distance up to ~300 m. Behavioural
and physiological responses of robotically and
conventionally milked cows have been studied
(Hopster et al., 2002; Hagen et al., 2004). They
reported that conventional and robotic milking
were equally acceptable with regard to cow wel-
fare. Halachmi (2004) reported that a mathe-
matical simulation model may be useful in
optimizing dairy facility efficiency and layout and
should be utilized before construction begins.

Pastell et al. (2006) have assembled a sys-
tem in a robotic milking centre that can weigh
the cow while analysing her step and kick beha-
viour while in the robot, and how it may change
over time. Preliminary data analysis indicate
that this system is very promising for early
detection of limb and hoof disorders.

Over time, capital investments for comfort and
sanitary requirements have increased markedly.
Labour-saving practices have been developed
to reduce the drudgery of dairy farming. Many
top-producing cows continue to be housed and
milked in labour-intensive tie-stall barns. For these
tie-stall barns with improved design (Zurbrigg
et al., 2005), there are now silo unloaders, gutter
cleaners, battery-operated silage carts, portable
straw choppers, automatic detaching milking
machines with low milk lines and mechanized
manure handling.

Behaviour and Management

Few scientific data are available on cows and
grooming. Cows with access to motorized bru-
shes have a glossier hair coat than others. The
second author has observed that animals will
actively seek out the motorized brush and apply
it to many parts of the head and body (see
Fig. 8.6). Producers reported that cows without
access to an automatic brush during the dry
period would spend a few days at the brush
upon return to the milking barn. Cows were also
reported to spend time at the brush immediately
after calving. The second author noted that some
dairies that did not wish to invest in multiple
brushes often placed a single one in a common
walkway.

The dairy cow has been called ‘the foster
mother of the human race’ (Rankin, 1925). A
relationship develops between the milker and
the cow which is a vital part of the milk extrac-
tion process and, as machine-milking took over
from hand-milking, this relationship was consid-
ered by many to have diminished. After her calf
is removed, the cow is milked with a minimum
of manual stimulation in highly automated
surroundings.

Individual differences were noted regard-
ing behavioural and physiological responsive-
ness in primiparous cows. Van Reenen et al.
(2002) evaluated primiparous heifers for stress
responses at the first machine-milking on days
2, 4, and 130 of lactation. Elevated heart rate
was associated with inhibition of milk ejection
on days 2 and 4. A reduced level of fear may be
established by 30 sessions of prepartum udder
massage (Das and Das, 2004), resulting in
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Fig. 8.6. Motorized brush. Cows seek out this brush to groom themselves. It is well-worn, and less than

1 year old. This motorized brush is located in the walkway and accessible to 400 cows as they enter and
exit the milking centre. Producers who have provided motorized brushes for their cows report that cows
spend the bulk of their free time for days at the brush if they have been previously kept in a pen without
one (e.g. during the dry period). Cows that have access to a brush in the calving pen may seek comfort by
the brush immediately after calving. Producers who provide a brush for cows in each pen claim that use of
this device results in cleaner, glossier cows. Some producers have chosen to mount a brush in the walkway
to be accessed as cows approach and return from the milking centre (from Fulwider et al., unpublished).
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reduced restlessness (P < 0.05), faster milk let-
down (P < 0.01), higher milk flow rate (P < 0.01)
and decreased defecation and urination rates
(P<0.05).

For as long as cows have been milked,
there has existed the art of care that results in
more milk from healthier, contented cows. It has
been recognized that the dairy cow’s productiv-
ity can be adversely affected by discomfort or
maltreatment. Alert handlers have the percep-
tion and ability to read ‘body language’ in ani-
mals. For example, healthy calves and cows will
exhibit a good stretch after they get up, then
relax to a normal posture. Increased standing of
cattle is now often taken as a sign of discomfort
or discontent in studies of cow and calf confine-
ment (Albright, 1987).

Cattle under duress show signs of distress
by bellowing, butting or kicking. Behavioural
indications of adjustments to the environment
are always useful signs of whether the environ-
ment needs to be improved. In some cases, the
way animals behave is the only clue that stress
is present (Stephens, 1980; Albright, 1983).
Looking-up behaviour in the holding pen has
been linked to low motivation to be milked
due to fear of humans (Ishiwata et al., 2005).
This behaviour was most common in cows
during lactation three and under, positively cor-
related with flight-starting distance and milking
centre entrance order, and negatively correlated
with productivity.

Clues to a cow’s mood and condition can
be obtained by observing the animal’s tail. When
the tail is hanging straight down, the cow is
relaxed, grazing or walking, but when the tail is
tucked between the cow’s legs, it means the ani-
mal is cold, sick or frightened. During mating,
threat or investigation, the tail hangs away
from the body. When galloping, the tail is held
straight out, and a kink can be observed in the
tail when the animal is in a bucking, playful
mood (Kiley-Worthington, 1976; Albright, 1986a;
Albright and Grandin, 1993; Albright and Arave,
1997).

According to Kiley-Worthington (1976), when
studying the cause and function of tail move-
ment it is necessary to consider the whole pos-
ture of the animal as well as the contexts that give
rise to it. In cattle (and horses), the immediate
association one makes with lateral tail move-
ments is with cutaneous irritation. In these species

there are morphological changes of the tail that
point to its use as a fly switch.

Tail-docking

Docking of tails is a controversial yet common
practice performed on cows that are milked
from the rear or have a filthy switch (the tail
end). Tail-docking has been prohibited in the
UK. Some other European countries and the
Canadian and American Veterinary Medical
Associations officially oppose routine tail-
docking in dairy cattle (Stull et al., 2002). Under
conditions of high fly numbers, tail-docked heif-
ers’ tail-flick more often with their tail stump and
are forced to use alternative behaviours such as
rear leg-stomps and head-turning to try to rid
themselves of flies. More flies settle on tail-docked
cows than on intact cows; the proportion of flies
settling on the rear of the cow increases as tail
length decreases. Grazing and rumination are dis-
turbed when fly attacks are intense, and substa-
ntial losses to the US cattle industry have been
attributed to flies causing interference with grazing
(Albright et al., 1999).

Excellent fly control is therefore especially
important for tail-docked cattle. A study of tail-
docking in New Zealand (Matthews et al., 1995)
found no difference in cortisol concentrations
between docked and intact cows, but there were
differences in milk yields, body weights, somatic
cell counts, frequency of mastitis or milker com-
fort among the treatments studied (intact tails,
trimmed tails, docked tails). Tucker et al. (2001)
found little merit for tail-docking with regard to
cow cleanliness, udder cleanliness and health,
though they reported significant differences in
cleanliness between cows.

Research on tail-docking by the USDA-
ARS Livestock Behavior Research Center and
Purdue University scientists from 1997 to the
present demonstrated that well-being of calves
(at docking) and heifers and cows (after docking)
can be compromised by acute pain, increased fly
numbers and irritation, and by signs of increa-
sed sensitivity or chronic pain in the stump
(Eicher et al., 2000, 2001; Eicher and Dailey,
2002; Eicher, personal communication, 2006).
Trimming the switch with clippers is preferred
(Albright et al., 1999) as an alternative to
tail-docking in dairy herds (Stull et al., 2002).
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Tail stumps make it more difficult to breed cows
using artificial insemination.

Stray voltage

Stray electrical voltages from malfunctioning
electrical equipment can cause discomfort to
dairy cows and thus lower milk production.
Numerous research studies have quantified the
physiological and behavioural responses of dairy
cattle to electrical currents (Lefcourt, 1991;
Aneshansley et al., 1992; Hannah, 2002). The
electrical currents required for perception,
behavioural change or physiological effects to
occur are widely variable. Dairy cows can feel
very low voltages of only 1.0 volt when they
occur between a water bowl and the rear hooves
(Gorewit et al., 1989).

Reinemann et al. (2005) stated that the
current level required to produce a behavioural
response was less than that required to cause a
short-term reduction in feed and water intake
and milk production. Some cows in the study
responded by submerging the entire muzzle in
the water bowl, effectively providing a larger
contact surface area while reducing the maxi-
mum local current density in the muzzle.
Reinemann et al. (2004) also noted that if cows
have adequate time to consume water between
current pulses, water was consumed at the same
rate as in the absence of any current stimulus.

The sources of relatively small amounts of
electrical currents passing through animals are
often very difficult to locate. Stray voltage or
electrical currents may arise because of poor
electrical connections, corrosion of switches,
frayed insulation, faulty equipment or heavily
loaded power lines.

Information on how to detect and correct
stray voltage problems has been available for
some time (Appleman, 1991). Periodic evalua-
tion of facilities for stray voltage is suggested.
Solutions include voltage reduction, control of
sources of voltage leakage, gradient control by
use of equipotential planes and transition zones,
and isolation of a portion of the grounding or
grounded neutral system from the animals.
Proper installation of electrical equipment and
complete grounding of stalls and milking centre
equipment should help prevent stray voltage
problems. Although stray voltages and electrical

currents cannot be totally eliminated, they can
be reduced (Albright et al., 1991; Lefcourt,
1991; Gorewit et al., 1992). Graves (2006) con-
cludes that stray voltage must not be used as an
excuse for poor management practices that cause
low milk production or high somatic cell counts.

Social Environment

Dairy cattle are social animals that function
within a herd structure and follow a leader to
and from pasture or milking centre. Cows exhibit
wide differences in temperament, and their
behaviour is determined by inheritance, instinct,
physiology, hormones, prior experience and
training. Cows are normally quiet (non-vocal)
and thrive on gentle treatment by handlers.
Handling procedures are more stressful for iso-
lated animals; therefore, attempts should be
made to keep several cows together during
medical treatment, artificial insemination or
when moving cows from one group to another
(Whittlestone et al., 1970; Arave et al., 1974).
Cattle should have visual contact with each
other and with their caretakers.

Mixing multiparous and uniparous cows
should be avoided, as this disrupts normal social
behaviours and causes reduced milk yield. To
alleviate reduced grazing time, multiparous cows
compensate by becoming more dominant, with
an increased rate of pasture-biting (Phillips and
Rind, 2001). Evidence has been reported that
cows consistently entering one side of the milk-
ing centre were more fearful in novel situations
than less consistent herdmates. The consistent
cows were also more successful in accessing
food resources (Prelle et al., 2004). Paranhos
de Costa and Broom (2001) have reported that
there was no evidence of discomfort or poor
welfare even when highly consistent cows were
milked on their non-preferred side.

Many dairymen allow their cows to develop
their own individual personalities as long as no
special care or treatment is required. Mass han-
dling of cows dictates that individual cows fit
into the system rather than the system conform
to the habits of the cow. The slow milker, the
kicker, the boss cow, the timid cow, the explorer
and the finicky eater are usually removed from
larger herds, regardless of pedigree.
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Although concern is expressed from time to
time about temperament and behavioural prob-
lems, most attempts at reinforcing correct beha-
viour and disciplining improper behaviour have
been successful. One dairy study showed that
behaviour as a reason for disposal occurred in
less than 1% of cases (Albright and Beecher,
1981; Albright, 1986b).

Although creatures of habit, gentle dairy
animals may be prompted into rebellion by the
use of unnecessarily severe methods of handling
(e.g. shouting and shock prods) and restraint.
Attempts to force an animal to do something it
does not want to do often end in failure and can
cause the animal to become confused, disoriented,
frightened or upset. Handling livestock requires
that they be ‘outsmarted’ rather than outfought
and that they be ‘outwaited’ rather than hurried
(Battaglia, 1998). Most tests of will between the
handler and the cow are won by the cow.

Considerable self-stimulation and ‘inward-
ness’ occur in cattle due to the rumination pro-
cess. During rumination, cows appear relaxed
with their head down and their eyelids lowered.
Resting cows prefer to lie on their chest, facing
slightly uphill. Also, through cud-chewing as
well as mutual and self-grooming, aggression is
reduced and there is little or no boredom
(Albright, 1986b).

Management developments that have
improved the comfort and well-being of dairy
cattle include: (i) raising calves in individual
pens or hutches (Baker, 1981); (ii) providing
exercise prior to calving (Lamb et al., 1979); (iii)
grooving or roughening polished, smooth con-
crete flooring (Albright, 1983, 1994, 1995); (iv)
making use of pasture or earthen exercise lots
and removing slatted floors (Albright, 1983);
and (v) eliminating stray voltage (Appleman,
1991).

Individual stalls (cubicles/free-stalls) have
resulted in cleaner cows and fewer teat injuries
than loose housing. Fregonesi and Leaver
(2002) stated that providing one free-stall per
cow was essential. In the low space allowance
situation, high- and low-yield cows had more
agonistic incidents, disturbed patterns of diurnal
lying behaviour, and decreased total lying
times. Dairy cattle thrive best when they are
kept cool, free from flies and pests and provided
with a dry, comfortable bed on which to lie
down (Albright, 1986b).

Dairy cattle have traditionally been kept in
groups of 40 to 100 cows. In commercial dairy
herds in Arizona, New Mexico and Texas, varia-
tion in group size — small (50-99), medium
(100-199) and large (> 200) — did not cause a
problem per se. Large herd size, however, can
affect management decisions because over-
crowding with insufficient numbers of headlocks
or inadequate water and feed manger space per
cow, irregular or infrequent feeding and exces-
sive walking distance to and from the milking
centre have a greater impact on behaviour and
well-being than does group size (Albright et al.,
1999).

Self-locking mangers have become stan-
dard equipment for large dairy herd operations.
In order to evaluate the effects of restraint using
self-locking stanchions, 64 Holstein cows from
peak to late lactation were restrained at feeding
time for 4 h/day for 4 weekly periods (Bolinger
et al., 1997). Milk production, somatic cell
counts, mastitis or other health concerns,
plasma cortisol concentrations and total daily
feed intake were unaffected by restraint. For the
cows locked in stanchions, their eating fre-
quency over 24 h was significantly reduced, but
dry matter intake was not affected. Total rumi-
nation frequency over 24 h was not significantly
different for cows that were restrained; how-
ever, restrained cows ruminated less during the
day following release.

Behaviourally, cows that were locked in
the stanchions spent significantly more time
lying in free stalls after release from restraint.
Grooming was also one of the first behaviours
performed following release. Grooming was
considered to be a behavioural need and was
significantly increased during all times when
cows were not locked up. Acts of aggression were
elevated during all periods following restraint.

The use of self-locking stanchions did not
appear to affect substantially the overall well-
being of the cow (Bolinger et al., 1997). In a
similar lock-up trial, milk production was redu-
ced and cortisol increased during the summer
months in Utah, USA (Arave et al., 1996a, b).
Advantages of headlock barriers include, in
particular, reduced aggressive interactions and
displacements for socially subordinate cows
(Endres et al., 2005; Huzzey et al., 2006). A
cow’s reaction to a lock-up stanchion may be
affected by how she is introduced to the
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stanchions. If her first experience with the stan-
chion is associated with painful procedures, she
may be more likely to become stressed, as
compared to a heifer that associates the
stanchion with feeding. Grandin (1997) and
Grandin and Johnson (2005) reviewed how an
animal’s previous experience affected reactions
to handling (see Chapters 2 and 3, this volume).

Other Purdue University work with detai-
led observations, using intact and cannulated
cows, suggests a behavioural need for the cow
to rest and to ruminate on her left side (Grant
et al., 1990; Albright, 1993).

Handling and Transport of Stock
Calves

Calves require special handling and care from
the time they are born. The most important
point to remember is to feed the newborn calf
colostrum soon after birth and within the first
6 h. A calf should be given 8-10% of its body
weight in fresh colostrum by bottle, bucket or
tube feeder; twice within 24 h following birth.
Colostrum is nutrient-rich and provides the calf
with wvital immunoglobulin. Good nutrition,
along with proper handling, starts a calf on its
way toward a healthy life. If young calves are to
be marketed, the following three procedures
should be used:

1. Provide individual care and colostrum for
2-3 days after birth.

2. Calves should always have a dry hair coat,
a dry navel cord and walk easily before being
transported either to auctions or long distances.
A 1-day-old calf can stand, but it is unsteady and
wobbly and is not ready for market (Albright and
Grandin, 1993). In the UK and Canada, the sale
of calves less than 1 week old is forbidden.
Calves should not be brought to a livestock mar-
ket until they are strong enough to walk without
assistance. To reach adequate strength and vig-
our, calves need to be a minimum of 5 days old
(Grandin, 1990). If the calves are going to be
transported to a nearby specialized calf-rearing
facility, they can be transported sooner.

3. Handle calves in transit carefully, protecting
them from the sun and heat stress in the sum-
mer, and from the cold and wind chill in winter.

Bulls

The safety of humans and animals is the
chief concern underlying management practices.
By virtue of their size and disposition, dairy bulls
may be considered as one of the most danger-
ous domestic animals. Management procedures
should be designed to protect human safety and
to provide for bull welfare.

Threat postures

There are certain major behavioural activities
related to bulls. These are threat displays, chal-
lenges, territorial activities, female-seeking and
directing (nudging) and female-tending. These
behavioural activities tend to flow from one to
another (Fraser, 1980). Threat displays in bulls
and ungulates (e.g. antelope, bison) are a broad-
side view (see Fig. 8.7) when a person or a
conspecific invades its flight zone.

The threat display of the bull puts him in a
physiological state of fight-or-flight. The threat
display often begins with a broadside view with
back arched to show the greatest profile, fol-
lowed by the head down — sometimes shaking
the head rapidly from side to side, protrusion
of the eyeballs and pilo-erection of the hair
along the dorsal line. The direct threat is head-
on, with head lowered and shoulders hunched
and neck curved to the side toward the potential
object of the aggression. Pawing the ground
with the forefeet, sending the earth flying behind
or over the back — as well as rubbing or horning
the earth — are often components of the threat
display. If in response to the threat display the
recipient animal advances with head down in a
fight mode, a short fight with butting of horns or
heads ensues. If the recipient of the threat has
been previously subdued by that animal, he will
probably withdraw with no further interaction
(Albright and Arave, 1997).

While a bull is showing a threat display, if
an opponent such as another bull (or person)
withdraws to about 6 m, the encounter should
subside and the bull will turn away. If not, the
bull will circle, drop into the cinch (flank) body
position or start with a head-to-head or head-to-
body pushing. At the first sign of any of the
above behaviours, humans should avoid the
bull and back away quickly — hopefully via a
predetermined route. Do not turn your back and
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Fig. 8.7. Threat display. Broadside threat display is a warning that a human has invaded his territory.
A direct threat is head-on with head lowered, shoulders hunched and neck curved to the side.

run. The rapid movement of running may cause
the bull to attack.

Many people lack the background, atti-
tude and awareness of dealing with dangerous
bulls and parturient cows; therefore, additional
training and bull/cow behaviour information are
needed. It is wise to respect and be wary of all
bulls — especially dairy bulls — as they are not to
be trusted. Every bull is potentially dangerous.
Bull attacks are the number one cause of live-
stock handler fatalities. He may seem to be a
tame animal, but on any given day he may turn
and severely injure or perhaps kill a person,
young or old, inexperienced or experienced.
This is especially true when a cow is in oestrus
and needs to be removed from ‘his’ group or the
group is moved to the holding pen for milking
(Albright, 2000).

Never handle the bull alone and never turn
your back on him. For self-protection when mov-
ing cattle, attempt to appear larger and carry a
cane, stick, handle, metal pipe or plastic pole
with flap. To reduce the tendency of bulls to
attack people, bull calves must be raised in a
social group to prevent them from imprinting on
people. Bull calves should either be raised
together in a pen starting at 6 weeks of age, or on
nurse cows. The most dangerous bull is one that
was reared alone away from other cattle. Bull

accident reports indicate that a young bull is
most likely to start attacking people when he
becomes mature at 18-24 months of age (T.
Grandin, personal communication, 2006). For
further information about bull behaviour and
handler safety refer to Albright and Arave (1997),
Albright et al. (1999) and Albright (2000).

Other dairy animals

In addition to bulls, humans must be careful
around certain steers, heifers and recently calved
cows protecting their calves. Some animals are
different and do not follow the threat display
behaviour previously mentioned. Be careful of
following behaviour, walking the fence, bellow-
ing, a cow in oestrus and the bull which protects
the cow, thereby attacking the handler. An ani-
mal’s first attack should be its last and it should
be sent to the abattoir (Wilson, 1998).

The system of management under which
dairy cattle are raised and kept has a profound
effect on their temperament, and this is not always
taken into consideration. For example, bull calves
should never be teased, played with as a calf,
treated roughly or rubbed vigorously on the fore-
head or the area of the horns. The Fulani herds-
men stroke under the chin (rather than on top
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of the head) as an appeasement, taming and
grooming-type behaviour. This is essentially the
way cows groom each other (Hart, 1985; Albright
and Grandin, 1993; Albright and Arave, 1997).

Handling and transport tips

1. When loading dairy animals for shipping,
allow plenty of handling space. Cattle need
ample room to turn; the leaders will then move
into the chute with other animals following. This
is an example of leadership—followership, as in
cattle or sheep, goats and ducks.

2. Stair steps are recommended for concrete
loading ramps. Each step should be 10 cm high
with a 30 cm tread width.

3. Loading ramps for young stock and ani-
mals that are not completely tame should have
solid sides.

4. Never attempt to transport cows which
become emaciated or too weak to stand. If
rehabilitation does not occur within a reason-
able time, the animal should be humanely killed
on the farm (Livestock Conservation Institute,
1992; National Institute for Animal Agriculture,
2004). More details may be found in Agriculture
Canada (1990) and OIE (World Organization
for Animal Health) (2005).

5. When transporting young dairy animals or
producing cows, always handle them gently.
Since cows are curious, allow them to quietly
investigate their new environment and ease into
it without outside distractions.

6. Try to ship dairy animals under favourable
weather conditions. Avoid extremely hot or
extremely cold temperatures that create undue
stress and may cause sickness.

Dairy producers have much to gain when cows
and young stock are properly handled and
cared for (Albright and Grandin, 1993). Recen-
tly, Palmer (2005) has compiled valuable infor-
mation on animal handling needs including
methods, locations and possible systems.

Transport Developments

Knowledge and utilization of the flight zone (see
Chapter 5, this volume) are important during
the movement of dairy cattle. Cows should be

moved at a slow walk, particularly if the weather
is hot and humid or if the flooring is slippery.

Heart rate transmitters were implanted in
lactating Holstein cows prior to travel (Ahn
et al., 1992). Cows were transported 402 km in
about 6 h over various road surface conditions
in an 8.2 m-long livestock trailer. The two-way
journeys started in the morning and ended late
in the afternoon. Cows stayed overnight and
were brought back in the late afternoon. This
2-day journey was repeated 1 week later. Feed
and water were provided during the interim
between travels, with cows receiving their nor-
mal ration for that period. Cows were milked by
portable machine according to their regular
schedule and confined to a fenced corral of
approximately 0.4 ha.

Heart rate recorded as travel commenced
averaged 89.7 bpm and differed significantly
(P<0.01) from all hourly readings. Average
heart rate (bpm) for hours 2, 3, 4, 5 and 6 aver-
aged 77.0, 74.8, 71.3, 74.4 and 72.9, respec-
tively (which are all similar to a resting heart rate
of 76.5). Heart rates differed significantly
(P <0.01) by road surface type, averaging 83.3
bpm on a dirt road, 81.2 bpm on a paved, rural
three- and four-lane road, 76.1 bpm on a paved,
two-lane desert road and 73.6 bpm on the
paved motorway. Heart rates observed gave
evidence of habituation on the day of travel and
also from week one to week two.

Transport is particularly stressful for young
calves, which experience mortality rates greater
than 20% and bruised stifles to an incidence of
50% or more (Hemsworth et al., 1995). Research
on transport of dairy calves has shown that
immunological systems are affected by the age
at which transport occurs within the first week of
life, and cognitive changes can be detected at
least 6 weeks post-transport. Additionally, adverse
effects of transport of young calves can be
modulated by several known modulators (yeast
cell-wall products) and ascorbic acid, thereby
decreasing morbidity and mortality (Eicher,
et al., 2004; Eicher, 2006, personal communi-
cation). Eicher (2001) further indicates that
attention must be paid to length of studies
regarding young calves, as they may succumb
to disease 1 month following transport.

Calves’ behavioural and physiological (corti-
sol, heart rate) reactions to being loaded on to a
truck, transported for 30 min and unloaded,
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were observed. It took more time and effort to
load pair-raised calves than individually housed
calves (P <0.01) and less effort to load those
that had received additional contact with people
(P<0.01) as compared to those who had
received minimal contact. During loading, the
latter group had lower heart rate (P < 0.05) than
the former. During transport, pair-housed calves
had lower heart rates (P < 0.05) as compared to
the individually housed calves (Lensink et al.,
2001). See Chapter 19 on physiology.

Human-Animal Interactions
The behaviour of the cow-handler

Studies on homogeneous dairy herds - as
defined by similar feeding policy, feeding levels,
breed and genetic potential, grazing manage-
ment and climate — demonstrate the effect of the
cow-handler’s behaviour and personality on
cow behaviour and productivity (Seabrook,
1972, 1977, 1991, 1994; Albright and Arave,
1997; Hemsworth and Coleman, 1998;
Hemsworth et al., 2002). The highest perfor-
mance cow-handlers, in terms of milk yield for a
given level of input, have the following traits:
self-reliant, considerate, patient, independent,
persevering, difficult to get on with, forceful,
confident, suspicious of change, not easy going,
inadaptable, not neat, not modest, not a wor-
rier, not talkative (quiet), uncooperative and
non-social (‘grumpy’).

In summary, they are confident introverts.
Some of these traits may seem to be socially
undesirable, but it is the cows’ and not another
human’s reaction that is critical. People with
these traits were more stable and had an air of
confidence, enabling them to develop a rela-
tionship with their cows that positively influ-
enced the animal’s performance. Cows under
the care of such a person easily out-produced a
person lacking confidence or a confident extro-
vert (‘cheerful Charlie’), these latter tending to
earn only average production achievement
from their cows.

Building on this work, Reid’s (1977) study
on high-producing herds both in North America
(Canada and USA) and the UK yielded some
important results. Reid concluded that the high-
production cow-handler was able to minimize

output of adrenaline by the cow and obtain a
higher percentage of the milk yield that her
genetic capacity permitted than others would
obtain from the same cow under similar condi-
tions. The high-production cow-handler achieves
this by constant attention to the behavioural
patterns or performance of each individual cow
in the herd.

Other interests of Reid’s ‘confident intro-
verts’ included vegetable growing, but the most
startling fact was that they also grew either
roses, gladioli or chrysanthemums, species that
have different varieties requiring specific treat-
ment and which respond to feeding at specific
times of the year. The best cow-handlers were
also attuned to instant recognition of each ani-
mal in the herd and the individuality of their
cows, plus a close identification with the herd. In
many cases it was difficult to define whether the
herd was regarded as an extension of the family
or the reverse.

The behaviour of the cow

Albright (1978), Seabrook (1980) and Hems-
worth et al. (2000) have all shown that animal
behaviour differs among dairy herds. One fac-
tor that varies both within and between groups
of cows is flight distance, or how close one can
approach an individual animal without it mov-
ing away. In some dairy herds this distance may
be almost zero, whereas in others it may be as
great as 6 m.

A more recent study indicated that the
cows’ flight distance was larger on dairies where
there were more negative interactions such as
yelling or hitting (Hemsworth et al., 2000).
Their milk production was also lower. For indi-
vidual animals in these herds there will be
ranges of values, but they may be lower for one
herd than the lowest for another herd.

Why do these differences exist, and how
do they arise? Some variation could be attrib-
uted to conditional learning, e.g. the ‘memory’
of being struck by a handler, but there is little
evidence to account for all of the differences.
Seabrook (1994) has shown that animals are
effective discriminators and perceive by experi-
ence and learning. Cows made the greatest
number of approaches under test conditions to
the familiar person and fewest to the stranger.
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Cow-handler behaviour in the milking centre
showed 2.1 approaches/cow/min for higher-
yielding dairy units as compared to 0.5 approa-
ches/cow/min for lower-yielding units. Likewise,
cow-handler behaviour in the milking centre
talking ‘with’ and ‘to’ cows were 2.1 times/min
and 9.1 words/cow/min in higher-yielding dairy
units. In the lower-yielding dairy units they were
0.3 times/min and 2.1 words/cow/min, respec-
tively. Table 8.3 summarizes responses with dairy
cows using pleasant or aversive handling.

Observations of identical one-person units
show behaviour differences in terms of how
long it takes cows to enter the milking centre. In
some herds the cows are keen to enter; in others
they are reluctant to do so. Studies showed the
milking centres and their identically sized and
shaped collecting yards to be in excellent condition.
It is the relationship between the cow-handler and
the cows that seems to explain differences in
entry time. It is fallacious to talk about the beha-
viour of dairy cows in isolation: the actual pat-
tern is a reflection of the relationship between
human and cow.

This connection was realized in the 1940s
by Rex Patterson, the pioneer of large-scale dairy
farming in the UK, when he publicly stated that
the biggest effect on herd yield and cow behav-
iour on his one-person dairy units was exerted
by the cow-handler (Seabrook, 1972, 1977,
1980). More recently, Seabrook and Wilkinson
(2000) have noted that the attitudes and behav-
iour of stockpersons have been little studied, in
spite of being fundamental to animal well-being
and performance. Verbal encouragement tends
to be lacking with some managers/employers,
who may be quick with criticism. They further
indicate that the veterinary profession could play
an important role by giving due praise to

encourage diligent fulfilment of the most disliked
work, e.g. cleaning and hoof-trimming.

Research (Munksgaard et al., 1995; de
Passille et al., 1996; Rushen et al., 1999; Rousing
and Waiblinger, 2004) with cows and calves
shows clearly that cattle learn to discriminate
between humans based on their previous expe-
rience and cues based on the colour of clothing
worn, approaching them positively and avoid-
ing those who have handled them aversively.
Aversive handling can result in a generalized
fear of humans, making handling more difficult
and increasing the chances of injury to both ani-
mal and handler. This fear can be overcome by
positive handling. Discrimination was general-
ized to other locations, and cattle appear to be
more fearful of humans in an unfamiliar loca-
tion (de Passille et al., 1996).

In order to determine if an aversion corri-
dor could be used to evaluate various handling
practices, 60 cows were randomly assigned to
five different treatments: electric prod, shouting,
hitting, tail-twisting and control. Cows walked
down a corridor and treatments were applied at
the end of the corridor. Preliminary results sug-
gest that cows found the electric prod most
aversive, followed by shouting, hitting, tail-
twisting and control (Pajor et al., 1998).

In a follow-up experiment, 54 cows were
randomly assigned to four treatments (hit/shout,
brushing, control and food). The time and force
required for cows to walk down the corridor
were measured. Cows on the hit/shout treat-
ment took more time and required more force
to walk through the corridor than cows on other
treatments (P < 0.001). In addition, brushed
cows took longer to move through than cows
given food (P < 0.05) (Pajor et al., 1999). Aver-
sion-learning methods show promise as an

Table 8.3. General response of dairy animals under different handling treatments

(from Seabrook, 1991).

Action of cow

Pleasant handling

Aversive handling

Mean entry time to milking

centre (s/cow)

Flight distance (nervousness) (m)
Dunging in milking centre (times/h)
Free approaches to humans
(times/min)

9.9 16.1
0.5 2.5
3.0 18.2
10.2 3.0
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effective method of determining which handling
procedures cows find more aversive or friendly.

The implications for animal welfare

In the herd where there is a good relationship
between humans and cows, production is higher,
flight zones are smaller and the cows move into
the milking centre more quickly. The cows also
release less adrenalin to block milk let down.
They are less nervous, more settled and steady
in an environment created by a confident cow-
handler. From an animal welfare point of view,
the pertinent point is that these are not neces-
sarily the best-equipped herds technically, e.g.
in milking centre design. Cow behaviour that
indicated fear of humans was moderately
(P <0.05) to highly (P <0.01) correlated with
production and composition. By regression
analysis, fear of humans accounted for 19% of
variation in milk yield between farms (Breuer
et al., 2000).

In other words, cows may be under stress
in a well-designed system if they cannot dev-
elop a good relationship with people. Similarly,
they may be in a poor system technically, but
may be content and under little stress if they have
confidence in and a good relationship with the
person who tends to them.

Efficient dairy management and animal
welfare would both be served by selecting
cow-handlers who have the correct traits, and
then further by training them to develop a rela-
tionship with their animals, thus ensuring that

the animals are able to live in an environment
where stress is reduced to a minimum. Design
of a system from a welfare perspective is only
part of the solution. The most important factor
in determining stress is the behaviour and atti-
tude of the cow-handler (Seabrook, 1980).
There are now in place national program-
mes that provide animal welfare assessments or
audits of dairies. An assessor will use many tools
such as guidelines, tape measure, stopwatch, a
body condition score card, locomotion score card
and a hygiene score card (Roenfeldt, 2005).

Conclusions

Observation of dairy cattle has been going on
for centuries and helps to increase knowledge
and improves husbandry techniques. A logical
approach to the study of cow behaviour is now
advocated, linking it to dairy herd management
in commercial operations. Time saved through
automation should be invested in the observa-
tion of animals. Knowledge of normal behaviour
patterns provides an understanding about cattle
and results in improved management and han-
dling that will achieve and maintain higher milk
vields, animal comfort and well-being. Dairy
cattle must fit in well with the environment —
confinement or pasture — their herdmates as well
as their handlers. For those who like to work with
dairy cattle, proper mental attitude of handlers
must blend in with skilful management and
humane care in today’s highly competitive, tech-
nological, urban-based and questioning society.
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Introduction

The biggest improvements in transport since
the 2000 edition have been due to: (i) better
management; and (ii) holding transporters and
producers accountable for losses. The first
author has observed that high-value cattle in
retail branded beef programmes are now
being given more space on the trucks. These
high-value cattle also had very low levels of
bruising because both handling and transport
were carried out carefully. Unfortunately, the
second author reports that in South America,
many trucks are still overstocked. Overstocking
is most likely to occur when transporters are
paid based on the number or total weight
of animals delivered instead of receiving
incentive pay to minimize bruising and other
losses.

Some of the worst problems that occur dur-
ing cattle transport are with cull cows and other
animals of low economic value. Observations of
hundreds of truckloads of cattle by both authors
indicate that the worst cattle welfare problems
occur when sick, emaciated or debilitated ani-
mals are transported. Many of these animals are
simply not fit for transport. The single most
important factor for maintaining an adequate
level of welfare during transport is loading phys-
ically fit, healthy animals on to the vehicle
(Grandin, 2003). OIE animal welfare guidelines

state that animals with the following problems
are unfit for travel:

e  Those that are sick, injured, weak, disabled
or fatigued.

e Those unable to stand unaided and bear
weight on all four legs.
Those blind in both eyes.
Newborn with unhealed umbilical cord.
Pregnant animals which will be in the final
10% of their gestation period at planned
time of unloading.

e Females travelling without young which
have given birth within the previous 48 h.

e Those whose body condition would result
in poor welfare because of expected clima-
tic conditions (OIE, 2005).

Management of Cattle Transport

Other basic factors involved in good cattle trans-
portation are driver training, supervision and
maintenance of the vehicle. In North America,
Australia and South America, the first author
has observed that worn-out, slippery floors are
the most common equipment deficiency.
Non-slip flooring prevents slips and falls.

Good driving practices are also essential:
driver fatigue is a major cause of accidents. In
North America, falling asleep at the wheel was a
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likely cause of rollovers of double-decker cattle
trucks. Eighty to ninety per cent of these rollovers
did not involve another vehicle and many acci-
dents occurred between midnight and 7.00 am,
when the driver would be most tired (Jennifer
Woods, 2005, personal communication).

Another cause of cattle truck rollovers is
going too fast around corners. Narrow roads
with soft shoulders increase the risk of rollovers.
In the case of South America, gravel dirt roads
are very common, and this can add an extra
risk, especially if these involve many bends and
inclines. In some countries, trucks with trailers
are used on those winding roads for transport-
ing cattle, commonly without separating the
animals into smaller groups (18-22 in one big
group, for example) (Gallo et al., 2005).

The research studies reviewed in this chapter
will provide information for managers, veteri-
narians and government officials on ways to
refine and improve cattle transport. Different
countries have many varied conditions but the
basic principles of prevention of losses and
maintenance of adequate welfare are similar.

Rest-stop requirements

Regulations governing the transport of domestic
animals vary from country to country. For
example, the European Union (EU) requires
that journey times shall not exceed 8 h. How-
ever, this may be extended - if the transporting
vehicle meets additional requirements — to 14 h
of travel. Longer trips require a rest period of at
least 1 h, with water. They may then be trans-
ported for a further 14 h. Two 9 h periods with
1 h rest for watering is the maximum permitted
for unweaned calves. Longer times may be per-
mitted if animals have space to lie down, bed-
ding and access to water and feed.

In the USA and South America there are,
in general, no rest-stop requirements. In Chile
there is an 8 h rest-stop required for cattle after
24 h of travel. In Canada, a rest-stop is required
after 48 h of travel. In North America, Australia
and South America, trips of 30-40 h with no
rest stops are common. In practice, unless resting
facilities are adequate, the animals are unloa-
ded with care and have sufficient time to drink
water, rest-stops may be counterproductive and
serve only to prolong the overall journey time.

Stressors during handling and transport

Adult cattle were able to negotiate a wide vari-
ety of ramp designs without difficulty (Eldridge
et al., 1986). Difficulties at loading of commer-
cial transport are often caused by overloading,
with the last few cattle being driven forcefully on
board. Poor design and/or maintenance of
ramps on farms — not usually taking into consid-
eration animal behaviour — is a common
problem in South America.

For tame cattle that are trained to lead, riding
in the vehicle will probably be more stressful than
walking up the loading ramp. However, for wild
cattle, loading and unloading may be more
stressful than riding in the vehicle because the
level of fear stress may be greater. Extensively
raised beef cattle will have higher heart rates and
cortisol levels when they are restrained and han-
dled compared with tame dairy cows (Lay et al.,
1992a, b). Numerous studies show that transport
increases cortisol levels (Eicher, 2001). In wild
beef cattle, handling stresses were almost as severe
as hot-iron branding stress (Lay et al., 1992a, b).
Stress measurements during transport for Euro-
pean conditions can be found in Van Hollenben
et al. (2003) and Villarroel et al. (2003).

Agnes et al. (1990) reported that loading
calves up a 30° angle ramp and simulated truck
noise elicited cortisol levels similar to those on
simulated transport. The maximum recom-
mended angle for a cattle-loading ramp is
20-25°. For adult cattle, cleats on the ramp
should have 20 cm of space between them. On
concrete ramps, stair-steps are recommended,
with a 10 cm rise and 30-45 cm tread length
(Grandin, 1990).

Eldridge et al. (1988) concluded that, once
cattle adapted to the journey, road transport
was not a major physical or psychological stres-
sor. This is in agreement with James (1997),
that cattle remained calm in an aeroplane dur-
ing flight. These authors recorded heart rates of
beef heifers by radiotelemetry during road
transport at different loading densities. The
overall mean heart rates while travelling were
only 15% above those recorded while animals
were grazing at pasture. Similar results were
obtained for bulls and steers undergoing short-
haul road transport (Tennessen et al., 1984).

Honkavaara et al. (2003) also reported that
heart rate was lower during longer trips compared
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to shorter trips. This is an indicator that the ani-
mals had time to calm down after loading. Heart
rate will increase during loading and unloading
(Kenny and Tarrant, 1987a; Jacobson and
Cook, 1998). Stress during transport consists of
both psychological stressors such as fear and
physical stresses such as vibration. Fear is a
strong stressor and it is reviewed in LeDoux
(1998) and Grandin (1997). Both an animal’s
previous experiences and genetic influences on
temperament will interact in complex ways to
determine the relative contribution of physiologi-
cal and physical stressors during transport
(Grandin, 1997; Jacobson and Cook, 1998).

Transport and handling stresses affect
many physiological measures (see Chapter 19,
this volume). Transport may have a negative
effect on both immune function and fertility.
Eicher (2001) reviewed eight studies on young
calves that showed transport had significant
effects on the young animals’ immune system.
Both practical experience and scientific research
indicate that young calves may be more
adversely affected than older, healthy animals
that are in good condition.

Restlessness

This is indicated by the frequency of changes in
position in the vehicle. Restlessness increased
with social regrouping on the truck, but not with
motion (Kenny and Tarrant, 1987a, b). Changes
in position were frequently triggered by social
interactions, such as chin-resting and mounting,
and also — when the truck was moving — by driving
events, particularly cornering.

Table 9.1.

Standing orientation and lying down

The most common direction for cattle to face on
a truck is either perpendicular or parallel to the
direction of motion, with the diagonal orienta-
tions infrequently used (Kenny and Tarrant,
1987a, b; Eldridge et al., 1988; Lambooy and
Hulsegge, 1988; Tarrant et al., 1988, 1992;
Gallo et al., 2000). As observed by the second
author, this is also the case when cattle are
transported for long journeys (24 h) on roll-on,
roll-off ferries (Aguayo and Gallo, 2005;
Table 9.1). This may indicate that cattle have a
preferred orientation to improve security of bal-
ance on a moving vehicle. Bisschop (1961) found
that cattle align themselves across the direction of
travel during rail transport; however, Kilgour
and Mullord (1973) found no clear preference
by young beef cattle during road travel.

On long journeys, the most common
standing orientation was perpendicular to the
direction of travel, and there was a strong bias
against diagonal orientations (Tarrant et al.,
1992). Cattle tend not to lie down in trucks while
they are moving (Warriss et al., 1995). In 1-h
and 4-h journeys to slaughter, no animals lay
down in 18 loads of Friesian steers or bulls
transported at relatively high stocking densities
(Kenny and Tarrant, 1987a, b; Tarrant et al.,
1988).

Reports on behaviour during rail transpor-
tation noted heightened activity immediately
after loading, and characteristic standing and
lying behaviour in moving and stationary vehicles
(Bisschop, 1961). Observations by the second
author indicate that during long journeys (up to
36 h), adult cattle start to lie or fall down after

Orientation (position) taken by cattle (%) within trucks travelling at a density of 450 kg/m?

during a 24-h maritime ferry crossing at first observation (O1, after 7 h), second observation (02, after
14 h) and third observation (O3, after 21 h) (from Aguayo and Gallo, 2005).

Fat cattle for slaughter (n, 1240)

Calves and cattle for fattening (n, 652)

o1 02 (0K} o1 02 (0K}
Parallel 39 35 36 49.7 47.9 49.4
Perpendicular 40 43 47 23.9 25.9 23.3
Diagonal 21 21 17 26.4 26.2 27.3
Lying down 3 4 6 19.6 14.3 26.5
Fallen 0.2 0.2 0.4 0.2 0.2 0.6
Dead 0 0 0 0 0 0
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12 h of transport (Gallo et al., 2000, 2001); on
long road-plus-ferry transport (up to 24 h mari-
time roll-on, roll-off crossing), the proportion of
lying adult cattle increased with time, whereas
young cattle (6-12 month) laid down earlier
(Aguayo and Gallo, 2005; Table 9.1). Experi-
ments in the USA with railcars equipped with
hay and water troughs indicated that the ani-
mals would eat and drink during transport pro-
vided they had sufficient space to move to the
feeders (Irwin and Gentleman, 1978).

At high stocking density, especially approa-
ching maximum density, cattle occasionally went
down, apparently involuntarily. Towards the
end of long (24 h) road journeys with Friesian
steers, several cattle lay down during the final
4-8 h of the journey. This was observed at all
stocking densities, but only at high stocking den-
sity were animals trapped down and unable to
rise. The highest stocking density is the maximum
amount of cattle that can be put on a truck when
it is still easy to close the rear gate. Honkavaara
(1998) noted that even one restless animal was
sufficient to cause continuous movements of the
group; as a result, no animal could lie down
during transport.

However, when cattle were transported in
stock crates designed to hold two animals per
pen, an animal often lay down after 2-3 h of
transport (Honkavaara, 1993). This may indi-
cate a preference for lying down when circum-
stances permit. Young 5-10-day-old calves will
lie down during transport. Providing sulfficient
space to allow calves to lie down greatly
reduced physiological measures of stress (Todd
et al., 2000). For long trips across Europe,
about 20% of adult cattle lay down while the
vehicle was moving (Marahrens et al., 2003).
These animals had been provided with enough
space to lie down.

Maintenance of balance

Loss of balance on moving vehicles is a major
consideration in cattle transport, in view of the
hazard associated with large animals going
down during transport and the risk of injury or
suffocation. Observations show that minor
losses of balance occur regularly and that cattle
quickly respond by shifting their footing to
regain their balance.

The relationship between loss of balance
and driving events during 24-h journeys with
Friesian steers is shown in Table 9.2. Eighty per
cent of losses of balance were accounted for by
braking, gear changes and cornering. Similar
results were obtained for Friesian bulls and
steers on shorter road journeys (Kenny and
Tarrant, 1987a, b; Tarrant et al., 1988).

Table 9.2 shows that cornering is the driv-
ing event that caused most losses of balance in
cattle transported at high stocking density,
whereas braking was a greater hazard at lower
densities.

These data show that losses of balance are
under the direct control of the driver. Eldridge
(1988) observed that the heart rate of beef heif-
ers was lower, indicating reduced stress, when
the vehicle was traveling smoothly on highways,
compared with that on rougher country roads
or suburban roads with frequent intersections.

Factors likely to influence security of bal-
ance during unsteady driving are the slipperi-
ness of the floor surface and the availability of
support from adjacent structures, including
vehicle sides and partitions — and other animals.
It may be advisable to withhold water during the
last 6 h before loading (Wythes, 1985), thus
resulting in a drier truck floor, giving cattle a
better footing during the journey.

Table 9.2. The association between loss of
balance on a moving vehicle and driving events
during 24-h journeys with 618 kg Friesian steers
at three different stocking densities. Data are per-
centages of total losses of balance (from Tarrant
et al., 1992 and Tarrant and Grandin, 1993).

Stocking density (kg/m?2)

Driving

event 448 500 585
Braking 55 58 19
Gear 21 17 19
changing

Starting/ 9 15 0
stopping

Cornering 5 6 50
Bumping 2 2 0
All other 1 1 0
events

Uneventful 6 2 12




138

T. Grandin and C. Gallo

The major factors determining the well-
being of cattle in road transport are vehicle
design, stocking density, ventilation, the stan-
dard of driving and the quality of the roads. The
importance of frequent inspection of the live-
stock and of careful driving cannot be overem-
phasized. In the USA, the large beef plants are
collecting more and more data on the perfor-
mance of trucking firms and drivers. Data col-
lected at one large slaughter plant indicated that
one trucking firm had more dark-cutters. Other
unpublished industry data, from South America,
show that poor driving practices such as rapid
acceleration and braking increase levels of
bruising, and some truck drivers are required to
pay fines for bruising injuries.

Falls

The major risk in cattle transport is that of cattle
going down under foot. This risk is greatly increa-
sed at the highest stocking density (Tarrant

Table 9.3. The effects of stocking density in the

truck on loss of balance by 618 kg Friesian steers
during 24-h journeys by road (from Tarrant et al.,

1992 and Tarrant and Grandin, 1993).

Stocking density (kg/m?2)

Loss of

balance 448 500 585
Shifts 153 142 26
Struggles 5 4 10
Falls 1 1 8

et al., 1988, 1992), especially during journeys
exceeding 12h (Gallo et al., 2000, 2001;
Valdés, 2002). The normal response to a loss of
balance is a change or shift of footing in order to
regain balance. Shifting was inhibited at high
stocking density (see Table 9.3) and there was a
corresponding increase in struggling and falling
at 585 kg/m? stocking density .

These unstable situations were caused
either by driving events — typically cornering or
braking — by standing on a fallen animal or by
strenuous and usually unsuccessful attempts to
change position in a full pen. When cattle went
down at high stocking density, they were trapped
on the floor by the remaining cattle ‘closing
over’ and occupying the available standing
space. Several unsuccessful attempts by fallen
animals to stand up were observed. A ‘domino’
effect was created when standing animals lost
their footing by trampling on a fallen animal.
The substantial increase found in carcass bruising
at the highest stocking density was explained by
these observations (see Table 9.4).

Stocking density on trucks

Freedom of movement was severely restricted
at 585 ka/m?, with only 16 changes of position
observed per group of cattle/1 h of transport,
compared with 109 per group/1 h at 448 kg/m?
(Tarrant et al., 1988). Similar results were
obtained on long road journeys (Tarrant et al.,
1992). Exploratory, sexual, aggressive behav-
iours were inhibited at high stocking densities,
with the exception of mounting and pushing,
which increased in frequency with stocking
density.

Table 9.4. The effect of stocking density during 24-h road journeys on plasma constituents and carcass
bruising in 618 kg Friesian steers. Values for plasma cortisol, glucose and CK are the difference between
the pre- and post-transport values (from Tarrant et al., 1992 and Tarrant and Grandin, 1993).

Stocking density (kg/m?)
Level of statistical
Plasma constituent 448 500 585 significance (P)
Plasma cortisol (ng/ml) 0.1 0.5 1.1 <0.05
Plasma glucose (mmol/l) 0.81 0.93 1.12 <0.15
Plasma CK (units/l) 132 234 367 < 0.001
Carcass bruise score 3.7 5.0 8.5 <0.01
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The preferred orientations adopted by ani-
mals during long-distance transportation were
frustrated as the stocking density was increa-
sed. Thus, in addition to reducing mobility, an
increase in the stocking density also prevented
cattle from facing in the preferred direction.
These effects may combine to increase the
rate of loss of balance and falling, as discussed
above.

Fig. 9.1.

In 4- and 24-h road journeys to the abat-
toir, the cortisol and glucose content in the
plasma of Friesian steers increased with stock-
ing density, indicating increasing stress (Tarrant
et al., 1988, 1992). The activity of the muscle
enzyme creatine kinase (CK) in the bloodstream
also increased with stocking density, reflecting
muscle damage. Carcass bruising increased
with stocking density (see Table 9.4; Fig. 9.1).

Cattle loaded on to a truck at 377 kg/m? (A) and 516 kg/m? (B). Cattle loaded at the high density

are more likely to go down during transport and have higher levels of bruising (see also Table 9.6)

(Photograph credit Toby Knowles).
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Dressed carcass weight was significantly reduced
at high loading density (Eldridge and Winfield,
1988); this weight loss was only partly explai-
ned by the higher trimming of bruised tissue
from the carcass at the highest density.

High stocking density on trucks was clearly
associated with reduced welfare and carcass
quality when compared with medium and low
stocking densities. Attempts to reduce transport
costs by overloading of trucks are offset by
reduced carcass weight, downgrading of car-
casses owing to bruising and increased risk of
serious injury or death during travel (Eldridge
and Winfield, 1988). Research in South America
has shown that overloading of trucks causes
more bruises on long 12-48-h trips compared
to short 3-h trips.

Unfortunately, cattle transporters are more
likely to overload trucks on long trips so they
can make more money. Both authors have
observed that on overloaded trucks there is a
higher incidence of severely bruised cattle. At
stocking densities of 400-500 kg/m?, 9% of the
cattle fell down during a 16-h journey, mainly at
the higher density, and 0% fell after a 3-h journey
(Valdés, 2002). At 585 kg/m?, there were also
more bruises and these were more severe
(affecting muscle tissue, not only subcutaneous
fat) and of greater extension (diameter), causing
severe carcass damage and hence devaluation.

At low stocking densities, e.g. half-loads,
cattle will travel very well unless subjected to
poor driving techniques, such as sudden braking
or swerving and emergency stops. Eldridge and
Winfield (1988) transported steers of 400 kg
live weight on road journeys of 6 h at high
(0.89 m?/animal), medium (1.16 m?/animal)
and low (1.39 m?/animal) stocking densities.

Bruise scores at the high and low stocking
densities were four and two times greater,
respectively, than at the medium space allow-
ance (8.2, 4.6 and 1.9 bruise scores, respec-
tively; P <0.01). These results show that the
medium stocking density was superior to the
low density and indicate that an optimum den-
sity may be defined by such experiments. The
medium stocking densities used by Eldridge
and Winfield (1988) can be found in Grandin
(1981a), Animal Transportation Association
(1992), Federation of Animal Science Societies
(1999) and Lapworth (2004). These medium
stocking densities used by Eldridge and Winfield

(1988) are very similar to a stocking density for-
mula published by Randall (1993).

Randall recommends the use of this equa-
tion: A=0.01W%78 (Randall, 1993). A =the
area of the space (m?) and W is the weight of
the animal (kg). Randall’s equation should be
used for trips of < 5 h. Knowles (1999) contains
an excellent diagram that compares stocking
densities recommended by the Farm Animal
Welfare Council (FAWC) and the European
Union with those of Randall. The Farm Animal
Welfare Council recommends 360 kag/m? as the
maximum stocking density for cattle. Their for-
mula is A =0.021W-067, Knowles (1999) con-
cludes that welfare can be poor if stocking
density is either too high or too low.

Carcass Bruising

Considerable financial losses are incurred by
the livestock industry as a result of carcass bruis-
ing (Hails, 1978; Grandin, 1980; Wythes and
Shorthose, 1984; Eldridge and Winfield, 1988).
In feedlot beef, 35% of the carcasses were
bruised (Smith et al., 2006). Bruising is an
impact injury that can occur at any stage in the
transportation chain and may be attributed to
poor design of handling facilities, ignorant and
abusive stockmanship or poor road driving
techniques during transportation (Grandin,
1983a).

Cattle should be marketed in a manner
that minimizes the number of times that they
are handled or restrained immediately prior to
slaughter, particularly when they are transpor-
ted more than 325 km to slaughter (Hoffman
et al., 1998). Cattle that were handled roughly
had greatly elevated bruising compared with cat-
tle that were handled gently (Grandin, 1981b).

The skill of the driver and the quality of the
road appear to be more important than the dis-
tance travelled. Economic incentives can greatly
reduce bruising. Cattle sold by live weight had
twice as many bruises compared with cattle sold
on a carcass basis (Grandin, 1981b). Producers
selling on a carcass basis have bruising damage
deducted from their payments. According to
observations by the second author, efforts are
being made in various countries by producing
regulations, written information and graphic
material to educate and train producers and
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animal handlers in order to improve animal
welfare — and thereby meat quality — through
better handling (Gallo, 2004).

Stocking density is an important consider-
ation, and high stocking density was associated
with a twofold or greater increase in carcass
bruising in both short-haul (Eldridge and
Winfield, 1988; Tarrant et al., 1988) and long-
haul road transport (Tarrant et al., 1992) (see
also Table 9.4). Barnett et al. (1984) considered
that cattle with elevated blood corticosteroid
concentrations as a result of chronic stress could
be more susceptible to bruising damage than
other cattle.

Shaw et al. (1976) and Wythes (1985)
found that horned cattle had twice as much
bruising. Contrary to popular belief, cutting the
tips of the horns does not reduce bruising
(Ramsey et al., 1976). Horn buds on calves
should be removed before the animal grows
horns. Cutting horns on older animals is extre-
mely stressful and painful. Cows in late preg-
nancy suffered more bruising and produced
tougher meat than those in early pregnancy or
those that were not pregnant (Wythes, 1985).

The Dutch Road Transport Act prescribed
that adult cows and heifers should be separated
by a gate between every two animals when
transportation was to last longer than 10 h
(Lambooy and Hulsegge, 1988). However,
transporters do not adhere to this rule and carry
five to ten cattle per compartment. Experimen-
tation showed that loose transport of eight heif-
ers per pen is preferential to penning in pairs
between gates, mainly because of lower risks of
injury and lower frequency of lesions at contact
points, e.g. hips and knees. Unfortunately, the
second author has observed that separating cat-
tle into different compartments within a truck
load is not a common practice in most South
American countries, because it reduces the
space availability for carrying more animals, a
situation which is detrimental for animal welfare
and also meat quality.

Vehicle Design and Maintenance

Information on the design of loading/unloading
ramps and stock crates for single- and double-
deck trucks and trailers is available (Anon.,
1977; Wythes, 1985; Grandin, 1991). In most

developed countries, adequate loading ramps
are available. However, in some developing
countries, cattle are forced to jump off the truck
because no ramps are available. Ramps should
be used. They can be easily built from locally
available materials.

Practical experience in the USA has indi-
cated that there were fewer bruises in trailers
that had doors that opened up to the full width
of the trailer for unloading. Stock carried by
rigid vehicles tend to experience a rougher ride
than stock transported by an articulated trailer.
This is mainly because rigid-body trucks, which
are smaller and easier to handle, are generally
driven faster than large articulated wvehicles
(Anon., 1977 Fig. 9.1).

Vibration stress can also be reduced by the
installation of pneumatic suspension (Singh,
1991). These systems must be kept in good
repair, because a damaged pneumatic suspen-
sion may produce higher vibration than a vehicle
with leaf springs (Singh, 1991). Practical experi-
ence has shown that a well-maintained pneu-
matic suspension system will reduce stress. In
the USA, a high percentage of livestock vehicles
come with factory-installed pneumatic suspension.

Van de Water et al. (2003a, b) reported
that calves subjected to vibrations at a fre-
quency of 2 hz become more stressed com-
pared with vibrations of 12 hz. These same
researchers also found that calves riding in the
front of the truck had higher cortisol levels (Van
de Water et al., 2003a, b). Differences in vibra-
tion in the front and back of the vehicle may
explain differences in cortisol levels. Over-
inflated tyres will also increase vibration in a
livestock truck (Stevens and Camp, 1979). Driv-
ers over-inflate tyres to prolong the tyre life, but
this practice is probably detrimental to livestock.
Cattle in the USA are hauled in aluminum trail-
ers; a lack of bedding on the aluminum floor
can cause abscessed toes (Sick et al., 1982).

Ventilation

Heat builds up rapidly in a stationary vehicle.
Vehicles should be kept moving and stopping
should be kept to a minimum. Even during cool
weather, a beef animal’s temperature will
rise when the vehicle is stationary (Stevens
et al., 1979). In aeroplanes and ships, heat can
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rapidly build up to fatal levels when the vehicle
is stationary (Stevens and Hahn, 1977; Grandin,
1983b). Heat stroke was the main cause of cattle
death on sea transport (Norris et al., 2003).

Ventilation recommendations for ships and
aircraft are given in Muller (1985), Stevens
(1985) and Animal Transportation Association
(1992). Muirhead (1985) found that there were
areas of no air movement in moving trucks.
Natural ventilation in trucks through openings
in the side walls results in non-uniform air circula-
tion at animal head level in practice (Honkavaara,
1998).

Further research in Sweden indicated that
during the summer, the temperature inside a
truck was 6°C higher than the outside tempera-
ture (Wikner et al., 2003). Honkavaara (2003-
2004) stated that new designs of transport
vehicles in Europe made it possible to transport
cattle 8-14 h with little effect on stress levels or
welfare. In the USA, trailers have adequate ven-
tilation because the aluminum side of the trailer
has numerous small holes. During cold weather,
one-third to one-half of the holes are covered
with plastic panels. Practical experience in very
cold areas in Canada indicates that the front
and rear of the trailer should be covered first
because the middle of the trailer stays warmer
(J. Woods, 2006, personal communication).

When cattle become wet, their ability to
withstand cold greatly decreases. Wet cattle in a
truck must be protected from wind chill during
cold weather. A sleet storm with freezing rain
can greatly increase death losses (Grandin,
1981a). Abrupt changes in the outside tempera-
ture during transport may be more detrimental
than constant exposure to either high or
low temperatures (Randall, 1993). In Europe,
enclosed trucks with mechanical ventilation
are sometimes used. Kettlewell et al. (2001)
contains further information on this topic.

In many countries, mechanical truck venti-
lation would not be practical. Failure to main-
tain the mechanical system in a fully enclosed
vehicle could result in animal death. In South
America and Australia, cattle transport trucks
are usually open (not roofed or enclosed) and
ventilation is not required. Vehicles containing
livestock that are carried in the lower, closed
decks of ferries — where heat and humidity can
build up quickly — must have good ventilation
provided by the ship.

Meat Quality

Good-quality beef has a final pH value close to
5.5. At pH values of 5.8 and above, both the
tenderness and the keeping quality of the fresh
chilled meat are adversely affected. High-pH
meat is unsuitable for the premium trade in
vacuum-packed fresh meats and, depending on
the commercial use of the product, dark-cutting
meat may be discounted by 10% or more
(Tarrant, 1981). In feedlot cattle in the USA,
1.9% of the steers and heifers were down-
graded due to dark-cutting (Smith et al., 2006).
In South America, levels of dark-cutting beef in
pasture-fed cattle can be as high as 5-10%
(Amtmann et al., 2006).

High pH in meat is caused by an abnor-
mally low concentration of lactic acid in the
meat, which in turn is a reflection of low muscle
glycogen content at slaughter. Post-mortem
production of lactic acid requires an adequate
content of glycogen in the muscles at slaughter.
Ante-mortem glycogen breakdown is triggered
by increased adrenaline release in stressful
situations or by strenuous muscle activity. Cir-
cumstances that trigger one or both of these
glycogen breakdown mechanisms will deplete
muscle glycogen, especially in the fast-twitch
fibres (Lacourt and Tarrant, 1985; Shackleford
et al., 1994), and will result in high-pH,
dark-cutting meat unless a recovery period from
stress is allowed.

In practice, in many abattoirs, restful condi-
tions with access to feed cannot be provided.
Experiments in Chile have shown that there is
no beneficial effect on the welfare of the animals
by a long lairage time at the abattoir (Tadich
et al., 2005) and that increasing transport jour-
ney times (from 3 to 24 h) and lairage times
(from 3 to 24 h) also increases the incidence of
high-pH and dark-cutting carcasses (Gallo et al.,
2003; Amtmann et al., 2006).

These results are in accordance with the
reductions in muscle glycogen found in the
same animals, as they are deprived of feed dur-
ing transport and lairage. Furthermore, the rate
of post-stress muscle glycogen repletion is slower
in cattle than in other species (McVeigh and
Tarrant, 1982), so it is better to avoid the prob-
lem than to attempt to remedy it. On average,
bulls may have more dark-cutters than similar
steers (Tennessen et al., 1984).
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The animal behaviour most closely associ-
ated with glycogen depletion and dark-cutting
beef is mounting activity. Both fighting and
mounting are stimulated by social regrouping
and the mixing of young bulls (McVeigh and
Tarrant, 1983; Warriss et al., 1984; Tennessen
et al., 1985; Tarrant, 1988) and by heat (oestrus)
in groups of females (Kenny and Tarrant, 1988).
Modifications of the holding pens aimed at
reducing mounting activity during penning
before slaughter have been successful in pre-
venting dark-cutting in bulls (Kenny and
Tarrant, 1987c).

Social regrouping prior to transport causes
a much higher incidence of dark-cutters in bulls
compared with steers (Price and Tennessen,
1981; Tennessen et al., 1981, 1985). Short
periods of mixing greatly increase the levels of
dark-cutting in bulls, but dark-cutting will increa-
se in steers if they are mixed for more than 24 h
(Grandin, 1979). Scanga et al. (1998) found
that dark-cutting increased if there were sharp
temperature fluctuations or temperature extre-
mes 24-72 h prior to slaughter. Practical experi-
ence in large slaughter plants has also shown
that feedlot cattle spending the night in the plant
lairage had more dark-cutters. One of the other
factors that can greatly influence the occurrence
of dark-cutting beef in fed cattle is excessive use
of growth promoters (Scanga et al., 1998).

Short road journeys are not likely to cause
dark-cutting (Eldridge and Winfield, 1988),
except where trauma occurs, for example, when
an animal goes down (Tarrant et al., 1992).
Warnock et al. (1978) also found much higher
meat pH values in the carcasses of ‘downer’
cows compared with those in cows that did not
go down (6.3 versus 5.7).

Long-distance road or rail transport of cat-
tle caused a small elevation of meat pH and a
corresponding increase in the incidence of
dark-cutters (Wythes et al., 1981; Tarrant et al.,
1992; Honkavaara, 1995; Gallo et al., 2003).
This was reversed by resting and feeding for
2 days or longer before slaughter (Shorthose
et al., 1972; Wythes et al., 1980). The first
author has observed that steers that engaged in
intense fighting required up to a week on feed to
recover and to have good meat quality.

Other effects of transport on meat quality
include an increase in toughness (Schaefer et al.,
1990) and a decrease in palatability (Jeremiah

et al., 1992; Schaefer and Jeremiah, 1992).
The sensory quality of veal was lower after
long-distance transport of 20-week-old calves
(Fernandez et al., 1996).

Effect of Transport on Live Weight Loss

The loss of live weight and carcass yield during
transportation of cattle is of both welfare and
economic concern. Animals lose live weight as a
consequence of excretion, evaporation and
respiratory exchange (Dantzer, 1982). In cattle
hauled an average of 1023 km, almost one-half
of the shrinkage was due to loss of carcass
weight (Self and Gay, 1972). Most of the live
weight losses during transportation may be
attributed to the effect of withdrawal of feed and
water; the gut contents can account for 12-25%
of the animal’s live weight.

Fasting of 396 kg steers for 12, 24, 48 and
96 h caused live weight losses of 6, 8, 12 and
14%, respectively (Wythes, 1982). Similarly, in
the USA, slaughter-weight cattle, transported
for 5 and 26 h, lost 2 and 6.3% of their body
weight, respectively (Mayes et al., 1979). In 24-h
journeys by road, the live weight losses in cattle
were about 8% (Shorthose, 1965; Lambooy
and Hulsegge, 1988; Tarrant et al., 1992). Reco-
very of body weight to pre-transport values took
5 days (Warriss et al., 1995).

Similar shrink losses have been observed
in South America (Gallo et al., 2000, 2001). In
road transport of 36 h to 46 h, including roll-on,
roll-off ferry crossings in Chile, the second
author found weight losses of 10%. Gallo et al.
(2003) transported cattle either 3 or 16 h and
observed that carcass weights tended to be
lower after the longer trips.

In 24-h road journeys under cool ambient
conditions (4-16°C), there was evidence of
dehydration, as shown by increases in red
blood cell count, haemoglobin, total protein and
packed-cell volume (Tarrant et al., 1992; Warriss
et al., 1995). Similar results were reported in
Chile (Tadich et al., 2000). Moreover, Gallo
et al. (2000) and Valdés (2002) measured the
weight changes of steers during lairage, after
being transported for 3, 6, 12 and 24 h, and
there were increases in live weight in the steers
submitted to the two longer journeys (as opposed
to weight losses continuing in the steers arrived
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after shorter transport journeys); increases in
live weight were attributed to the fact that ani-
mals transported for the longer journeys arrived
thirsty and drank water during lairage.

Dehydration is, therefore, a factor in loss of
live weight and also carcass weight during trans-
portation. Lambooy and Hulsegge (1988) found
slightly increased haematocrit and haemoglobin
values in pregnant heifers transported by road
for 24 h. The heifers had access to water and
feed after 18 h of transport, and water uptake
per animal ranged from 1-6 1. Shorthose (1965)
calculated that the approximate rate of carcass
weight loss in steers was 0.75%/day for transport
and holding times lasting from 3-8 days. Provid-
ing water ad libitum to fasted livestock reduces
shrink (Hahn et al., 1978).

The effect of giving cattle access to water
after a long journey in hot weather (25-36°C)
was examined by Wythes (1982). Access to water
for 3.5h or longer before slaughter allowed
muscle water content to increase, and this was
reflected in heavier carcasses. Providing cattle
with an oral electrolyte in their drinking water
reduced both carcass shrink and dark-cutting
(Schaefer et al., 1997).

In a major study of 4685 calves and year-
lings, animals subjected to the increased stress
of moving through a market had greater shrink
than animals purchased directly from the ranch
of origin (Self and Gay, 1972). Collectively, the
physiological changes observed in cattle during
transport and handling — which include changes
in blood cells, blood metabolites and enzymes,
electrolyte balance, dehydration and increased
heart rate — suggest that treatments designed to
attenuate stress should be considered as a
means of protecting animal welfare and benefit-
ing carcass quality and yield (Schaefer et al.,
1990, 1997). The application of oral electrolyte
therapy, especially if similar in constituents to
interstitial fluid, seems to attenuate these physi-
ological changes and results in less carcass
shrink and reduced dark-cutting. See Chapter
19 on physiology.

South American Transport Studies
The effect of transportation on weight loss, meat

quality and bruising is similar to that found in
studies done in other countries. The cattle in

these studies were grass-fed steers and heifers.
All the animals in the studies in Chile were Bos
taurus, mainly Friesian steers.

Compared to shorter journeys (3 and 6 h),
the longer journeys (12, 16 and 24 h) were
associated with higher reductions in live weight,
increased bruising, higher final muscle pH and
an increase in the proportion of carcasses down-
graded because they were classified as dark-
cutting. The space allowance in these studies
was 400 kg/m? and 500 kg/m?. Figure 9.1 shows
cattle close to these two different stocking densi-
ties. The carcass weights also tended to be lower
after the longer journeys and longer periods in
lairage (Gallo et al., 2000, 2001, 2003).

Regarding the effects of transport on the
blood concentrations of cortisol, glucose and
CK activity after transport at arrival at the
slaughterhouse, it was seen that non-stop jour-
neys lasting 24 and 36 h were detrimental to the
animals’ welfare (Tadich et al., 2000); also, due
to fatigue, animals started falling down after
12 h of transit, increasing bruising and compro-
mising animal welfare. An 8-h rest stop with hay
and water during a 36-h trip reduced severe
bruising and prevented cattle from falling (see
Table 9.5); the rest stop started 24 h into the
journey (Gallo et al., 2001).

Regarding the effects of lairage time, which
is usually > 12 h in Chilean abattoirs, it was
concluded that there was no beneficial effect on
the welfare of cattle of these long lairage times
(Gallo et al, 2003; Tadich et al., 2005). Shorter
lairage times will reduce the level of dark-cutters.
The use of roofed compared with non-roofed
lairage pens in rainy conditions did not affect
carcass quality with 12 h lairage, but the best

Table 9.5. Effect of an 8-h rest-stop with hay and
water during 36 h of truck transport on bruising
and dark-cutters (n = 20 per group).

Rest-stop Continuous
(n) 36-h trip (n)

Carcasses with 0 6
bruises penetrating
muscle
Carcasses with 3 5
pH>6.0
Fallen cattle in the 0 3

truck upon arrival
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carcass quality — in terms of pH and colour —
was obtained when the steers were slaughtered
within 2 h of arrival at the slaughterhouse
(Novoa, 2003). Lairage times of 12 and 24 h
significantly reduced muscle glycogen reserves
in steers, increasing the risk of dark-cutting
problems (Amtmann et al., 2006).

In Chile, long transport journeys (600—
1000 km) without water and feed are common
for cattle sent to slaughter. Surveys have shown
that most cattle arriving at the slaughterhouse
had a mean space allowance of 455 kg/mZ.
Thirty-two per cent of the 413 loads surveyed,
comprising 35.6% of the 12,931 animals trans-
ported, were carried at an estimated stocking
density of 500 kg/m? or higher (Gallo et al.,
2005).

An experimental comparison of space allow-
ances of 400 kg/m? versus 500 kg/m? resulted in
the higher density producing higher bruising
scores and greater stress according to blood
concentrations of cortisol and glucose after a
16-h journey. No differences were found after
short journeys (3 h) (Mencarini, 2002; Valdés,
2002; Tadich et al., 2003a, b; Table 9.6).

Gallo et al. (2001) found that a rest stop
during a 36-h trip reduced bruises and pre-
vented fatigued cattle from falling down. Three
cattle out of 20 with no rest fell, while none of
the rested cattle fell; the truck was stocked at
500 kg/m?. In the lighter stocking densities used
by Tarrant et al. (1992), falls occurred during a
24-h non-stop trip. Both studies indicate that
fatigue may be a major contributor to cattle
going down during transport.

Studies in Uruguay — mainly on producing
horned Hereford cattle — showed that the most
common distances travelled by cattle to slaugh-
terhouses were much shorter than in Chile
(231-266 km); nevertheless, 68.8% of the cattle
slaughtered between 2002 and 2003 presented
bruising and there was a significant positive
association of bruises with distance travelled,
state of the roads and characteristics of the vehi-
cles (Castro and Robaina, 2003; Huertas and
Gil, 2003a, b). The authors indicated that the
weight of condemned damaged tissue varied
between 300 g and 2 kg, a situation that pro-
duces high economic losses to the Uruguayan
meat industry.

In Brazil, 16,104 cattle were surveyed at
one slaughter plant (R.M. Renner, 2004, per-
sonal communication); it was found that 51% of
all carcasses produced had bruising, cows being
the most affected, and the most common site of
lesion was the leg, a region with high-value cuts.
Nine per cent of the bruises observed were
severe, requiring the condemnation of between
800 g and up to 55 kg of carcass weight. In this
survey, 50% of the cattle had travelled only up
to 100 km, and the rest up to 600 km; no clear
relationship between transport distance and
presence of bruises was found.

The studies in different regions of South
America show that, although the risk of affecting
welfare and damaging the carcass increases
with distance travelled by cattle, there is no
straightforward relationship, and factors such as
breed, gender, age, horns, vehicle characteris-
tics and maintenance — as well as driving skills,

Table 9.6. Effect of varying transport journey times and stocking densities (kg/m?) on bruising in steers

(from Valdés, 2002).

Journey (3 h)

Journey (16 h)

Stocking density 400 500 400 500

n % n % n % n %
Total carcasses 28 100 32 100 28 100 32 100
Bruised carcasses 10 35.7 11 34.3 12 42.8 18 56.2
Grade 1 (sub- 8 28.5 10 31.3 11 39.2 14 43.8
cutaneous tissue
compromise only)
Grade 2 (muscle 2 71 1 3.1 1 3.5 4 12.5

tissue compromise)
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road conditions and animal handling during
loading and unloading - play an important role.

Either due to the economic impact of trans-
port in the meat industry or the increasing
demands of consumers for the consideration of
animal welfare in the meat chain, most coun-
tries in South America, especially those export-
ing meat, are implementing measures to
improve live animal transport and ethical qual-
ity of the products. An important step forward
has been awareness of the problem at govern-
mental and industry level, through research
results and training programmes for people
handling the animals (R.M. Renner, 2004,
(Auditor de Bem Estar Animal, Brazil), personal
communication).

Bovine Respiratory Disease
and ‘Shipping Fever’

The most important disease associated with the
transportation of cattle is shipping fever (bovine
respiratory disease) (Fike and Spire, 2006),
which is attributed to the stress caused by trans-
porting cattle or calves from one geographical
region to another. In North America, where
feedlot fattening of beef cattle is common, it is
estimated that 1% of cattle die as a conse-
quence of transport stress and its aftermath
(Irwin et al., 1979; Loneragen et al., 2003).
Bovine respiratory disease (shipping fever) is
responsible for 50% death losses in the feedlot
and 75% of the sickness (Edwards, 1996;
Loneragen et al., 2003; Deering, 2006). Four-
teen per cent of US feedlot cattle became ill
from bovine respiratory disease (shipping fever)
(Snowder et al.,, 2006). Feedlot cattle with
bovine respiratory disease gain less weight
(Morck et al., 1993).

Shipping fever has also been reported in
most European countries and in Asia (Hails,
1978). Differences between marketing systems
in the USA and Australia that predispose cattle
to shipping fever were discussed by Irwin et al.
(1979). Co-mingling of weaner calves from dif-
ferent ranches before the journey may be more
detrimental than co-mingling at their destination.
To reduce losses, calves hauled long distances to
feedlots — where they will receive grain — should
be fed a 50% concentrate diet before shipping
(Hutcheson and Cole, 1986).

Economic losses caused by death are minor
compared with the cost of prophylactic treat-
ment of affected cattle and poor growth in those
that recover. The main symptoms of shipping
fever are those of the bovine respiratory disease
complex: this syndrome is characterized by
fever, dyspnoea and fibrinous pneumonia, less
often by gastroenteritis and only occasionally by
internal haemorrhage. Fed cattle that had lung
lesions from pneumonia (shipping fever) at
slaughter had gained less weight, carcasses were
downgraded for less marbling and the meat was
tougher (Gardner et al., 1998). Other research-
ers have also found that the presence of lung
lesions at slaughter was associated with reduced
weight gain (Wittum et al., 1995a, b).

The pathogenesis of bovine respiratory dis-
ease involves a sequential cascade of events ini-
tiated by stress, which may have lowered the
animal’s resistance to infection. Very little
research has been done on the detrimental
effects on the immune system of heat, cold,
crowding, mixing, noise and restraint (Kelley,
1980; Kelley et al., 1981). Ruminal function is
impaired by transit stress. Transport imposes a
greater stress on the rumen than feed and water
deprivation (Galyean et al., 1981). This impair-
ment may be explained by a decrease in rumi-
nation during transport. Kent and Ewbank
(1991) reported that, during transport, rumina-
tion greatly decreased in 3-month-old calves.

In extensively reared beef cattle, the stress
of transport had a greater detrimental effect on
the animal’s physiology than the stress of feed
and water deprivation for the same length of
time (Kelley et al., 1981; Blecha et al., 1984).
Similar findings have been reported in Chile,
when the effects of 3 or 16 h of deprivation of
water and feed were compared in Friesian
steers kept either confined in a pen on the farm
or transported by road (Tadich et al., 2003b).

Stress-induced changes in host resistance
may explain the physiological basis of shipping
fever in cattle. Tarrant et al. (1992) observed an
increase in total white blood cell count and
neutrophil numbers and a reduction in lympho-
cyte and eosinophil numbers in cattle after long
journeys. The reduction in lymphocytes may
result in a loss of resistance to infection in cattle
after long journeys.

A more recent study done with 367 kg bulls
at a stocking density of 360 kg/m? for 18- and
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24-h trips showed only minor differences in
physiological measures compared with controls
(Earley et al., 2006). This lack of differences
may be partially explained by the fact that both
the transported and control group were weaned
immediately before transport (B. Earley, Grange
Beef Research Centre, Ireland, 2006, personal
communication). For example, Murata (1995)
found that serum collected after 48 h of trans-
portation had an immunosuppressive effect on
peripheral blood neutrophils, decreasing their
bactericidal activity.

The immune function of Bos indicus steers
was significantly lowered after a 72-h trip
(Stanger et al., 2005). Transportation of beef
calves immediately after weaning can increase
stress. Arthington et al. (2003) found that trans-
port had detrimental effects on acute-phase
proteins in newly weaned calves. Crookshank
et al. (1979) found that calves transported
immediately after weaning had higher cortisol
levels compared with calves that had been
weaned and placed in feedlot pens for 2 weeks
prior to transport. Both weaning and transport
affect the humoral immune response of calves
(MacKenzie et al., 1997).

In a study of 45,000 6-month-old calves
transported to feedlots, Ribble et al. (1995)
found that differences between short and long
hauls explained little, if any, of the variation
among truckloads of calves in the risk of fatal
fibrinous pneumonia. They suggested that other
elements of the transportation process might be
more stressful and therefore responsible for
shipping fever. Longer trips have a more detri-
mental effect on stress physiology (Fazin et al.,
2005), but other factors such as fear stress,
weaning stress and mixing with strange calves
are likely to be contributors to stresses which
increase sickness.

Methods of preventing shipping fever

Research on 7845 calves has shown that sick-
ness in 6-month-old calves that had been trans-
ported long distances could be greatly reduced
by weaning and vaccinating of the calves 5-6
weeks prior to long-distance transport (National
Cattlemen’s Association, 1994; Swanson and
Morrow-Tesh, 2001). Unvaccinated calves that
are shipped the same day they are weaned will

have more respiratory sicknesses and death
losses (National Cattlemen’s Association, 1994;
Fike and Spire, 2006). Death losses due to
respiratory disease were 0.16% in vaccinated
and pre-weaned calves, 0.98% in calves which
were still bawling after being removed from the
cow and 2.02% in calves bought from order
buyers and auctions (National Cattlemen’s
Association, 1994).

The best management strategy is to prevent
shipping fever. Since 2000, more and more
feedlot managers contract with ranchers to pre-
wean and vaccinate calves 30-45 days before
shipment. Feedlot managers will pay US$20
more per weaner calf to receive these
preconditioned animals (Troxel et al., 2006).

Practical experience shows that cattle from
pastures that were deficient in minerals had
more death losses than cattle that had received
mineral supplements (Peltz, 1999). Supplemen-
tation of newly arrived calves with vitamin E,
chromium or an antioxidant can reduce sick-
ness and improve performance (Barajas and
Ameida, 1999; Purnell, 1999; Stovall et al.,
1999). A large dose of 1600 IU/day of vitamin E
in the feed was most effective. A more recent
study by Carter et al. (2005) showed that 2000
IU of vitamin E reduced medical costs, but had
little effect on performance. Since newly arrived
feeder cattle showing signs of sickness often
have reduced feed intake, they should be fed
diets with increased nutrient density and be sup-
plemented with extra vitamins and minerals to
help reduce sickness (Galyean et al., 1999;
Loerch and Fluharty 1999; Sowell et al., 1999).
Fike and Spire (2006) go into more detail about
receiving programmes for beef calves arriving at
feedlots.

When wild, extensively raised calves are
transported, dealers who transport thousands of
calves on trips ranging from 1000-2000 km
have found that the animals are less likely to get
sick if they are transported within 32 h without a
rest stop (Grandin, 1997). This may possibly be
due to the fact that some of the calves have not
been vaccinated prior to transport. Another fac-
tor is that loading and unloading may be stressful
to calves that are not accustomed to handling.
Factors unrelated to transport or handling may
also affect susceptibility to shipping fever.

Both research and practical experiences
show that cattle that eat and drink shortly after
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arrival are less likely to get sick (Schwartzkopf-
Genswein et al., 2005). To facilitate drinking in
extensively raised cattle that have watered out
of ponds, the animals should be trained to drink
from a water trough before the trip. The first
author has observed cattle that died because
they were afraid of a float-controlled water
trough. Calves that received an adequate pas-
sive immunity from the mother cow’s colostrum
are more resistant to bovine respiratory disease
(Wittum and Perino, 1995a). This implies that
maternal traits and adequate milk production
affect susceptibility to disease due to transport
stresses later in life.

Conclusions

Some of the worst welfare problems that occur
during transport are caused by putting sick,
emaciated or debilitated cattle on a wvehicle.
Overstocking a truck with too many cattle will

increase the numbers of cattle that get bruised
or fall down and get trampled. To reduce the
economic incentive to overload vehicles, trans-
porters should be given incentives for the deliv-
ery of healthy cattle with a minimum of bruising.
Best practices such as pre-weaning calves and
vaccination 45 days before transport will help
reduce sickness. Cattle transported for long dis-
tances will require more space compared to
short distances, because the animals are more
likely to lie down. After approximately 24 h of
transport, cattle should be rested, watered, and fed.
An animal’s reaction to the stress of trans-
port may be very variable. For intensively raised
cattle that are accustomed to close contact with
people, riding in the vehicle may be more
stressful than walking up the loading ramp. For
wild, extensively raised cattle, just the opposite
may be true: loading and unloading may be the
most stressful part of the trip. Other essential
best practices are non-slip flooring in vehicles,
quiet handling and careful driving to prevent
animals from being thrown off balance.
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Introduction

The relationship between humans and sheep is
probably more than 6000 years old (Hulet
et al., 1975). No doubt, the original relationship
was one-sided, with humans hunting herds of
wild sheep for food and clothing. But gradually,
during the process of domestication, hunting
changed to herding and herding changed to
farming. This transition from hunter to farmer
has brought about a change in behaviour and
attitude towards sheep, so that humans are now
responsible for the day-to-day care and well-
being of sheep flocks. However, the transition
has been incomplete, and many of the tech-
niques of the hunter/herder are still used during
sheep-handling.

There are about 1.2 billion sheep world-
wide (Lynch et al., 1992). Most of these sheep
are handled at least twice a year for two essential
treatments — shearing and crutching (shearing of
the breech and hindlegs to prevent fouling by
faeces) — and generally they are handled more
often. Sheep movement is usually prompted by
the use of fear-evoking stimuli, and the treat-
ment is usually stressful and aversive (Hutson,
1982b; Hargreaves and Hutson, 1990a, 1997).
The handling procedure involves mustering, often
with dogs and motor bikes, movement through

yards, races and sheds and, finally, administra-
tion of a treatment, often involving isolation,
manipulation and restraint. Treatments can be
apparently mild, such as classing, drafting (sort-
ing), drenching, dipping, vaccination and jetting
(spraying) or more prolonged and stressful,
such as foot trimming, castration, tail docking
and shearing.

Behavioural Characteristics
Important for Handling

Kilgour (1976) described the sheep as a:

defenceless, vigilant, tight-flocking, visual,
wool-covered ruminant, evolved within a
mountain grassland habitat, displaying a
follower-type dam—offspring relationship,

with strong imitation between young and old
in establishing range systems of tracks and best
forage areas, showing seasonal breeding and a
separate adult male sub-group structure.

He claimed that most behaviour seen in sheep
on farms could be traced to one or other of these
characteristics. I think this description of the sheep
is best encapsulated in three words — flocking,
following and vision; and I would add one more —
intelligence. These four characteristics form the
basis for all principles of sheep handling.

1 This chapter is dedicated to the memory of Ron Kilgour, whose pioneering work on sheep behaviour, welfare
and handling stimulated much of the research that is reviewed here.
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Flocking

The ancestral sheep adapted to mountain grass-
lands have evolved by natural and artificial
selection into breeds occupying diverse habitats
and varying climates. The social organization of
sheep in the wild is probably exemplified by the
feral Soay sheep on St Kilda, a small, remote
island to the north-west of Scotland. Grubb and
Jewel (1966) found that ewes tended to form
large groups with fairly well-defined home
ranges. Males associated in smaller numbers
(two to three) and at mating moved from group
to group. Young males left the groups of ewes at
about 1 year old to form their own male-male
groups.

In domestic flocks, this normal social
organization is disrupted by the removal of
lambs before natural weaning and by keeping
sheep in flocks of uniform age and sex. Despite
these disruptions, sheep still aggregate to form
flocks. Crofton (1958) studied aerial photo-
graphs of domestic sheep and found that the
distance between individual grazing sheep
varied, but they were oriented so that an
angle of about 110° was subtended between
the head of each sheep and the two others in
front of it.

This angle corresponded to the angle
between the optic axes of the eyes and implied
that sheep grazed that way because that was the
way their eyes were pointing. No doubt, vision
is important in maintaining contact within the
flock, but the 110° angle seems to be fanciful
and has not been confirmed by other studies.
However, Crofton’s conclusions that sheep
aggregate and that vision is important in social
spacing remain valid.

Sheep maintain social spacing and orienta-
tion, even when confined in pens. Hutson
(1984) found that standing sheep oriented
themselves so that they were parallel to and fac-
ing in the same direction as their nearest neigh-
bour. Sheep lay down parallel to and next to the
sides of open-sided pens, but selected positions
at random in covered pens.

Various factors will affect flock behaviour
and structure while grazing, including breed,
stocking rate, topography, vegetation, shelter
and distance to water (Kilgour et al., 1975; Squires,
1975; Stolba et al., 1990; Lynch et al., 1992).
The adaptive advantages of this behaviour are

clear: it provides more efficient exploitation of
seasonal food resources and protection from
predators. Sheep respond to the sight of a pred-
ator by flocking and flight (Kilgour, 1977
Hansen et al., 2001; Dwyer, 2004). In the wild,
sheep have long flight distances, but in con-
fined spaces this distance will vary according
to the space available for escape. When con-
fined in a 2 m-wide laneway, the flight distance
of sheep to an approaching man was 5.7 m
compared with 11.4 m in a 4 m-wide laneway
(Hutson, 1982a). Flight distance was not
affected by flock size, density or speed of
approach. Individual sheep had longer flight
distances than flocks.

One consequence of this social structure is
that sheep have the opportunity to form stable
relationships. Hinch et al. (1990) and Rowell
(1991) reported that long-term social bonds
may form between lambs and their mothers.
Sheep may also develop a group identity. When
groups of strange sheep have been mixed, they
have kept to their own groups for several weeks
before full integration occurred (Arnold and
Pahl, 1974; Winfield et al., 1981).

The concept of a socially stable flock has
important consequences for handling. Kilgour
(1977) noted that, when separated from a
group, an individual will run toward other
sheep, irrespective of the position of the handler
or dog. A sheep isolated from the flock may
also show signs of tonic immobility or escape,
depending on the type of restraint (Syme, 1985).
Syme (1981) found that 30% of merino sheep
responded either physically or vocally to less
than 5 min of isolation from the mob. Kilgour
(1977) suggested that four or five sheep were
required in a group before the group showed
signs of social cohesion.

Penning et al. (1993) found that sheep in
small groups spent less time grazing and that a
minimum group size of three, preferably four,
was required for studies of grazing behaviour.
Boissy and Dumont (2002) found that individ-
ual sheep were less likely to separate from a
group to graze at a preferred feeding site when
they were with one companion than when they
were in a group of five. Also, the frequency of
vigilance behaviour increased, probably to
maintain social contact with the rest of the
group, when the group size was small (Dumont
and Boissy, 2000).
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Following

The following response of sheep is present at birth,
when a newborn lamb will follow its dam during her
daily activities. This response may play an important
part in maintaining ewe-lamb contact, especially if
the ewe has twin lambs. However, when following
behaviour was tested experimenally in a circular
runway, there was great variability in the response
(Winfield and Kilgour, 1976). Some lambs fol-
lowed the surrogate ewe and others did not follow
at all. The response was strongest for lambs
between 4 and 10 days of age, which suggests
that the generalized following response may be
replaced by a more specific response to the dam.

Nevertheless, following of conspecifics per-
sists in the life of a sheep. Scott (1945) descri-
bed ‘allelomimetic behaviour’ as very common
in sheep. This term refers to any type of activity
that involves mutual imitation. In sheep it includes
walking and running together, following one
another, grazing together, bedding down toge-
ther and bouncing stiff-legged past an obstacle
together. Behaviour within the flock also tends
to be synchronized, with sheep feeding, drink-
ing, resting and ruminating at the same time.
This synchronization of behaviour by grazing
herbivores might be the result of social facilita-
tion (Rook and Penning, 1991).

Leadership also occurs in sheep flocks and
may be related to independence (Arnold, 1977).
Individual sheep have been identified consistently
among the leaders or among the tail-enders in
small sheep flocks (Squires and Daws, 1975).
Hutson (1980b) identified about 10% of sheep
in small flocks as leaders. It is unlikely that these
sheep deliberately led the flock, but moved
independently of other sheep and were then fol-
lowed by them. Leadership will also depend on
the setting, the size and composition of the flock
and the purpose of movement (Syme, 1985).
Sheep can be trained successfully to lead other
sheep. Bremner (1980) used operant condition-
ing techniques to train sheep to walk through
yards, push open and unlatch gates, accept
leash restraint and lead mobs of sheep.

Vision

Sheep have excellent eyesight, as noted by Geist
(1971): ‘A popular myth circulates in North

America that sheep vision is equal to that of a
man aided by 8-power binoculars’. A wide visual
field is a common characteristic of ungulates and
may be an adaptation by prey animals to enable
early detection of predators (Walls, 1942). In
sheep, the angle between the optic axis and the
midline is about 48° (Whitteridge, 1978), which
indicates that the sheep should have a wide,
although not panoramic, monocular field and a
binocular field of about 60°.

Piggins and Phillips (1996) measured the
visual field of Welsh mountain and Cambridge
sheep with a retinoscope and recorded a mon-
ocular field of 185°, with binocular overlap of
61.7°. In practice, Hutson (1980a) found that
the visual field of merino sheep ranged from
190° to 306°, with a mean of 270°. The main
causes of obstruction to rearward vision were
ears, horns and wool growth. The binocular
field of sheep, where the field of vision from
each eye overlapped, ranged from 4° to 77°,
with a mean of 45°. The main obstruction to the
binocular field was the snout.

Stereoscopic vision is the perception of
three dimensions in space. For an animal to
have good stereoscopic vision it is essential that
it has good binocular vision but, in addition, the
optic nerve fibres must decussate incompletely
at the optic chiasma. Clarke and Whitteridge
(1973) worked out the projections of the retina
on the visual cortex of sheep. In area 18, they
found an overlap of about 30° on each side of
the midline, and most cells with fields up to 25°
out were driven binocularly. In addition, visual
acuity — as estimated from peak retinal ganglion
cell density — was twice as high as that of the cat.

Clarke and Whitteridge suggested that
highly developed stereoscopic vision probably
forms the basis for the sure-footedness of ungu-
lates. Tanaka et al. (1995) determined visual
acuity scores in three sheep, which ranged from
0.085 to 0.19. These values indicate that sheep
could resolve visual detail at about one-twelfth
to one-fifth the standard threshold for humans.

Depth perception is the discrimination of a
drop-off or depth downward as opposed to
straight ahead. Depth can be detected using
several cues: an animal may detect a difference
in the density of light from similar surfaces at
different depths; head movements or a change
in position as the animal looks will produce
motion parallax; and an animal may possess
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true stereoscopic vision. Walk and Gibson
(1961) and Lemmon and Patterson (1964)
tested sheep on the visual cliff test and found
good perception of depth. One-day-old lambs
placed on a sheet of glass without visual support
showed an immediate protective response —
freezing, stiffening the forelegs and backing off
the glass.

Sheep also possess some form of colour
vision, but it is not known to what extent they
rely on colour for environmental discrimina-
tions. Morphological evidence suggests that the
sheep is a dichromat. Jacobs et al. (1998) used
electroretinographic techniques to study the
spectral sensitivity of cones in the sheep retina.
Two cone types were identified — an S cone, with
a spectral peak of 445.3 nm and an M/L cone,
with a spectral peak of 552.2 nm. The authors
concluded that the sheep has the requisite
photopigment basis to support dichromatic col-
our vision. A similar conclusion has been drawn
for other ungulates, including cows and goats
(Jacobs et al., 1998) and pigs (Neitz and Jacobs,
1989).

The behavioural evidence for colour vision
does not concur totally with the morphological
evidence and suggests that colour sensitivity
may favour the longer-wavelength end of the
spectrum. Alexander and Stevens (1979) found
that ewes could distinguish coloured lambs from
grey-shaded lambs if the lambs were red, orange,
yellow or white. However, ewes with blue, green
or black lambs performed poorly.

Munkenbeck (1982) used an operant con-
ditioning technique to demonstrate that sheep
could discriminate wavelengths at 30 nm inter-
vals in the range 520-640 nm. Tanaka et al.
(1989a, b) also used an operant conditioning
technique to demonstrate that sheep could dis-
tinguish between the three primary colours and
the same shades of grey. However, 11 sessions
(330 trials) were required to reach criterion on
the red discrimination and 20 sessions (600 trials)
for blue, and one subject failed to discriminate
between green and grey after 64 sessions (1920
trials).

Thus, the limited behavioural evidence
supports colour vision in the yellow—orange-red
end of the spectrum, but provides conflicting
evidence for the blue—green end of the spec-
trum. However, it should be borne in mind that
in behavioural tests of colour vision it is

notoriously difficult to effectively eliminate
non-colour cues (Neitz and Jacobs, 1989).
More recent research on dichromatic vision in
grazing animals is reviewed in Chapter 4.

Kendrick and Baldwin (1987) and Kendrick
(1991) have investigated visual recognition in
the sheep using single-cell electrophysiological
recording techniques. They investigated the
responses of single neurons in the temporal cor-
tex of sheep to various visual images. A small
population of cells responded specifically to
images of dog and human faces. Other cells
responded to the sight of a human shape rather
than the face. These cells did not distinguish
between humans, their sex, what they were
wearing, whether the back view or front view
was presented or whether the head and shoul-
ders were covered. Thus, decisions about an
appropriate behavioural response to a potential
predator could be made quickly at the level of
sensory analysis.

However, there is no doubt that sheep
could also learn these discriminations. Baldwin
(1981) has demonstrated that sheep can per-
form complex visual discrimination learning
tasks in the laboratory using geometrical sym-
bols and Kendrick et al. (1995) have shown that
sheep can discriminate in a Y-maze between the
projected images of faces of different sheep and
humans. Davis et al. (1998) used an operant
conditioning technique to demonstrate that sheep
can discriminate between individual humans.

Other senses

Olfaction is less important to sheep in handling
situations, although sheep have well-developed
olfactory apparatus and are able to make keen
olfactory discriminations. Olfactory recognition
of the newborn lamb may be established within
30 min of parturition (Keller et al., 2003).
Baldwin and Meese (1977) demonstrated that
sheep were able to distinguish between con-
specifics using a range of secretory and excre-
tory products. Blissitt et al. (1990) found that
rams could discriminate between fresh oestral
and non-oestral urine odours.

Sheep will avoid grazing pasture conta-
minated with faeces (Cooper et al., 2000), and
the odour of dog faeces appears to have an
innate repellent effect. Arnould and Signoret
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(1993) reported that sheep refused to eat food
contaminated with dog faecal odour and did not
habituate to repeated exposure. Geist (1971)
claimed that the sense of smell was well enough
developed for sheep to be able to scent a man
350 yards away under favourable conditions.

Despite this extravagant claim, the distance
over which olfactory discriminations are effec-
tive probably limits the usefulness of this sense
in handling situations. Alexander (1978) found
that ewes could distinguish their own lambs
from aliens at close quarters, but when the lamb
was more than 0.25 m away the ewes could no
longer make the discrimination. Franklin and
Hutson (1982a) reported that interdigital gland
secretion did not influence path choice of sheep
moving through a Y-maze.

Wollack (1963) investigated auditory acu-
ity in three sheep using a conditioned leg flexion
response. Auditory sensitivity increased at
frequencies from 10-10,000 Hz, with a slight
decrease around 1000 Hz. There was a rapid
decrease in sensitivity from 10,000 to 40,000 Hz.
Ames and Arehart (1972) determined auditory
threshold curves by electroencephalogram
(EEG) changes and behavioural responses and
found maximum sensitivity at 7000 Hz. Shillito
(1972) showed that the dominant frequencies in
a lamb’s bleat and a ewe’s rumble were
between 1000 and 4000 Hz, and not at the
peak sensitivity of hearing. Maximum sensitivity
of hearing may therefore be attuned to auditory
detection of predators and danger, rather than
to the calls of other sheep.

Sheep show little response towards sonic
booms and jet aircraft noise. Espmark et al.
(1974) found the strongest reaction to sonic
booms in standing sheep, who flung up their
heads and started running, forming a ‘bunch’
with other sheep and moving off together. How-
ever, the sheep quickly adapted so that after
three exposures (five booms per day) they
barely responded. Some sheep still reacted with
a short and fast run, but then immediately
resumed their previous activity. The sheep
showed little or no response to subsonic aircraft
noise ranging from 75 to 109 dB.

Ewbank and Mansbridge (1977) also found
that grazing lowland sheep tended to run
together in response to simulated sonic booms
at their first few exposures, but quickly adapted.
In contrast, hill sheep scattered, but they too

adapted. Weisenberger et al. (1996) reported
that heart rates of captive mountain sheep expo-
sed to simulated jet aircraft noise increased, but
returned to resting levels in 1-3 min, and
Krausman et al. (1998) reported increased heart
rates in mountain sheep in only 14% of over-
flights by F16 aircraft and a return to preflight
levels within 2 min.

Ambient noise during transport also appears
to have little effect on sheep. Hall et al. (1998)
reported that sheep showed no orientation
away from the noise source (a generator) and
no behavioural changes indicative of discomfort.

Vocal communication between sheep seems
to be of relatively minor importance, since
sheep do not give a vocal alarm call and vocal-
ize only in specific situations such as: (i) isola-
tion from the flock (Torres-Hernandez and
Hohenboken, 1979); (ii) during courtship of
oestral ewes, when rams utter a low-pitched
rumble (Banks, 1964); and (iii) in ewe-lamb
recognition (Alexander and Shillito, 1977
Dwyer et al., 1998).

Searby and Jouventin (2003) have pointed
out that the vocal signature of ewes and lambs is
similar, since it relies only on the mean frequency
and spectral energy distribution (timbre) of the
call. The simplicity of this system is probably
linked to the roles played by vision and olfaction
in corroborating the vocal information. Sheep
vocalizations have no attractive effect on move-
ment along races (Franklin and Hutson, 1982b).

Vocalizations have been shown to be a
useful indicator of handling problems in beef
slaughter plants (Grandin, 2001). However, the
low frequency of vocalization in sheep and the
inhibition of vocalization in the presence of
predators (Dwyer, 2004) may both confound its
use as a measure of distress in sheep.

Intelligence

Many farmers deride the intelligence of sheep
with remarks such as ‘sheep are stupid’. How-
ever, this apparent stupidity can nearly always
be attributed to the overriding presence of the
protective flocking instinct (Kilgour and
Matthews, 1983; Hutson, 1994). There have
been many studies confirming the above-average
learning ability of sheep. They can be conditio-
ned easily in classical conditioning experiments.
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Liddell and Anderson (1931) were probably the
first to use sheep in conditioning experiments.
They conditioned sheep to make reflex leg
movements in response to the beat of a metro-
nome after eight to nine pairings of the metro-
nome with an electrical shock.

Sheep can also be conditioned to perform
operant responses, and will press panels with
their muzzles to make shape discriminations
(Baldwin, 1981) or push through a weighted
door to obtain food (Jackson et al., 1999), oper-
ate foot treadles to obtain sodium solutions
(Abraham et al., 1973) and push cards off buck-
ets to make colour discriminations (Bazely and
Ensor, 1989). They can reach high rates of
response on fixed-ratio schedules for preferred
foods (Hutson and van Mourik, 1981; Hutson
and Wilson, 1983).

In general, sheep perform well on tasks
involving discrimination between left and right
turns in U- and T-mazes (Kratzer, 1971). Liddell
(1925, 1954) found that individual sheep could
learn to run through a simple maze in a few tri-
als. The maze consisted of three parallel alleys,
one of which was a cul-de-sac. The sheep was
required to find its way up the central alley and
then down one of the outer alleys to a food
reward. However, when the problem was made
more difficult by reversing the position of the
blind alley at every trial, the sheep could not
learn to run through the maze without error for
four consecutive trials. This was despite contin-
ued testing of some of the sheep, three times a
week for 3 years. However, Liddell reported
that some of the sheep found running the maze
to be a ‘self-rewarding activity’. More recent
studies by Hosoi et al. (1995) have shown that
sheep exhibit a strong lateral preference in sim-
ple T-mazes, pay little attention to either intra-
or extra-maze cues and probably do not use
maze cues for decision making.

The speed and duration of learning in
sheep quite clearly depend upon the nature of
the task. Discrimination learning for natural
objects like food and the faces of socially famil-
iar animals is much faster than for geometrical
symbols, novel objects such as bottles or socially
unfamiliar animals (Kendrick, 1998). Learning
to associate symbols or novel objects with food
can take anything from 10 to 40 trials and learn-
ing is often only retained for a few hours or days
(Kendrick et al., 1996).

In contrast, individual sheep can remem-
ber 50 other different sheep faces for over 2
years (Kendrick et al., 2001), and once lambs
have learnt that wheat is a palatable food they
can retain this information for up to 34 months
(Green et al., 1984). Kendrick (1998) has sug-
gested that the sheep’s brain is adapted to effi-
ciently learn associations between natural
objects and reward, but not novel associations
between artificial objects and reward.

Sheep appear to have an excellent spatial
learning ability. Sandler et al. (1968) found that
crossbred ewes learned the solution to a simple
detour problem in a single trial. Lee et al. (2006)
reported that sheep have the ability to learn and
retain the spatial memory of a relatively com-
plex maze after three trials. Hutson (1980b)
found that sheep in a group could learn a route
through yards in a relatively small number (four
or five) of trials.

In contrast, Rushen and Congdon (1986a)
suggested that the increased transit time taken
by sheep to move along a race towards repea-
ted aversive treatments reflected the limited
learning abilities of the sheep. But this surprising
conclusion is not justified by their experimental
results, where one trial was sufficient to demon-
strate an aversion to the most severe treatment.
A more likely explanation is that repetition of
the treatment itself was responsible for the
increase, and that cumulative experience of
aversive treatments influenced transit times.
Sheep will remember an aversive experience for
at least 12 weeks (Rushen, 1986a) and for up to
1 year (Hutson, 1985a).

When sheep have been tested on natural
spatial memory tasks involving food-finding they
have performed extremely well (Rook et al.,
2005). Edwards et al. (1996) reported that sheep
had the ability to retain information on the spa-
tial distribution of a food resource after just a
single exposure. Maximum efficiency was achie-
ved in three to four trials. Sheep could learn the
location of a food patch with and without cues,
but learned faster when a cue was present.

Associations with cues appeared to act
independently of memory of spatial locations
(Edwards et al., 1997). When the location of the
cue and food patches was switched randomly,
sheep used spatial memory first to find the new
location (Edwards et al., 1996). Sheep can use
spatial memory under even more complex
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conditions, and learn the location of hidden
food in featureless environments with only dis-
tant landmarks (Dumont and Petit, 1998).

Sheep are capable of single-trial learning,
even at the cellular level. Kendrick (1990)
reported that cells in the hypothalamus respond
to the sight — but not the smell — of known palat-
able foods but not to non-food objects. Initially,
the cells do not respond to the sight of an
unknown food but, if a sheep eats the food just
once and likes it, the cells will respond the next
time it is seen, even if the sheep has not seen it
for a month or more!

Similarly, Provenza and Burritt (1991) have
demonstrated single-trial learning in lambs for
conditioned aversions to palatable foods treated
with the toxin lithium chloride. Naturally occurring
plant compounds such as oxalic acid can also
induce conditioned aversions after a single expo-
sure (Kyriazakis et al., 1998). Food aversions can
even be conditioned in anaesthetized sheep,
which suggests that non-cognitive feedback pro-
cesses are involved (Provenza et al., 1994).

In summary, sheep have excellent learning
ability, can be easily conditioned, perform sen-
sory discriminations, acquire aversions, can
learn simple mazes and have a good short- and
long-term memory.

Implications of Behavioural
Characteristics of Sheep for Handling

These four characteristics of the sheep - its
flocking behaviour, following behaviour, vision
and intelligence — form the basis of all behav-
ioural principles of sheep-handling. I will con-
sider these principles in relation to the three
key elements of an integrated sheep handling
system — the design of the handling environ-
ment, the handling technique and the reason
for being handled - the handling treatment.

Design

Hutson (1980c) recommended that the most
crucial design criterion was to give sheep a clear,
unobstructed view towards the exit, or towards
where they are meant to move. This often
becomes more evident by taking a sheep’s eye
view of the facility. Most behavioural principles

of sheep-handling are probably related to this
criterion. Thus, sheep movement is generally
better on the flat, rather than up- or downhill
(Hitchcock and Hutson, 1979a), away from build-
ings and dead ends (Kilgour and Dalton, 1984), in
wide, straight races (Hutson and Hitchcock,
1978) and in well-lit areas (Hitchcock and
Hutson, 1979b). Sheep will stop and investigate
any novel visual stimulus or change in appear-
ance of a race.

Therefore, shadows or discontinuities on
the ground (Hutson, 1980c), changes in race
construction material or changes in floor type —
e.g. from slats to concrete (Kilgour, 1971) —
should be avoided. Handling facilities should be
painted one solid colour to avoid contrasts
(Grandin, 1980). Judicious use of covered and
open panels can direct movement and vision.
Ramps should have covered sides, and move-
ment inside sheds should be across the direction
of the grating so that sheep can obtain a better
grip with their feet and cannot see through the
floor or perceive heights (Hutson, 1981a).

Learning, flocking and following behaviour
also affect design. Thus, sheep should always be
moved through yards and sheds along the same
route and in the same direction, as they will learn
where they are meant to go (Hutson, 1980b).
Sheep flow is better in wide races where sheep
can move as a group rather than in single file
(Hutson, 1980a). The sight of stationary sheep
will slow down sheep movement through an
adjacent race (Hutson, 1981b), but sheep will be
attracted by the sight of other sheep or alternative
visual stimuli, including mirrors, films, photo-
graphs and models (Franklin and Hutson, 1982c).

Dogs should be used cautiously, if at all, in
confined handling situations, because sheep
turn and face dogs when they cannot escape
from them (Holmes, 1980). A 5-min exposure
to a barking dog is used as a standard stimulus
to induce stress in laboratory studies of sheep
and elicits an abrupt elevation in adrenocorti-
cotrophic hormone (ACTH) and cortisol concen-
trations (Cook, 1997; Komesaroff et al., 1998).

Handling technique

Humans have two conflicting roles in sheep
handling: one is to act as a forcing stimulus
and the other is to administer the treatment.



162

G.D. Hutson

The findings of Whateley et al. (1974) suggest
that sheep react to these roles. They found that
the relative ease of handling of different breeds
reflected that breed’s tolerance of humans and
dogs, but breeds that handled well in paddocks
and yards resisted physical restraint. Hansen et al.
(2001) have also reported breed differences in the
response of sheep to predators, including stuffed
carnivores, a man and a man with a dog.

The human as a forcing stimulus

The traditional motivation used to move sheep
is the repeated application of fear-inducing
stimuli. Sheep handlers use dogs — the natural
predator of sheep — or auditory and visual sig-
nals, such as shouting and waving, to frighten
sheep into moving. Baskin (1974) describes
herders waving arms and clothing, throwing
rocks and even hoisting their caps on sticks to
appear unusually tall. The aim is to frighten the
animals and stimulate the flight response.

However, fear-inducing stimuli do not
always have the desired effect of prompting
movement. Webb (1966) studied a range of
stimuli and devices for driving sheep, including
coloured and flashing lights, white noise, sinu-
soidal sound, electric shock, a mechanical
sweep and air blasts. Sheep ignored the lights
and sound and did not react violently to any of
the shocks. Lambs quickly lost their fear of the
sweep. Some lambs jumped over the pipe deliv-
ering air blasts and the stimulus could not pre-
vent other lambs following.

McCutchan et al. (1992) evaluated a mild
electric shock as a prompt for sheep movement
in a single-file race and found that sheep
responded in an unpredictable manner to the
stimulus. Some sheep moved forwards, some
reversed backwards and some did not respond.
Vandenheede and Bouissou (1993, 1996) have
shown that rams were less fearful than ewes, but
that wethers were more fearful than rams in var-
ious test situations.

It appears that the effectiveness of forcing
stimuli declines as the sheep approach the area
where they are treated. More force is then
applied, and both handler and sheep become
more aroused in an escalating, vicious-circle
effect. Occasionally, the sheep must be physically
moved to the treatment area. The most likely
explanation for this effect is the dual role of the

human handler in forcing and treating sheep.
The human is trying to apply more fear to make
sheep move towards a fearful stimulus. In addi-
tion, increased force will result in greater arousal
and less predictable and erratic responses from
the sheep, including stopping, freezing, fleeing,
baulking, sitting, turning, reverse movement and
jumping (Holmes, 1984a; Syme, 1985; Vette,
1985).

Alternative techniques that utilize different
motivations — such as the flocking/following
response or positive rather than negative rein-
forcement — could be used. For example,
Bremner et al. (1980) have successfully trained
sheep to lead other sheep, and Hutson (1985a)
has reported that food rewards can encourage
voluntary movement and improve sheep-han-
dling efficiency. Kiley-Worthington and Savage
(1978) used classical conditioning to an audi-
tory alarm to prompt movement of dairy cows.
Vette (1985) has described a novel attempt to
improve voluntary sheep movement into a sin-
gle-file race. A rotating circular carousel holding
four to six decoy sheep stimulated sheep to
move into the race. Another novel attempt,
using an artificial wind, was less successful
(Hutson and van Mourik, 1982).

The human as a handler

Many years ago the author speculated that
future improvements in sheep handling would
rely on an animal perspective, which implied that
temperament studies should concentrate on the
handler (Hutson, 1985b). For example, Seabrook
(1972) reported that in dairy herds more milk
was obtained by dairymen classified as confi-
dent introverts than by non-confident extroverts
(see also Chapter 8, this volume). Clear differ-
ences were noted in the willingness of cows to
enter the milking parlour and return from pasture.

Thus, it is quite evident that some people
have the inappropriate personality to be animal
handlers, and others will need prolonged train-
ing. Hemsworth (Chapter 14, this volume) has
identified similar relationships between behav-
iour and attitude of handlers towards pigs and
subsequent production. There is no doubt that
similar principles apply to sheep-handling,
although handling itself is less frequent.

It is generally assumed that sheep-handling
skills are acquired by experience, although there
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has always been debate about whether good
stockhandlers are born or made (Kilgour, 1978).
Ewbank (1968) has suggested that they have an
understanding of animal psychology that is
probably based on acute powers of observa-
tion. For example, good stockhandlers:

1. Make the minimum possible use of fearful
stimuli (Rushen et al., 1999), avoid using loud
noises that animals will associate with handling
procedures (Waynert et al., 1999), avoid pun-
ishing animals and use positive reinforcements
(Hutson, 1985b).

2. Act quickly and decisively, because if han-
dling is fumbled animals become more difficult
to restrain (Ewbank, 1968).

3. Are aware of the flight distance of animals
and utilize the strategy of reverse movement,
i.e. by moving towards confined animals they
can prompt movement in the opposite direction
more effectively than by frightening them from
behind (Hutson, 1982a).

4. Are aware of the importance of arousal in
animal handling and have the ability to predict
animal responses in any situation (Holmes,
1984a).

Much of this knowledge is commonsense,
but it is essential that these techniques are made
explicit for the training of inexperienced handlers.
Even relatively straightforward procedures such as
ear-tagging can cause welfare problems. Studies
of ear damage by Edwards and Johnston (1999)
and Edwards et al. (2001) have demonstrated
that care is necessary during the tag insertion
procedure to avoid poor placement and unnec-
essary trauma. In turn, this is dependent upon
appropriate instruction and training of operators.
An excellent manual is available detailing sheep-
handling skills for New Zealand conditions, but
has universal application (Holmes, 1984a); a
videotape is also available (Holmes, 1984b).

Handling treatment

Although facility design and handling technique
are very important in sheep-handling, the main
problem with obtaining efficient throughput of
sheep is the nature of the handling treatment

inflicted on the sheep. Hutson and Butler (1978)
found that race efficiency fell from 93 to 73% after
sheep had experienced inversion for 30s in a
handling machine. This suggested that many rou-
tine handling treatments were aversive and func-
tioned as negative reinforcers of free movement
through the handling system (Hutson, 1982b).
Research in Australia has focused on the
stressfulness of various sheep-handling proce-
dures. This research has been prompted by wel-
fare concerns and the potential introduction of
new technologies — such as robot shearing
(Trevelyan, 1992). Although attempts to replace
the shearer with a robot have now been aban-
doned, we have much more knowledge about
the relative stressfulness and aversiveness of dif-
ferent handling treatments. Various physiological
and behavioural techniques have been used.
Physiological measures of stressfulness
include plasma cortisol, B-endorphin, haemato-
crit and heart rate. Kilgour and de Langen
(1970) were the first to measure plasma cortisol
concentrations in sheep for different handling
procedures. They found a great deal of individ-
ual variation, but some treatments stressed sheep
more than others. Dog-chasing — especially
when bitten — and prolonged shearing produced
the highest cortisol levels. Fulkerson and Jamieson
(1982) compared patterns of cortisol release fol-
lowing various stressors and reported the most
severe stress was associated with shearing; less
stress was imposed by yarding and handling and
there was no effect attributable to feeding or fast-
ing. Fell and Shutt (1988) used salivary cortisol
to assess acute stressors and ranked treatments in
decreasing order of stressfulness as shearing,
stop-start transport, steady transport, sham
shearing, isolation, cold, jetting and yarding.
B-Endorphin has also been used to moni-
tor the stress response of sheep to potentially
painful handling or surgical procedures. Jephcott
et al. (1986) found significant rises in B-endorphin
after electroimmobilization in comparison with
a control handling procedure, and Shutt et al.
(1987) reported a threefold increase in 3-endor-
phin concentrations 15 min after tail-docking in
lambs, and a maximal eight- to tenfold increase
in response to castration and/or mulesing?
with tail-docking. Shutt and Fell (1988) found

2 Mulesing is a procedure that involves removing skin folds in the tail area; it is performed to reduce the likeli-

hood of blowfly strike.



164

G.D. Hutson

significant increases in plasma [-endorphin in
wethers at 5 min and 15 min following mulesing,
and suggested that an endorphin-induced anal-
gesic response lasted for about 1 h. However,
the extent to which B-endorphin modulates pain
perception is still unknown and controversial.

In another study, Fell and Shutt (1989) found
elevated B-endorphin concentrations 24 h after
mulesing, and Mears and Brown (1997) found that
surgical castration elicited a marked and pro-
longed elevation of B-endorphin for up to 24 h.

Anil et al. (1990) reported a twofold
increase in plasma B-endorphin concentrations
in response to electrical stunning and a further
increase after animals had regained conscious-
ness. Fordham et al. (1989) reported that trans-
port did not increase plasma [-endorphin
concentrations in lambs above concentrations
obtained after mustering with a dog.

Heart rate has also been used as an indica-
tor of response to handling. Webster and Lynch
(1966) found a steady increase in heart rate for
the week following shearing. Syme and Elphick
(1982) reported that sheep unresponsive to social
isolation had a lower heart rate than responsive
sheep when standing alone in a race. Also, heart
rate has been reported to increase in response
to visual isolation, transportation, introduction
into a new flock, human approach and human
approach with a dog (Baldock and Sibly, 1990).

Hargreaves and Hutson (1990a) evaluated
the stress response of sheep to routine handling
procedures, using plasma cortisol and haema-
tocrit. Both parameters were significantly ele-
vated after shearing compared with untreated
sheep, but declined to basal levels within 90 min
of treatment. They concluded that sheep per-
ceived shearing, crutching and drafting as more
stressful than drenching or dipping. Drenching
and dipping were the only treatments in which
sheep stayed together as a group.

In a further analysis of the shearing proce-
dure, Hargreaves and Hutson (1990b, c) used
several physiological measures — including haema-
tocrit, plasma cortisol, plasma glucose and heart
rate — to assess the stress response to components
of the procedure. In a series of treatments, sheep
were separated from other sheep, isolated,
exposed to a human, blood-sampled, up-ended,
exposed to shearing noise and partially shorn.

Haematocrit, plasma cortisol and glucose
increased significantly after shearing but not

following isolation. Shearing was the only treat-
ment that elevated heart rate significantly above
pre-treatment values. The response to noise
alone was less pronounced than to actual wool
removal. It was concluded that wool removal
was more stressful than any of the other manip-
ulations involved in conventional shearing.

Isolation may not be as stressful as initial
investigations (Kilgour and de Langen, 1970)
have suggested. Hargreaves and Hutson (1990b)
did not detect a cortisol or haematocrit response
to 4 min of isolation and suggested that individual
handling and familiarity with the pre-treatment
routine may have attenuated this response.

In contrast, Parrott et al. (1994) reported
an increase in plasma cortisol in response to
60 min of isolation, although the magnitude of
the response was less than that to standing in
water or simulated transport. Parrott et al. (1988a)
also reported an increase in plasma cortisol in
response to 120 min of isolation. Coppinger
et al. (1991) and Minton et al. (1995) reported
that isolation, coupled with restraint (binding of
the legs with adhesive tape) for 6 h, produced a
robust cortisol response in lambs.

However, it is known that restraint alone
will produce an acute cortisol response
(Niezgoda et al., 1993). Cockram et al. (1994)
found that isolation for 24 h produced a signifi-
cant increase in plasma cortisol after 1.5, 3 and
9 h, but not after 6 and 24 h. The response
diminished on subsequent exposures and was
not significant at the seventh and 14th repeti-
tion. The authors also noted that the response
to the first period of isolation may have been
affected by movement to the isolation pen and
by exposure to a novel environment.

Roussel et al. (2004) reported that ewes
repeatedly exposed to the treatment of isolation
for 1 h — in the presence of a dog for half of the
trials — habituated to the treatment. Integrated
cortisol  responses  declined significantly
between trials 1, 5 and 9. Degabriele and Fell
(2001) reported that sheep taken from pasture
and kept in isolation for 12-19 days showed a
marked decline in plasma cortisol concentration
from day 1 to day 3, which subsequently
levelled out.

Clearly, it is hazardous comparing different
experiments because of different protocols, but
several points emerge from these studies of
isolation. Transient isolation associated with
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handling treatments may not be as stressful as
isolation for long periods, and sheep may habit-
uate to long periods of isolation. Habituation
may occur if sheep learn that there is an eventual
escape and are able predict the frequency and
duration of the stressor (Cockram et al., 1994).

The response to isolation may also be modi-
fied by the presence of various stimuli, including
mirrored panels (Parrott et al., 1988b) and the
sight of familiar sheep-face pictures (da Costa
et al., 2004). Boivin et al. (1997) noted that lambs
vocalized and moved less when in the presence of
a shepherd than when isolated. These observa-
tions support the hypothesis of Price and Thos
(1980), who suggested that humans can serve as
an effective substitute for a conspecific and reduce
the distress of sheep in isolation.

Behaviour has been used to assess relative
aversiveness of handling procedures in choice
tests, in aversion learning tests and in approach/
avoidance conflicts in an arena test. Rushen
and Congdon (1986b) showed that two forced
choices were sufficient for nine out of 12 sheep
to discriminate between partial shearing and
electro-immobilization, although the forcing
stimulus itself may have influenced the outcome
of such tests. Three sheep were indifferent.

Grandin et al. (1986) reported that sheep
preferred restraint on a squeeze-tilt table to elec-
tro-immobilization. Rushen (1986b) has also
compared more conventional treatments using
the forced choice method, and ranked the treat-
ments in decreasing order of preference as:
human presence, physical restraint, isolation,
capture in isolation and inversion in isolation.

The willingness of sheep to move along a
race towards a treatment area has been used to
assess the aversiveness of handling treatments
in aversion learning tests. Hutson and Butler
(1978) found that a single experience of inver-
sion for 30 s in a handling machine was sulffi-
cient to make sheep hesitate about moving
along the race again. Hutson (1985a) reported
that the time spent pushing sheep along a race
and into a sheep-handling machine increased
with successive trials when sheep were restrained
by clamping, and increased at a greater rate
when they were clamped and inverted.

Rushen (1986a) reported that the longer
transit times of sheep to move to a treatment site
indicated that electro-immobilization was more
aversive than physical restraint — with or without

electrodes attached — and that the degree of
aversion decreased with experience of electro-
immobilization. Rushen and Congdon (1986a)
found that simulated shearing together with
electro-immobilization was more aversive than
either immobilization or simulated shearing alone.

Aversiveness to  electro-immobilization
extinguished after five non-treatment trials (J.R.
Stollery, 1990, personal communication). Stafford
et al. (1996) used an aversion test with rams to
show that part shearing was more aversive than
free movement and that electro-ejaculation was
intermediate between the two.

Long-term behavioural responses to shear-
ing have not been assessed, but it is likely that
sheep develop a life-long aversion to the proce-
dure. Sheep developed an aversion to sham
shearing after four trials (Rushen and Congdon,
1986a) and cortisol and B-endorphin responses
to shearing were significantly greater and longer
in previously shorn sheep than in naive sheep
(Mears et al., 1999).

Fell and Sh