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1. TERMS OF REFERENCE 

1.1. Background 

The Scientific Committee on Animal Health and Animal Welfare (SCAHAW) was asked 
by the Commission services to report on the welfare of animals during transport with 
consideration of Directives 91/628/EEC and 95/29/EC and Regulation EC/411/98.  
On 11 March 2002, SCAHAW adopted a scientific opinion on “The welfare of animals 
during transport (details for horses, pigs, sheep and cattle)”.  The Commission sent to 
the European Food Safety Authority (EFSA) an extended mandate for the other species 
not covered in the previous report.  

The mandate was accepted by the Panel of Animal Health and Welfare (AHAW) at the 
first Plenary Meeting, on 21st May 2003. It was decided to establish a Working Group 
of AHAW experts (TWG) chaired by one Panel member. Therefore the Plenary 
entrusted a Scientific report to a working group under the Chairmanship of Professor 
D.M. Broom, which has already considered the welfare of horses, pigs, sheep and 
cattle (see Report of the Scientific Committee on Animal Health and Animal Welfare 
adopted on 11th March 2002).  The members of the working group are listed at the 
end of this report.  

This Scientific Report (entrusted by the AHAW Panel to the TWG) is considered as 
basis for the discussion to establish the relevant conclusions and recommendations 
by the AHAW Panel. 

1.2. Mandate 

The working group was requested by the Scientific Panel on Animal Health and 
Welfare to draft a scientific report including the most update and available scientific 
data on the welfare of animals during transport with consideration of Directives 
91/628/EEC and 95/29/EC and Regulation EC/411/98 which were not reported in 
the previous SCAHAW report from 11 March 2002. In particular on the effects on the 
welfare of the various species transported of: loading densities, travelling times, 
resting times, watering and feeding intervals and interactions of each of these with 
the use of upgraded or other vehicles and with any stress during loading and 
unloading.  Other specific questions concern: the welfare of animals on roll-on roll-off 
vessels, especially during boarding, and the methods which operators and inspectors 
can use to monitor the welfare of animals during transport.  

Species referred in the present report are: broilers, laying hens, turkeys, ducks, geese, 
pigeons, quails, ostriches and other ratites, deer, reindeer, rabbits, dogs, cats, rodents, 
primates, fish and exotic animals.  

1.3. Scope of Report 

The report presents general principles concerning how to achieve good welfare in 
animals of various species transported by different means.  It also includes 
information pertaining to particular species and transport methods.  In order to clarify 
the concepts, including the necessity to consider health as an important aspect of 
welfare, and to explain some of the scientific methodology reported, Chapters 2 and 3 
briefly cover welfare assessment and links with disease. Chapters 4 and 5 refer to the 
role of the personnel involved in transport since they can have a great effect on the 
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welfare of the animals.  Chapters 2-5 are modified from the 2002 SCAHAW Report so 
as to refer to the species discussed in this report as well the fundamental science 
issues. 

Information in this report is relevant to all animals which are handled or transported.  
The welfare of the animals can be affected whether they are in small or large numbers 
and whether transport is private or commercial.  All those involved in animal transport 
have a moral obligation to consider the welfare of those animals and of others which 
might be affected by the transport. 

The steps during transport include pre-transport preparation of animals and vehicles, 
planning for emergencies, inspection, loading, providing good vehicle conditions, 
monitoring of animals and conditions, and unloading with subsequent handling.  There 
may be consequences for animal welfare of handling and transport, for example 
increased mortality, morbidity or other disturbance in the transported animals or 
increased disease incidence in other animals.  All of these aspects are considered in 
the report.  Most of the scientific evidence relating to transport of the species covered 
in this report concerns road transport. However, the information is generally relevant to 
rail and sea transport also. 

The great diversity of species which are transported requires that there should be 
different chapters in the report for many of these.  The amount of scientific work about 
the welfare of the animals during transport varies from substantial to about zero.  In 
some cases extrapolation from one species to another is possible but great care and a 
good knowledge of the general biology of the species concerned are needed if this is to 
be done.  As a consequence of the variation in the amount of evidence available, the 
chapters in this report vary in length and in detail.  However, transport has to occur so 
the best possible basis for recommendations and legislation is presented in each 
chapter. 

Animal transport has an impact on several aspects of biosecurity.  Where information 
is available about effects on the transported animals or other animals, or personnel 
involved with transported animals, it is presented in this report.  However, the wider-
ranging issues of biosecurity are the subject of reports from other Committees.  

2. THE ASSESSMENT OF ANIMAL WELFARE DURING TRANSPORT AND ASSOCIATED HANDLING 

2.1. Concepts 

The status of animals has been the object of philosophical concern for a very 
long time (see review by Ouedraogo and Le Neindre, 1999). In particular, there 
is concern in many countries about the effects of transport and associated 
handling on the welfare of animals. Animals are now defined as “sentient 
creatures” in European law and no longer just as agricultural products (Treaty of 
Amsterdam, 1997).  That change reflects ethical public concern about the 
quality of life of the animals.  Farm animals are subject to human imposed 
constraints and for a very long time the choice of techniques has been based 
primarily on the efficiency of production. However it is an increasingly held view 
that we should protect these animals against mistreatment, or better still, to 
allow them the maximum of good welfare. 
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In order to safeguard welfare and avoid suffering, a wide range of needs must 
be fulfilled. These needs may require the animal to obtain resources, receive 
stimuli or express particular behaviours (Vestergaard 1996, Jensen and Toates 
1993).  To be useful in a scientific context, the concept of welfare has to be 
defined in such a way that it can be scientifically assessed.  This also facilitates 
its use in legislation and in discussions amongst farmers and consumers. 

Welfare is clearly a characteristic of an individual animal and is concerned with 
the effects of all aspects of its genotype and environment on the individual 
(Duncan 1981).  Broom (1986) defines it as follows: the welfare of an animal is 
its state as regards its attempts to cope with its environment. Welfare therefore 
includes the extent of failure to cope, which may lead to disease and injury, but 
also ease of coping or difficulty of coping.  An important part of this state is that 
which involves attempts to cope with pathology, i.e. the health of the animal, so 
health is part of welfare. Furthermore, welfare includes pleasurable mental 
states and unpleasant states such as fear and frustration.  Feelings are a part of 
many mechanisms for attempting to cope with good and bad aspects of life and 
most feelings must have evolved because of their beneficial effects (Broom 
1998). Good welfare can occur provided the individual is able to adapt to or 
cope with the constraints to which it is exposed. Hence, welfare varies from very 
poor to very good and can be scientifically assessed.  The word stress is used by 
some authors when there is failure to cope (Fraser and Broom 1990), but others 
use it for any situation in which an organism is forced to respond to 
environmental challenge (Selye 1980, Zulkifli and Siegel 1995). 

The various mechanisms which exist within most animals for trying to cope with 
their environment and the different consequences of failure to cope mean that 
there are many possible measures of welfare. However, any one measure can 
show that welfare is poor. Measures which are relevant to animal welfare during 
handling and transport are described by Broom and Johnson (1993) and by 
Broom (2000). 

Whilst the concepts mentioned above are relevant to all animals, some 
measurements used in welfare assessment, and some transport procedures, 
are specific to the type of animal in question. Therefore some aspects 
mentioned later in this chapter will not necessarily apply to all the species dealt 
with in this report. Whilst it is important to make it possible for poultry to lie 
down during transport, deer usually stand and obviously farmed fish do not lie 
down. 

2.2. Behaviour measures 

The most obvious indicators that an animal is having difficulty coping with 
handling or transport are changes in behaviour which show that some aspect of 
the situation is aversive. The animal may stop moving forward, freeze, back off, 
rapidly move away, vocalise or show other behaviours including lying down. The 
occurrence of each of these can be quantified in comparisons 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 disturbing situations may be found 
in Grandin (1980, 1982, 1989).  
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The extent of behavioural responses to painful or otherwise unpleasant 
situations varies from one species to another according to the selection 
pressures which have operated during the evolution of the mechanisms 
controlling behaviour. Human approach and contact may elicit anti-predator 
behaviour in farm animals, according to the animals’ experience of interactions 
with humans (Hemsworth and Coleman 1998). Social species which 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 would give information to 
the predator that the animal attacked is severely injured and hence unlikely to 
be able to escape. Cattle can also be relatively undemonstrative when hurt or 
severely disturbed. The action of natural selection has resulted in pigs which 
squeal when injured and sheep which may show no behavioural response to a 
similar degree of injury (Broom and Johnson 1993). Human observers 
sometimes wrongly assume that an animal which is not vocalising is not injured 
or disturbed 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.  The fact that fish do not vocalise 
out of water, and most humans are not familiar with any sounds or other 
behaviours of fish in water, may have contributed to the erroneous view that 
fish have little awareness or cognitive ability. During the loading and unloading 
of animals into and out of transport vehicles, Broom et al., (1996a) and Parrott 
et al., (1998a) showed that sheep exhibit largely physiological responses rather 
than behavioural and these are associated with the novel situation encountered 
in the vehicle rather than the loading procedure. Pigs, on the other hand, are 
much affected by being driven up a ramp into a vehicle, the effect being 
greatest if the ramp is steep Broom et al., (1996b). 

Individual animals may vary in their responses to potential stressors. The coping 
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 aggressive in their home pen were also more 
likely to fight during pre-transport or pre-slaughter handling but pigs which were 
driven for some distance prior to transport were less likely to fight and, as a 
consequence, cause skin damage during and after transport. This fact can be 
used to design a test which reveals whether or not the animals are likely to be 
severely affected by the transport situation (Lambooij et al., 1995). 

When hens are to be removed from a cage they move away from an 
approaching human. Broiler chickens or turkeys, which are much less mobile 
than hens, may not always move away from a person who is trying to catch 
them but, given time, their behaviour indicates that they are disturbed by close 
human approach. After poultry are picked up by humans they may struggle but 
often hang limply and if put down, show a freezing response (Broom 2000). The 
behavioural response to being caught and carried is generally one of passive 
fear behaviour and is frequently not recognised by the people handling them as 
indicating the severe disturbance which is revealed by physiological measures. 
An extreme example of this is the response of salmonid fish to being caught in 
a net and lifted into the air. A fish which is lying quietly will be showing the 
maximum adreno-cortical response possible (Pickering and Pottinger, 1985), 
although the persons handling the fish may be unaware of the very poor welfare 
caused by such handling. Removal from water is soon lethal for most fish, just 
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as immersion in water is lethal for land animals. Consequently, a maximal 
physiological response is not surprising in either of these situations.  

Once journeys start, 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. 
Unfortunately for the animals, many journeys involve so many lateral 
movements or sudden brakings or accelerations that the animals cannot lie 
down. The number of pigs, or other animals, which remain standing during 
transport is a relevant measure of welfare in relation to the roughness of the 
journey. For example, Bradshaw et al., (1996a) found that more pigs remain 
standing during a rough journey, measured in terms of accelerations in three 
possible planes, than during a smooth journey. In journeys with certain vibration 
characteristics, pigs show behavioural evidence of motion sickness in that they 
retch and vomit (Bradshaw et al., 1996b, Randall and Bradshaw 1998). 

An important behavioural measure of welfare when animals are transported is 
the amount of fighting that they show. This fighting is a consequence of social 
mixing rather than the transport itself. When adult male 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 1990) and fighting can be a serious problem in pigs 
(Guise and Penny 1989, Bradshaw et al., 1996c). The recording of such 
behaviour should include the occurrence of threats as well as the contact 
behaviours which might cause injury, for example those described by Jensen 
(1994) for pigs. 

A further, valuable, method of using behaviour studies to assess the welfare of 
farm animals during handling and transport involves using the fact that the 
animals remember aversive situations in experimentally repeated exposures to 
such situations. Any stock-keeper will be familiar with the animal which refuses 
to go into a crush after having received painful treatment in it in the past or 
hesitates about passing a place where a frightening event such as a dog threat 
occurred before. These observations give us information about the welfare of 
the animal in the past as well as at the present time. If the animal tries not to 
return to a place where it had an experience then that experience 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 
(1986a, b) in studies with sheep. 

 

2.3. Physiological and biochemical measures 

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. Whenever physiological 
measurement is to be interpreted it is important to ascertain the basal level for 
that measure, the maximal level and how it fluctuates over time. For example, 
plasma cortisol levels in most species vary during the day and tend to be higher 
during the morning than during the afternoon.  Physiological measures are 
summarised in Table 2.3.1.  

Table 2.3.1. Commonly used physiological indicators of stress during transport 
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  Stressor    Physiological variable 

Measured in blood or other body fluids 

 Food deprivation  ↑ FFA, ↑ ß-OHB, ↓ glucose, ↑ urea 

 Dehydration   ↑ Osmolality, ↑ total protein,  
     ↑albumin, ↑ PCV 

 Physical exertion  ↑ CK, ↑ lactate 

 Fear/arousal   ↑ Cortisol, ↑ PCV 

 Motion sickness  ↑ Vasopressin 

Other measures 

 Fear/arousal and physical ↑ Heart rate, heart rate variability↑, ↑ 
respiration rate 

 Hypothermia/hyperthermia Body temperature, skin temperature 

 

FFA, free fatty acids; ß-OHB, ß-hydroxybutyrate; PCV, packed-cell volume; CK, 
creatine kinase. (Modified after Knowles and Warriss 2000).  

Heart rate can decrease when animals are frightened but in most farm animal 
studies, tachycardia, an increase in heart rate, has been found to be associated 
with disturbing situations. Van Putten and Elshof (1978) found that the heart 
rate of pigs increased by a factor of 1.5 when an electric goad was used on 
them and by 1.65 when they were made to climb a ramp. Steeper ramps 
caused greater increases up to a maximum level (Van Putten, 1982). Heart rate 
increase is not just a consequence of increased activity; it 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. 
Heart rate is a useful measure of welfare but only for short-term stressors such 
as those encountered by animals during handling, loading on to vehicles and 
certain acute effects during the transport itself. However, some adverse 
conditions may lead to elevated heart rate for quite long periods Parrott et al., 
(1998a) showed that heart rate increased from about 100 to about 160 beats 
per minute when sheep were loaded on to a vehicle and the period of elevation 
of heart rate was at least 15 minutes. During transport of sheep, heart rate 
remained elevated for at least nine hours (Parrott et al., 1998b). Heart rate 
variability is also a valuable measure of the welfare of animals, those 
individuals with greater variability being the most disturbed (van Ravenswaaij et 
al. 1993, Minero et al. 2002). 

Direct observation of animals without any attachment of recording instruments 
or sampling of body fluids can provide information about physiological 
processes (Broom 1995). Breathing rate, or gill ventilation rate in the case of 
fish, can be observed directly or from good quality video recordings. The 
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metabolic rate and level of muscular activity are major determinants of 
breathing rate but an animal which is disturbed by events in its environment 
may suddenly start to breathe fast. 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. 

Changes in the adrenal medullary hormones adrenaline and noradrenaline 
occur very rapidly and measurements of these hormones have been little used 
in assessing welfare during transport. However, Parrott et al. (1998a) found that 
both hormones increased more during loading of sheep by means of a ramp 
than by loading with a lift. Adrenal cortex responses occur in most of the 
situations which lead to aversion behaviour or heart rate increase but the 
effects take a few minutes to be evident and they last for 15 min. to 2 h. or a 
little longer. Plasma corticosterone levels in hens at depopulation were three 
times as high after normal, rough handling than after gentle handling (Broom et 
al., 1986, Broom and Knowles 1989) and those of broilers were three and a half 
times the resting level after 2 h of transport and four and a quarter times higher 
after 4 h or transport (Freeman et al., 1984, and review by Knowles and Broom, 
1990a). The cortisol response to handling and transport depends upon the 
species and on the breed of animal studied (Hall et al., 1998a). When sheep 
were loaded on to a vehicle for the first time, all showed elevated plasma and 
saliva cortisol for at least the first hour (Broom et al., 1996a, Parrott et al., 
1998b). Cortisol levels in transported pigs were affected by being on a rough 
rather than a smooth journey (Bradshaw et al., 1996b), being mixed with pigs 
from different origin  and being on a moving vehicle rather than being stationary 
(Bradshaw et al., 1996c). 

Animals that have substantial adrenal cortex responses during handling and 
transport show increased body temperature (Trunkfield et al., 1991, Parrott et 
al., 1999). The increase is usually of the order of 1 C but the actual value at the 
end of a journey will depend upon the extent to which any adaptation of the 
initial response has occurred. 

In humans, vasopressin increases in the blood when the individual reports a 
feeling of nausea associated with motion sickness. Pigs also show motion 
sickness, retching and ejection of gut contents, especially when travelling along 
windy roads. These physical signs of motion sickness occur at the same time as 
increases in the levels of lysine vasopressin in the blood. Bradshaw et al., 
(1996b) showed that increased vomiting and retching in pigs coincided with 
higher levels of lysine vasopressin. 

The measurement of oxytocin has not been of particular value in animal 
transport studies (e.g. Hall et al., 1998b). However, elevated oxytocin 
concentration in blood is associated with pleasurable sensations in several 
different types of circumstances (Carter, 2001). Plasma ß-endorphin levels were 
found to increase during the loading of pigs (Bradshaw et al., 1996b) and 
measurement of beta-endorphin levels in blood is useful to complement ACTH 
or cortisol measurement. 

Creatine kinase is released into the blood when there is muscle damage e.g. 
bruising, and when there is vigorous exercise. It is clear that some kinds of 
damage which affect welfare result in creatine kinase release so it can be used 
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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 overtly bruised or 
cut. Deer which are very frightened by capture show large LDH increases (Jones 
and Price 1992). The isomer of LDH which occurs in striated muscle (LDH5) 
leaks into the blood when animals are very disturbed so the ratio of LDH5 to 
total LDH is of particular interest. 

When land animals are transported they will be deprived of water to some 
extent. The most obvious and straightforward way to assess this is to measure 
the osmolality of the blood (Broom et al., 1996a). When food reserves are used 
up there are various changes evident in the metabolites present in the blood. 
Several of these, for example beta-hydroxybutyrate, can be measured and in 
some species indicate the extent to which the food reserve depletion is serious 
for the animal. Another measure which gives information about the significance 
for the animal of food deprivation is the delay since the last meal. Most farm 
animals are accustomed to feeding at regular times and if feeding is prevented, 
especially when high rates of metabolism occur during journeys, the animals 
will be disturbed. Behavioural responses when allowed to eat or drink (e.g. Hall 
et al., 1997) also give important information about problems of deprivation. 
Lack of oxygen, which is seldom a problem during the transport of land animals, 
is the greatest problem during the transport of fish since disturbed fish rapidly 
remove dissolved oxygen from water within transport containers. This can be 
assessed by measuring the concentration of dissolved oxygen in the water and 
on long journeys the concentration of toxic fish products, such as ammonia, can 
also be measured. 

The haematocrit, the proportion of red blood cells in the blood, is altered when 
animals are transported. If animals encounter a problem, such as those which 
may occur when they are handled or transported, there can be a release of 
blood cells from the spleen and a higher cell count (Parrott et al., 1998b). More 
prolonged problems, however, are likely to result in reduced cell counts (Broom 
et al., 1996a). 

A change which can be mediated by increased adrenal cortex activity and which 
may provide information about the welfare of animals during transport is 
immunosuppression. One or two studies in which animal transport affected T-
cell function are reviewed by Kelley (1985) but such measurements are likely to 
be of more use in the assessment of longer-term welfare problems. 

In the course of a journey, pathological conditions may arise or become 
exacerbated. The extent of such effects can be assessed by clinical examination 
as well as by other measures of welfare. 

2.4. Mortality, Injury and Carcass Characteristics 

The term welfare is relevant only when an animal is alive but death during 
handling and transport is usually preceded by a period of poor welfare. Mortality 
records during journeys are often the only record which give information about 
welfare during the journey and the severity of the problems for the animals are 
often only too clear from such records. The number of pigs which were dead on 
arrival at the slaughterhouse was 0.07% in the UK and The Netherlands in the 
early 1990s although the situation was worse in the past, especially with the 
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Pietrain and Landrace breeds. The level in the Netherlands in 1970 was 0.7%. 
Recent estimates of the numbers of broilers and laying hens dead on arrival at 
UK slaughterhouses are 0.4% and 0.5% respectively but mortality of laying hens 
has been reported to be up to fifty times higher on occasion (Knowles and 
Broom, 1990b). The mortality of fish, wild mammals, birds, reptiles or 
amphibians after transport in very poor conditions may even reach 100%.  

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 attempting to move the animals may cause severe 
injuries.  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 had insufficient exercise in a battery 
cage, (Knowles and Broom 1990a).  

Measurements made after slaughter can provide information about the welfare 
of the animals during handling, transport and lairage. Bruising, lacerations and 
other superficial blemishes can be scored in a precise way and when carcasses 
are down-graded for these reasons, the people in charge of the animals can 
reasonably be criticised for not making sufficient efforts to prevent poor welfare 
(Guise and Penny 1989). The cost, in both senses, of dark firm dry (DFD) and 
pale soft exudative (PSE) meat is even greater than this. DFD meat is 
associated with fighting in cattle and pigs but cattle which are threatened but 
not directly involved in fights also show it (Tarrant, personal communication). 
PSE meat is in part a consequence of possession of certain genes and occurs 
more in some strains of pigs than others but its occurrence is related in most 
cases to other indicators of poor welfare (Tarrant 1989). Poultry meat quality 
can often be adversely affected for similar reasons. 

When animals are subjected to violent handling and they respond by an 
energetic struggle a possible consequence is capture myopathy.  The muscle 
damage which 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., 2002a). 
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3. INFECTIOUS DISEASES AND WELFARE RELATED TO TRANSPORT  

Transport and associated handling can negatively influence the health of 
transported animals and those that come in direct or indirect contact with them. 
As health is an important factor affecting welfare, any increase in disease will 
therefore result in poor welfare of the animal. Injuries causing different forms of 
tissue damage, malfunctions or other transport-related diseases are dealt with 
elsewhere in this report, therefore infectious diseases developing as a result of 
transport are the focus of the following section.   

3.1. Processes involved in the spread of infectious agents  

The occurrence of infections and infectious diseases in transported animals can 
result from pathogens already present in these animals before the transport and 
from pathogens directly or indirectly transmitted between the transported 
animals during or subsequent to the transportation.  In the latter case the 
infections can be spread also to non-transported animals, e.g. animals present on 
a farm receiving the transported animals. This is a situation which typically occurs 
in the poultry industry in multi-age farms. Such spread of infections between 
transported and non-transported animals can also occur prior to transport e.g. 
during the collection process when for example different farms may be visited to 
collect animals for a particular transport consignment. A significant source of 
infections can also be transport vehicles and related equipment, in particular 
vehicles being contaminated by infectious agents. Persons involved in the 
transport procedure are also important vectors of infectious agents.  

With reference to the poultry industry, removal of birds to reduce stocking density 
or to slaughter early results in increased stress in the poultry house and increases 
the risk of infection for the remaining flock, especially when outside workers and 
insufficiently disinfected equipment such as broiler collectors, crates and loading 
vehicles (e.g. broiler harvester) are used.  

 

3.2.  Factors involved in the development of infection and disease following 
exposure 

3.2.1. General 

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 transmitted, route of infection and the immune status of 
the animals exposed (Quinn et al. 2000)    

3.2.2. Transport-related factors - increased susceptibility to infection  

A variety of stressors are associated with transport. In addition, poor welfare 
can adversely affect the ability of the body defence systems, especially the 
immune system, to deal with infection or exposure to infectious agents. The 
links between poor welfare and immuno-suppression are reviewed by 
Broom and Johnson (1993) and Broom and Kirkden (2003).   
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As an example, administration of glucocorticoids which increases adrenal 
cortex activity as well as introduction of new animals to established chicken 
flocks result in increased susceptibility to challenge with Marek’s disease 
virus (Gross and Colmano 1969, 1971). The stressing activity including 
fighting caused by mixing different groups of pigs can also depress anti-viral 
immunity in these animals (de Groot et al. 2001).  

The combined action of different stressors often has a multiplying rather 
than additive effect. While the transport process in itself already represents 
a combination of stressors, further management actions prior to transport 
can be additionally detrimental.  As an example, weaning of young animals 
just before transport removes access to immunoglobulins in milk which is 
important in providing the mucosal immune protection to common enteric 
pathogens. Disease conditions are then more likely to develop in these 
animals since they often have a declining maternal immunity.  

It is therefore to be expected that transport-related stress situations 
increase the susceptibility to infection through lowering the infection 
threshold, or the amount of pathogen needed to initiate an infection in an 
animal.  

Many reports describing the relationship between transport and incidence of 
specific diseases have been published.  Typically, ‘shipping fever’ is a term 
commonly used for a specific transport-related disease condition in cattle. It 
develops between a few hours and 1-2 days after 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 such as 
rotaviruses, Escherichia coli and Salmonella spp associated with 
gastrointestinal diseases (Quinn et al, 2000).  

Transport in general has also been shown to result in increased mortality in 
calves and sheep (Radostits et al., 2000, Brogden et al., 1998), 
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). 
The presence of viral infections increases the susceptibility to secondary 
bacterial infections (Brogden et al., 1998). 

3.2.3. Increased shedding of infectious organisms during transport  

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 
well described for salmonella in various animal species (Wierup 1994). 

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

3.3.  Effects of transport on transmission and disease 

As can be seen from the above the transportation of animals can be an 
efficient mode of spreading infectious animal diseases and, in the case of 
zoonotic agents such as Salmonella subsequent spread can also involve 
humans. Except where animals are to be slaughtered very soon after 
transport, such infections can be of considerable importance through their 
effect on the welfare of the animals and the economic impact on animal 
production. If infections included in the OIE List A occur in transported 
animals, the economic and welfare consequences can be disastrous. This is 
well documented for most epizootics and also during recent years e.g. when 
in 2001 FMD was transmitted within and outside the United Kingdom. 
Schlüter and Kramer (2001) summarise the outbreaks in the E.U. of foot 
and mouth disease and classical swine fever in farm livestock. In relation to 
classical swine fever, they found that, once the disease was in the farm 
animal population, at least 9% of further spread was caused by animal 
transport. In a recent epidemic of Highly Pathogenic Avian Influenza virus in 
Italy it was found that the movement of birds by contaminated vehicles and 
equipment created a significant problem in the control of the epizootic. 

 

3.4. Measures to prevent the spread of infectious diseases through 
transport 

3.4.1. Mammals 

Generally various actions can be undertaken to prevent the spread of 
infections in relation to transport. Of primary importance as a major 
preventive measure against the spread of diseases through transportation 
is good health quality in the herd of origin. Only animals of the same health 
quality should be transported together. It is important that there is a clinical 
examination of the animals before transport, as well as biosecurity 
measures including cleaning and disinfection of transport vehicles and 
related equipment. Unless there is a satisfactory level of welfare of the 
animals to be transported they will be more likely to develop clinical signs 
of disease. 

However, if animals are in the incubation phase of a disease process or 
latently infected, they may well appear healthy even when checked by a 
veterinarian prior to transport, but they may develop the disease during or 
subsequent to the journey. Thus it needs to be recognised that a physical 
examination/inspection is unlikely to detect infected animals without 
symptoms of clinical disease and thereby prevent them from being 
transported. It is therefore important that the inspecting person is well 
informed about the actual disease situation in the respective herds and in 
the region of origin. Additionally specific precautions need to be considered 
in order to prevent the spread of specific diseases. Such precautions can 
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include demands to include the herd or flock of origin in the inspection as 
well as testing and quarantine isolation prior to or post transport.  Most 
transported animals today will rarely be inspected by a veterinarian but 
instead by a properly trained stockman or just by a truck driver with little or 
no knowledge or training in inspection of animals for transport. Thus, the 
disease-preventing effects of inspection also vary with the training and 
knowledge of the inspectors as well as with the quality of their inspection. 

The control of infectious diseases of significant economic or zoonotic 
importance such as those included in OIE List A and some other diseases is 
subject to specific regulations (e.g. Council Directive 64/432 EEC; CE, 
1964). In the EU, the objective is to ensure that animals infected with 
agents causing these diseases are not introduced into the community and 
not transported within the EU. In the case of suspicion of an outbreak of 
such a disease, legally based and specified actions and precautions are 
instantly undertaken to prevent the spread of the infection e.g. by 
transportation of animals. 

3.4.2. Poultry 

The general principles presented (comment: to my mind we here do not 
present guidelines, merely general statements) above for mammals (above) 
are valid also for poultry. The main difference which exists in the poultry 
industry is that the primary vehicle of infectious agents inside a farm or to 
the birds being transported is contaminated equipment associated with 
transport. Therefore, in addition to the specific disinfection guidelines for 
vehicles mentioned above, similar guidelines should be foreseen for loading 
equipment used in the poultry industry. 

 

3.4.3.  Fish and other aquaculture species 

The basic principles for the prevention of infectious diseases by 
transportation of fish are similar to those for mammals. Stress is an 
important factor and e.g. various treatments which increase adrenal cortex 
activity in trout suppress immune function and increase disease incidence 
(Pickering and Pottinger, 1985).                                 

The OIE Fish Disease Commission (FDC) has laid down two lists of 
significant diseases. One is a list of 13 'diseases notifiable to the OIE' and 
the second a list of 18 'other significant diseases of aquatic animals'.  These 
diseases, all serious and responsible for heavy losses in their target species 
are classified on the basis of their socioeconomic importance, geographical 
range and aetiology (Hastein 2003). 

In most cases these diseases may spread from an initial focus by 
movement of carcases, wild animals and birds or fomites, but the most 
serious route is generally through the transport of live fish. For this reason, 
there are within Europe designated disease free zones into which fish from 
other, non-certified areas of Europe cannot be transferred. In the case of 
aquaculture species this system is rigorously enforced by national and EU 
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legislation, though in the case of many aquarium species, controls are not 
so strictly enforced, despite the risks being similar.  

There are also a number of diseases which have serious welfare and 
economic impact which are endemic but only manifest themselves clinically 
when fish are stressed for some other reason, and transportation is one of 
the principal stressors in terms of such clinical manifestation. Many of these 
diseases are associated with surface microbial contaminants, which are 
enabled to become invasive pathogens due to handling or transport 
damage creating excessive mucoid responses or a portal of entry. Thus 
clinical examination of fish before transportation and a biocidal bath is 
frequently of great value in reducing transport losses.  

Thus, there are strong reasons for ensuring that biosecurity measures are in 
place in relation to all stocks prior to and post transportation and it is also 
important to ensure that water from closed transport systems is not 
disposed of without disinfection post transport. Most closed transport 
systems currently eject the transport water with the fish at the point of 
discharge. Disinfection of the transport tank usually follows, but there is not 
usually any means of disinfecting the transport water. In quarantine 
systems such as that of the Ausvet (http://www.aahc.com.au/ausvetplan/)  
plan programme in Australia, water accompanying, for example, imported 
aquarium fish, is disinfected at the quarantine station. 

Another major cause of disease losses in relation to transport by open 
system such as well boat or towed cage is the exposure of the fish to toxic 
algal blooms or swarms of toxic jellyfish within the water they are travelling 
through. These may be difficult to identify but skippers of transport vessels 
should keep close watch of both the sea and the stocks, to avoid such risks 
wherever possible.   

Whatever the means of transport being used, the vessel, truck and/or 
transport tanks must be disinfected between each transport in order to 
avoid the transfer of pathogens between consignments transported in the 
same containers.  

With the advent of very large well boats used for slaughter transportation as 
well as smolt movements there is a much greater risks of transfer of 
infection and of major welfare problems in the event of any breakdown, 
storm damage or toxic bloom event. Thus there is a need for greater 
controls over movements of such vessels and very strict guidelines with 
regard to disinfection, locations where such disinfection can be performed 
and where potentially contaminated water can be discarded.  
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4. INSPECTION 

4.1. Inspection before and during transport 

Animals may be inspected before, during and after transport.  Animals which 
are to be transported could be unfit to travel because they are injured or 
diseased or could be fit to travel only in conditions which are better than those 
which are the minimal ones permitted by law.  Decisions about fitness to travel 
are discussed below and in the Federation of Veterinarians of Europe Position 
Paper “Transport of Live Animals” 2001. When animals transported for 
slaughter arrive at a slaughterhouse a pre-mortem inspection is required.  
Decisions about disease conditions at either of these times require veterinary 
expertise. 

Road vehicles carrying livestock may also be inspected by border crossing 
inspectors, the police, or animal protection inspectors in order to check vehicle 
design, conditions of animals, or other compliance with legislation.  However, 
most inspections of transported animals are those carried out by the person 
responsible for the animals at the place of origin or during the journey. 

Except where the journey is very short and the animals are in containers which 
are such that inspection is not possible, the person responsible for animals at 
the point of origin and the driver of the vehicle or other person responsible for 
the animals during the journey should have the ability to evaluate animal 
welfare, at least to distinguish an animal which is dead, injured or obviously 
diseased or distressed.  Some of the methods of assessing animal welfare 
described in Chapter 2 can be used, together with the range of observations 
mentioned in the Recommendations of the Committees of the Council of 
Europe Conventions on the Protection of Animals Kept for Farming Purposes 
and on Animals during Transport. A person driving a vehicle containing livestock 
will need to check the animals in the vehicle at regular intervals during a long 
journey and after any situation which might cause problems for the animals, 
such as a period of excessive vehicle movement, a period when overheating 
might have occurred, or a road accident.  The intervals between regular checks 
correspond to the intervals between rest periods which are prescribed by law for 
drivers. 

The checking of animals involves visual inspection and awareness of auditory 
and olfactory cues that the animals have problems.  It is necessary that each 
individual can be seen so the design of vehicles, distribution of animals in the 
vehicle and stocking density must allow for this. When fish are transported, 
oxygen concentration and other aspects of water conditions need to be 
monitored. If animals cannot be inspected, for example poultry which are put 
into stacked crates or sliding drawer units, on long journeys there are significant 
risks of poor welfare. 

The veterinarian is the person ultimately best qualified to declare an animal fit 
or unfit for travel. The Federation of Veterinarian of Europe’s Position Paper on 
the Transport of Live Animals (FVE, 2001) provides useful information on those 
conditions that render an animal unfit for travel. Basically, pregnant animals in 
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the last 10% of the gestation period, animals that have given birth during the 
preceding 48 hours and newborn animals in which the navel has not completely 
healed are considered unfit for travel in all cases. Mammals or birds that are 
unable to walk unaided onto the container or vehicle because of serious disease 
or injury are considered to be unfit for travel in nearly all cases. A list of 
conditions that render an animal unfit for travel, which provides useful 
information, is presented in Table 2 (FVE 2001). Apart from the conditions listed 
by the Federation of Veterinarians of Europe, there are cases in which an animal 
can not be considered unfit for travel but yet deserves special consideration 
during transport, particularly during loading and unloading. Laying hens at the 
end of the laying period are an obvious example of this because they are prone 
to bone disorders so the risk of bone breakage is high during handling and to a 
lesser extent during transport. 



 

  

Table 4.1.1 Animals Unfit to Travel (modified after FVE 2001). 

1. Pregnant mammals in the last 10% of the gestation period 

2. Animals that have given birth during the preceding 48 hours 

3. Newborn animals in which the navel has not completely healed, e.g. 
not dried/fallen off. Unfit for normal transport but exceptional 
provisions could be made: 

Mammals or birds that are, because of serious disease or injury, unable to walk 
unaided on to the container or vehicle (without e.g. the usage of electric goads 
or dragging) or which can be expected not to be capable of locomotion after 
transport unaided, such as: 

4. Animals which are unable to rise to a standing position but will eat and 
drink 

5. Animals, that experience severe pain when moving e.g. animals with 
broken extremities or a broken pelvis 

6. Animals with large, deep wounds 

7. Animals with severe haemorrhages 

8. Animals with severe system disorders 

9. Animals that are only able to stand after being forced (e.g. very 
weak, fatigued or emaciated animals) or fish which are unable to 
maintain their normal position in the water 

10. Animals, that are lame to such a degree that they can put little or no 
weight on one of their legs 

11. Animals with a uterine prolapse 

12. Animals, that have just been undergone an on-farm operation such 
as de-horning or beak-trimming. 

13. Animals, with visible cardiovascular or respiratory disorders, e.g. 
with forced inhalation, respiratory distress or gasping for air. 

14. Animals with severe inflammation, e.g. due to mastitis or 
pneumonia 

15. Animals, that lack coordination (e.g. animals that have difficulties 
keeping their balance, animals that have been given sedative drugs) 

16. Animals, that have an obviously disturbed reaction to their 
environment (e.g. extreme agitation, disorder of nervous system, 
intoxication) 

17. Animals with a substantial rectal prolapse 

18. Animals with significant damage to living tissue 
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19. Blind animals 

Inspection facilities are needed for the person on the vehicle who is responsible 
for the animals.  It is often possible to check each individual large animal 
transported inside the vehicle without danger to the person inspecting or undue 
disturbance to the animals.  However, other animals, such as groups of deer, 
cannot be inspected from inside the vehicle without danger to the person 
inspecting. In this case, external inspection facilities which allow each individual 
to be seen are necessary. Inspection of moderately-sized animals will normally 
be adequately done from outside provided that every individual can be seen.  If 
inspection from inside the vehicle is required, the height of the deck must be 
sufficient for effective inspection. 

If sick, injured or dead animals are found, the person responsible needs clear 
knowledge of, or instructions about, what to do.  It is important that records are 
kept and made available to the competent authority, for example to veterinary 
inspectors, of all sick, injured or dead animals, including any disposed of during 
a journey.  Where the animals are transported to slaughter, the abattoir as well 
as the owner of the animals will need a copy of the record.  If an animal is found 
to be sick or injured on a journey, humane killing on the vehicle will sometimes 
be required.  Hence, the responsible person on the vehicle will need to carry, 
and be trained in the use of, equipment for humane killing of the species 
carried.  Where the injury or sickness is such that the animal cannot complete 
the journey, for example if it cannot stand unaided, the animal should be killed 
or unloaded as soon as possible at an appropriate place. 

When animals die or are killed, the journey can continue for a time and to a 
place which is appropriate for the disposal of the carcass.  In many cases of 
injury, sickness or death, it is important to inform the competent authority of 
the region. This is especially important if any important infectious disease is 
suspected. Journey plans include the addresses, e-mail addresses and 
telephone numbers of the competent authorities in each of the regions passed 
through during the journey. 

5. TRAINING AND PAYMENT OF PERSONNEL 

5.1. Training of personnel and payment to promote good welfare 

One of the most important variables affecting the welfare of animals during 
transport is the behaviour of people who load and unload animals, or drive the 
vehicle (Lambooij et al. 1999).  Those who are moving the animals may cause 
much fear or pain deliberately or accidentally. Those who drive vehicles may 
also contribute directly to poor welfare in the animals by driving too fast around 
corners, or by violent braking or acceleration.  They may also subject animals to 
extremes of temperature by leaving vehicles stationary in direct sunlight during 
hot weather or by exposing animals to wind and low temperatures during cold 
weather. These problems can be addressed by education, good management 
and a method of payment which promotes good welfare rather than speedy 
completion of the journey. 

Education of those responsible for animals during transport is essential if poor 
welfare during transport is to be minimised.  There are many who drive road 
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vehicles who do not know enough about animals to be able to care for a load of 
animals during a journey. As a consequence, training courses are needed by all 
who do such jobs.  In some Member States such courses for livestock vehicle 
drivers are already provided. A legal requirement for a certificate issued after 
completion of an approved course is a valuable way of ensuring that persons 
with responsibility for large numbers of animals know how to prevent poor 
welfare in those animals. The driving standard for vehicles containing animals 
should be much better than those for human passengers who are supported in 
seats or standing with effective means of holding on and maintaining their 
balance.  Most animal transport vehicle drivers are unaware of this so any 
requirement for training should also apply to those who already have 
experience in driving such vehicles. If the certification of drivers and others 
responsible for animals during transport can be withdrawn from those whose 
conduct warrants it, the improvement in the welfare of transported animals is 
likely to be greater. 

A range of studies have shown that the method of payment of those who are 
responsible for animals during transport can have a considerable effect on 
animal welfare (Broom 2000). Guise (1991) found that if drivers received a 
bonus for reducing fuel consumption during animal transport, they drove more 
slowly, accelerated less and hence the animals were thrown about in the 
vehicles less, their welfare was better and the meat quality after slaughter was 
better.  Similarly, Grandin (2000) reported that when drivers received a bonus if 
the meat quality after transport was above a certain standard, there was a 
dramatic improvement in animal welfare. Bonus payments or penalty 
deductions can be related to measurable quantities at the end of the journey to 
the slaughterhouse, in particular the number of animals dead on arrival, the 
number of animals found to have bruises or broken bones, and the number of 
animals with dark firm dry (DFD) or pale soft exudative (PSE) meat.  In each 
case acceptable threshold levels need to be defined. 

Where those who transport animals can insure against losses due to mortality, 
bruising, bone breakage, DFD meat or PSE meat, the incentive for drivers and 
others to treat animals well can be lost and welfare can be very poor.  Normal 
insurance against road accidents poses no problem on animal welfare grounds. 
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6. TRANSPORT OF BROILERS AND HENS  

6.1. Introduction 

There is a relatively large literature on the transport of poultry.  This reflects 
both the size and importance of the poultry industry and the potential for 
adversely affecting both welfare and product quality.  More has been published 
on the transport of broilers for slaughter than on the transport of laying hens. 
Relatively little information is available concerning detailed investigations of the 
transportation of day-old chicks and the most poorly studied category of bird in 
relation to transport appears to be the broiler breeder (or indeed all other 
breeding stock). 

The available information on the handling and transport of broilers in relation to 
welfare has been reviewed by Nicol and Scott (1990), Knowles and Broom 
(1990a), Warriss and Knowles (1993) and Weeks and Nicol (2000).  The welfare 
during transportation of one day old chicks has been reviewed by Mitchell 
(2002). The influence of ante-mortem handling on poultry meat quality was 
reviewed by Warriss et al. (1999b) and the consequences of pathophysiological 
conditions on quality discussed by Mitchell (1999).  Information relating to 
laying hens was reviewed by Knowles and Broom (1990b) and Weeks and Nicol 
(2000). The effects of transportation on mortality in broilers were described by 
Bayliss and Hinton (1990). 

The transportation of poultry constitutes the largest commercial translocation of 
a single class of livestock in the world.  Despite regional economic pressures 
world-wide, poultry production continues to expand. The global statistics for 
poultry production indicate the magnitude and logistical complexity of the 
associated transport procedures.  In the year 2000 the number of broiler chick 
placing worldwide was approximately 40 billion (FAOSTAT 2002) and in the 
European Union (EU-14) was around 4.3 billion.  The corresponding figure for 
layer chicks was 290 million (EU-15) and for turkey poults 245 million (EU-14). 
The placement of broiler breeder chicks in the EU during the same period was 
approximately 30 million (Poultry Bulletin 2002).  

All these birds are transferred from hatcheries to their sites of production or 
rearing within 1–3 days of their hatching and subsequently may be transported 
again for relocation or to slaughter and processing plants.  It may thus be 
estimated that poultry experience in excess of 80 billion bird-journeys per 
annum. The majority of these journeys, particularly in the case of slaughter 
weight broilers, are by road and as well as considerations for animal welfare 
this "livehaul" and its associated problems are major determinants of the 
efficiency and profitability of large-scale commercial broiler production (Nilipour 
1996).  In addition the welfare of poultry during journeys is receiving 
considerable attention (e.g. Metheringham and Hubrecht 1996) resulting in 
pressure to improve conditions to safeguard animal welfare. The recent 
widespread outbreaks of Avian Influenza in Europe illustrate the potential 
importance of transport in the spread of disease between bird populations. 
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6.2. Chick transport 

All production and breeder birds must originally be placed on rearing farms 
following transportation from centralised hatcheries.  The number of chicks 
transported at this stage must equal the final production figures plus those lost 
(mortalities and culls) during transport, rearing or production.  The birds are 
transferred from hatcheries within 1-3 days of their hatching. Chicks are 
transported mainly by road or in the case of breeder birds by air and road to 
these destinations. Chicks may be moved over relatively short distances in 
small numbers (e.g. pedigree birds, great grandparent lines) in high 
specification containers and vehicles or over much greater distances in less 
sophisticated systems. They are normally carried in specially designed 
disposable cardboard boxes. Thus day old broilers may be delivered from 
hatcheries to rearing farms over distances of 150 km or greater on vehicles 
which are several years old and which may not have the advanced ventilation 
and internal air mixing systems found on pedigree bird vehicles.  This may lead 
to heterogeneity of the on-board thermal environment and consequent heat or 
cold stress.  The detrimental effects of such conditions will be proportional to 
journey duration. This first journey may be regarded as a major threat to the 
welfare and later production efficiency of all birds. It is widely recognized that 
the husbandry of the birds during this period, and the conditions under which 
they are maintained immediately prior to and after placement, are vital in 
determining subsequent performance and health status (e.g. Decuypere et al. 
2001; Langhout 2001). Transport is regarded as a major source of stress and 
reduced welfare in all species at all ages including poultry and a major cause of 
these problems is the thermal micro-environment in transit (Mitchell and 
Kettlewell 1998; Cockram and Mitchell 1999; Mitchell et al. 2001a; Hunter et 
al. 2001; Kettlewell and Mitchell 2001a; Mitchell 2002, Nilipour 2002).  Many 
other factors may also contribute to transport stress such as handling, feed and 
water withdrawal, vibration, space restrictions upon behaviour, noise and 
pollutants (Weeks and Nicol 2000; Mitchell et al. 2001b).  A small number of 
studies have addressed some aspects of the transportation environments of 
day old chicks but with a primary focus of minimizing in transit losses and 
maximizing subsequent performance. Transport conditions for one day old 
chicks have been reported as influencing subsequent incidence of ascites and 
"sudden death syndrome" (Maxwell and Robertson 1998). 

6.2.1. The effects of transportation on chicks: 

Thermal environment 

Thermal stress may be the major source of poor welfare during the 
transportation of day old chicks. Whilst commercial breeders and 
producers have long recognized the necessity to maintain an 
appropriate thermal environment for chicks in transit (Tamlyn and 
Starr 1987; Laughlin 1989; Van der Hel and Henken 1990; Qureshi 
1991; van der Hel et al. 1991) the conditions employed have been 
largely defined by empirical means and have been based upon 
minimization of mortality rates during and following transport and 
efficient productivity during the subsequent rapid growth phase.  In 
current practice the recommended temperature for chick transport is 
24-26ºC (Ross Breeders 1996; Meijerhof 1997; Weeks and Nicol 
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2000), although only the Ross Breeders paper (1996) includes a 
recommendation for controlled humidity (75% at 24ºC). 

Therefore, to simultaneously optimise survival, productivity and welfare 
of the newly hatched chick in transit an effective strategy would be to 
match the thermal characteristics of the microenvironment to the 
biological requirements of the birds.  Some previous studies have 
attempted to define thermoneutral or optimal environments for 
neonatal chicks on the basis of metabolic heat production and body 
temperature responses (Misson 1976; Henken et al. 1989; Gates et al. 
1989; van der Hel et al. 1991).  Generally these studies did not 
measure other indicators of homeostatic effort which might better 
define the physiological impact of the thermal micro-environment. 
More recently Xin and Harmon (1996) examined the effects of a range 
of temperatures and humidities (20-35ºC and 40-97%) upon day old 
chicks by measuring metabolic rate and mortality.  They concluded 
that optimum or thermoneutral conditions occurred between 30-32ºC.  
Xin (1997) has also reported that chicks held at a constant 29ºC do not 
exhibit a different mortality or body weight loss compared with birds 
exposed to as much as a 16ºC cycling temperature around the same 
mean temperature.  

Mitchell et al. (1996a) have employed physiological stress modelling, 
measurement of metabolic rate and the concept of Apparent 
Equivalent Temperature or AET (Mitchell and Kettlewell 1998; Mitchell 
et al. 2001a, b) to determine optimum transport thermal environments 
for one day old chicks. Apparent Equivalent Temperature takes 
account of the humidity of the air and is therefore a better index that 
temperature alone of the physiological stress to which the bird is 
subjected. All measurements were performed on chicks in commercial 
transport containers in calorimeter chambers housed in controlled 
climate rooms. Temperatures of 20-35ºC accompanied by relative 
humidities (RH) of 50-65% and durations of exposure from 3-12 hours 
were employed. Metabolic heat productions ranged from 7.8±0.3 to 
8.7±0.9 Wkg-1 in close agreement with previously published values 
(van der Hel et al. 1991; Tanaka and Xin 1997a).  On the basis of 
minimal change in body temperature and minimal alterations in basal 
metabolic rate, hydration state, electrolyte balance, body weight loss 
and plasma metabolite concentrations an optimal temperature-
humidity range of 24.5-25.0ºC and 63-70% RH for the transport of 
chicks at commercial stocking density was identified.  It was 
emphasized that these physiologically ideal conditions are very similar 
to those currently employed by commercial breeders and producers. 
The studies also provided evidence that if the thermal micro-
environment is appropriately controlled then journey durations of at 
least 12 hours are wholly acceptable.  It is concluded that both 
productivity and welfare of day old chicks in transit can be maintained 
by careful regulation of the temperature and water vapour density to 
these prescribed limits inside the transport containers. 

Between hatching and transport chicks are not offered feed or water 
but must rely on any nutrients remaining in the yolk sac. Modern 
genotypes have much higher metabolic rates than older breeds and 
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the yolk sac stores are used up correspondingly more quickly.  Modern 
chicks are therefore less well able to withstand long periods of 
inanition than chicks of 20 years ago. This is discussed further in 
Section 6.2.3. 

Mortality and Physical damage: 

There appear to be no accurate scientifically based surveys yielding 
estimates of mortality during road transportation of day-old chicks.  
Commercial practice often involves calculation of three day and seven 
or eight day mortality reasoning that these values (total losses from 
birds transported) integrate the overall effects of the transport process 
and placement. On this basis mortalities of 1.0-1.7% have been 
reported (Tanaka and Xin 1997a).  There are no studies correlating 
such losses with road transport conditions and events.  Similarly there 
are no reliable reports of the incidence and causes of injury during the 
transportation of chicks. 

6.2.2. Effects of food and water deprivation in chicks 

In many transported animals the physiological challenges presented by 
the thermal conditions are compounded by extended periods without 
access to food or water. It has long been thought that the one-day old 
chick may be partially protected from such stresses by the presence of 
energy and water reserves in the yolk sac.  Older studies proposed that 
yolk stores in the newly hatched chick constitute 18% of total body 
weight and contain approximately 2g of lipid and 2.5 ml of water, 
which in the absence of excessive thermoregulatory demands 
represent energy (75-80 kJ) and water supplies sufficient for 3 days 
without further provision of food and water (MacLeod 1980; Freeman 
1984). The work of Murakami et al. (1992), which was conducted at 
least 12 years ago, shows that domestic fowl chicks grew very fast 
using nutrients taken up from milk, on day one after hatching, grew 
rather more slowly on day two and grew little using yolk sac nutrients 
on day three because the yolk had largely gone by then.  The energy 
content of the carcass of unfed birds dropped rapidly after day two and 
the lipid content dropped immediately after hatching but dropped 
faster after day two.  The maximum relative growth rate of normal 
chicks was at 3-5 days of age.  Noy et al. (1996), working seven years 
ago, described how: firstly the yolk sac drops in weight by a factor of 
ten to a very low level by 48 hours after hatching, secondly the uptake 
of oleic acid into the intestine is fast for the first ten hours of life and 
almost zero by 50 hours, and thirdly that the yolk stalk is initially open 
but is almost entirely closed by 48 hours after hatching.  The trend 
towards faster development in broiler chickens has continued since 
this research was carried out so energy availability from yolk is likely to 
cease before 48 hours at a time when rapid nutrient utilisation is 
occurring.  

Some more recent studies have suggested that in modern day old 
chicks high metabolic rate and rapid utilization of resources in the first 
24 hours post-hatch coupled to delays in transit and placement result 
in poorer performance and health throughout flock life (Tanaka and 



 30 
 
 

Xin 1997a; Xin and Lee 1997; Hackl and Kaleta 1997; Vieira and 
Moran 1999; Bigot et al. 2001).  Major causes of in-transit and post-
transport mortality and morbidity are dehydration and undernutrition 
(Xin and Lee 1997). A suggested strategy to reduce metabolic 
depletion during extended transport is the exploitation of the reduction 
in metabolic rate in crated chicks in the dark (Tanaka and Xin 1997a).  
The quantity and rate of use of metabolic reserves by basal 
metabolism, however, is clearly not the only factor that will influence 
chick survival during transportation.  

The prevailing microenvironment may impose thermoregulatory and 
metabolic demands upon the chicks which will require the rapid 
mobilization and utilization of lipid or the evaporation of water.  
Neonatal chicks do not possess fully developed effective 
homeothermic mechanisms (Lamoreux and Hutt 1939; Freeman 
1964; Dunnington and Siegel 1984) and consequently are vulnerable 
to the detrimental effects of thermal loads and fatigue and 
dehydration.  In the immediate post-hatch chick both body 
temperature and metabolic rate increase (Freeman 1964), however 
body temperature remains labile during exposure to sub-optimal 
thermal environments (van der Hel et al. 1991). Thus, if the 
transportation environments are unduly hot or cold then immaturity of 
thermoregulatory homeostasis, including inadequacy of lipid 
mobilization or efficient evaporative heat loss during thermal polypnea 
may result in stressful or life threatening hypothermia or hyperthermia.  
In addition the accelerated rates of utilization of energy and water 
reserves may result in premature depletion.  Freeman (1984) has 
estimated that reserves were completely exhausted in as little as 8-10 
hours at a temperature of 40C. 

6.2.3. Preparation for transport, loading and unloading of chicks 

Newly hatched broiler chicks were kept for up to 48 hours without food 
and water and compared with a control group given access to food and 
water within 6 hours of hatching (Warriss et al, 1992b).  Deprived 
chicks progressively lost body water and developed increases in 
plasma total protein consistent with a decrease in plasma volume. 
They lost weight at an average of 0.14% per hour and weighed 16.5g 
less than the fed chicks after 48 hours.  A major concern for one day 
old chicks is extended post-hatch holding periods prior to 
transportation as these could lead to depletion on energy stores and to 
dehydration and have been shown to result in reduced performance 
and increased morbidity (Xin and Lee 1997).  On road journeys the 
provision of nutrients or water is impracticable so the emphasis must 
be upon the standards of husbandry immediately upon arrival at the 
destination. No studies have addressed the methods of handling 
during loading and unloading of chicks. 
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6.2.4. Floor/space allowance for chicks: 

No studies examining the effects of altered space allowances for day 
old chicks have been reported.  A balance needs to be struck between 
high enough stocking densities so that the chicks’ own heat production 
keeps the immediate environmental temperature high enough to 
prevent hypothermia, and allowing sufficient space that they are not 
cramped and possibly in danger of hyperthermia.  Current 
recommendations of 21-25cm2 of floor space per chick are used in 
practice. 

6.2.5. Vehicle design of chick transporters: 

The ultimate determinants of the localized on-board vehicle (chick 
transporter) micro-environment are the prevailing climatic conditions, 
the addition of heat and water vapour to the load space from all 
sources including the bio-load (chicks) and the ventilation rate and 
distribution.  All these issues have been extensively addressed in 
relation to the transport of broiler chickens at slaughter age (e.g. Hoxey 
et al. 1996; Kettlewell et al. 2000) but the corresponding 
characteristics of chick transporters have received less detailed study.  
Up to date measurements of heat and moisture production of chicks 
are available for calculation of vehicle ventilation requirements 
(Tanaka and Xin 1997a; Mitchell et al. unpublished) but only the work 
of Quinn and Baker (1997) appears to have examined in detail the 
ventilation characteristics of commercial chick transporters.  The 
important findings included the observation that the presence of the 
load of stacked chick boxes had a channelling effect upon the air flow 
through the load space with significant amounts of air by-passing the 
chick boxes and being re-circulated. The implications of this ventilation 
regime for air flow in the chick containers was seen in the temperature 
distributions with peak temperatures occurring in the front central 
boxes and cooler air by-passing the load.  In addition, cooler air entered 
from beneath the vehicle in the fully loaded configuration and reduced 
flow through the load as well as potentially introducing exhaust fumes 
in to the load space.  

6.2.6. Air transport of chicks: 

Increasing numbers of chicks are transported by air over long 
distances and may be subject to delays and periods of holding in less 
than optimal conditions constituting significant welfare concerns. 
Schlenker and Muller (1997) claim high mortalities occur in air transit 
due to long periods of inanition and dehydration and that these 
problems will be significant if the birds are still in transit 48 hours after 
hatching and no food or fluids are provided.  Air journeys are often 
preceded by long holding periods on the ground and holding periods 
and road transportation after arriving at the country of destination. This 
complex journey structure can promote the transportation stresses and 
lead to increased mortalities. In these circumstances mortalities 
appear to be closely correlated with journey durations (Xin and Rieger 
1995 a, b).  Eight journeys were studied involving 13-18 hours flying, 
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27-57 hours of ground operation, and thus 42-72 hours of total journey 
time.   

Also it was clear that the factors leading to the high initial mortalities 
on extended journeys contributed to the longer term losses as SDM 
was related to DOA in a highly significant manner. 

SDM = 3.53 + 4.17DOA (R2 = 0.95) 

Thus longer journeys are associated with higher mortalities in transit 
and elevated losses during the first week of life. It may be suggested 
that physiological stress during transportation may compromise 
subsequent immunocompetence, food intake and growth and be 
associated with the exacerbation of a variety of pathologies in the 
young chick thus resulting in increased losses during the first week 
post-hatch. 

These problems are exacerbated when aircraft hold thermal conditions 
are poorly controlled on long haul flights. In the same studies a wide 
variation in aircraft hold conditions was observed. Chick container 
temperatures fell rapidly by up to 7ºC upon departure and increased by 
up to 10ºC upon touchdown. Stressful elevated temperatures were 
observed during holding on the aircraft prior to take off and again upon 
landing. The authors recommended that total journey time should be 
maintained below 45 hours in order to avoid "excessive mortalities". A 
further issue associated with aircraft hold conditions is the reduced 
barometric pressure and the reduction in water vapour density 
observed in the recycled air. Thus, whilst barometric pressure on the 
ground for the above journeys averaged 100kPa, in flight the value fell 
to 84kPa which will promote water loss (and dehydration) by altering 
the gaseous diffusion coefficient (Birchard 2000; Westerterp et al. 
2000).  This situation would be exacerbated by low ambient humidity 
or water vapour density. Recent unpublished studies (Mitchell and 
Kettlewell 2002) have monitored temperatures and humidities 
throughout the load space of both Boeing 747 and MD 11 freighter 
aircraft carrying animals on long haul flights.  Temperature varied 
widely, and water vapour densities as low as 2gm-3 were observed.  
These conditions would encourage high rates of evaporation from both 
skin and respiratory tract and would result in potential dehydration and 
hypothermia in chicks under certain thermal loads. 

The design of chick containers and their configuration in stacking has 
also been questioned (Tanaka and Xin 1997b).  Inadequate passive 
ventilation flow through the boxes when chicks are held in warehouses 
prior to flights or during other holding periods in aircraft holds before 
take off and after landing quickly resulted in potential heat stress 
conditions even when external temperatures were only moderately 
warm.  It is notoriously difficult to obtain estimates of ventilation rates 
for commercial aircraft transporting animals but the work of Xin and 
Rieger (1995b) demonstrated that air exchange rates through the 
chick containers were 3.67 m3 h-1 kg-1 during flight and 9.03 m3 hr-1 kg-1 
during ground operations. These values are within the recommended 
ventilation rates for air transport of chickens. For all long distance 
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transport of chicks it has been recommended that water and feed 
should be available in transit to reduce mortality and maintain welfare 
and productivity (Xin and Lee 1996; Xin 1997; Tanaka and Xin 1997a).  
Water may be provided in the form of commercial hydration gels, 
which are simply cut in to slices and placed in each container or box.  

 

6.3. Broiler and Hen production systems and transport 

(1) Broilers:  Broilers are reared to a live weight of 2.0 to 2.5kg in about 6 
weeks under intensive conditions.  Extensively-reared birds take longer.  The 
intensively-reared birds are housed in sheds holding up to 60,000 individuals, 
either in mixed or single-sex groups.  The sheds are dimly lit, the birds are held 
at high stocking densities (up to 45 kg/m2) and food and water are offered ad 
lib.  Human contact is minimal.  The birds are transported to processing plants 
where they are slaughtered. Transport is in loose crates or fixed crates 
(drawers), the latter being held in modules. Modular systems are increasingly 
popular. 

(2) Hens:  Hens are reared as pullets, reaching point of lay at about 18 weeks of 
age.  They are transported to the egg producing farms where they are either 
housed in battery cages or in “alternative” systems.  These consist of aviaries, 
percheries or “free range” runs. Alternative systems have become much 
commoner in Europe over the last decade.  This trend will continue because the 
EU has banned the use of conventional battery cages from 2012.  Hens have a 
productive egg laying life of about a year after which they are culled (as “spent” 
hens). 

Spent hens are transported to processing plants where they are slaughtered.  
There are several particular concerns about this. The hens have a low monetary 
value and thus there is little economic incentive to encourage careful handling 
and good welfare. Because they lay eggs, which require large amounts of 
calcium, they tend to suffer from bones that contain less than optimal levels of 
calcium that are correspondingly weak. These are easily broken and high levels 
of recent breaks (29%), caused during depopulation of the housing systems, 
have been recorded in surveys of the problem (Gregory and Wilkins, 1989).  By 
analogy with human experience, broken bones are almost certainly painful. 

6.3.1. Transport times:   

In a survey of records of the transport of 19.3 million broilers killed in 
four processing plants in the UK Warriss et al. (1990) found an average 
time from loading to unloading of 3.6h, with a maximum of 12.8h. A 
recent survey of poultry transport in France, based on responses to a 
questionnaire, found journey times for broilers of up to 3h, with 
averages of 1.2 to 1.3h. Although there seem to be no published data, 
spent hens are thought to travel very long distances to slaughter in the 
UK because of the very small number of plants willing to process them. 
This long transport must be a cause of some considerable concern. 
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6.3.2. The effects of transport on poultry:   

There is evidence that the collecting, transport and handling of broilers 
is stressful (Duncan, 1989), leading to fear, as evidenced by tonic 
immobility measurements (Cashman et al., 1989).  This is also seen in 
culled hens (Mills and Nicol, 1990).  Handling, crating and transport of 
broilers are associated with physiological changes in the birds 
indicative of stress (Kannan and Mench, 1996; Freeman et al., 1984; 
Mitchell et al., 1992).  

In transit the birds may be exposed to a variety of potential stressors 
including the thermal demands of the transport micro-environment, 
acceleration, vibration, motion, impacts, fasting, withdrawal of water, 
social disruption and noise (Nicol and Scott 1990; Mitchell et al. 1992; 
Mitchell and Kettlewell 1993; Mitchell and Kettlewell 1998).  Each of 
these factors and their various combinations may impose stress upon 
the birds in transit but it is well recognized that thermal challenges and 
in particular heat stress constitute the major threat to animal well-
being and productivity (Mitchell and Kettlewell 1998; Mitchell et al. 
2000; Weeks and Nicol 2000; Mitchell et al. 2001; Nilipour 2002).  
Birds may suffer from thermal stress during transport.  (Kettlewell, et 
al. 1993; Webster et al, 1993) and heat stress is thought to be a major 
factor in deaths (Bayliss and Hinton, 1990).  Mortality is also increased 
with increasing journey time (Warriss et al., 1992a).  The imposition of 
thermal loads upon the birds in transit will thus result in moderate to 
severe thermal stress and consequent reduced welfare (Mitchell et al. 
1992; Mitchell and Kettlewell 1998; Mitchell et al. 2001), increased 
mortality due to either heat or cold stress (Hunter et al. 2001) and 
induced pathology including muscle damage and associated changes 
in product quality (Gregory 1998; Mitchell 1999). 

Birds may suffer physical damage, especially during catching, this 
taking the form of broken bones, bruising and haemorrhaging (Nicol 
and Scott, 1990 Knowles and Broom, 1990a; Warriss and Knowles, 
1993; Warriss et al, 1999b; Weeks and Nicol, 2000). 

It is generally not known which of the various potential stressors, 
imposed on birds in transit and during the associated handling 
procedures, is perceived by the birds to be most important.  Recent 
work (MacCaluim et al., 2003) suggests that when broilers are 
presented with both thermal and vibration potential stressors at the 
same time they find only the thermal stress aversive. 

 

 

 

Mortality 

Weeks and Nicol (2000) suggested a conservative figure for overall 
average mortality during the transport of broilers as 0.3%.  Very high 
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mortality rates are occasionally recorded.  Swarbrick (1986) cites a 
case of 26% of culled hens, and Warriss et al. (1992a) recorded a case 
of 15% of broilers, in single loads.  Because of the numbers of birds 
transported these percentages translate into very large absolute 
numbers of birds dead on arrival (DOA) at the processing plant whose 
welfare has been severely compromised.  A major causal factor is heat 
stress, but many birds also die of traumatic injuries (Gregory and 
Austin, 1992).  Reduced mortality will therefore result from closer 
control of environmental conditions during transit and more careful 
bird handling to reduce trauma (Warriss et al, 1999).  It will also result 
from shorter journey times (Warriss, et al., 1992a) Broilers suffering 
from existing conditions such as ascites are probably more prone than 
healthy birds to dying during transport.. 

Even at a rate of 0.2 –0.3% mortality is much higher than would be 
expected in non-transported birds.  Based on published figures for 
mortality during the rearing period, Warriss et al. (1996) estimated 
that journeys of up to 4 hours increased mortality by about ten-fold and 
journeys over 4 hours nearly 19-fold. More recent studies (Hunter et al. 
1997; 2001) have examined the causes and distributions upon the 
vehicle of Dead on Arrivals during commercial broiler transportation 
during different times of the year. A total of 26 journeys were studied 
using both curtains open and closed at the appropriate times of the 
year.  The findings indicated that, as might be predicted, mortalities 
due to existing pathology or catching injury were randomly distributed 
across the bio-load and were unaffected by season, whereas those 
attributable to transport stress had very high incidences in specific 
locations upon the vehicle.  In ‘curtains-open’ configuration overall 
mortality was low (0.12%) and up to 90% of this figure was attributable 
to pathology and physical damage or injury.  On journeys employing 
the ‘curtains-closed’ configuration mortalities as high as 0.93% were 
recorded and 95% of these were a consequence of "transport (chiefly 
thermal) stress".  The vast majority (>75%) of these DOAs came from 
the "thermal core" of the vehicle or close to the air inlets of lorry and 
trailer.  

Transport of broilers leads to an average mortality of about 0.2-0.3% 
(i.e. 11 million out of 4.3 billion in E.U.) and mortality rate increases 
with the length of the journey.  A large-scale study found that transport 
for up to 4 hours increased mortality 10-fold over on farm levels for a 
comparable time and that in journeys longer than 4 hours mortality 
was 0.283 as compared with 0.156 in journey less than 4 hours (see 
Figure 6.3.2.1) 
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Fig 6.3.2.1. Using data from a study of 3.2 million broiler chickens, the 
percentage of birds dead on arrival is plotted against the journey time 
in hours (mean and standard error).  Mortality increased with journey 
time (p<0.001), increasing after 4 hours and increasing more rapidly 
after 6 h (Warriss et al. 1992a). 

Physical damage 

Lack of care during handling can lead to broken bones, dislocated 
bones, bruising, internal haemorrhages and crushing injuries. All these 
conditions are important from the point of view of meat quality, as well 
as welfare, because they downgrade the value of the meat.  In poultry 
it is important to distinguish between breaks and bruises occurring 
during antemortem handling and those occurring at the point of 
slaughter, usually because of the stunning procedure.  For example, 
bruising in turkeys over the keel bone was initially wrongly attributed to 
electrical stunning but was shown to be actually caused by the birds 
hitting the front lip of the transport module during loading (L J Wilkins, 
personal communication).  Damage occurring before stunning has 
welfare implications (the birds are still conscious) while that occurring 
subsequently has not (once effectively stunned the birds are 
insensible). 

Levels of bruising appear to range very widely from 2.6% in the UK 
(Mayes, 1980), through 3.5 – 8.0% in Australia (Griffiths and Nairn, 
1984) to about 20% in the USA (Taylor and Helbacka, 1968). There are 
alleged differences in susceptibility between bird strains, sexes and 
degree of muscling. 

Gregory and Wilkins (1990) found that 3% of live broilers had broken 
bones caused by preslaughter handling and 4.5% had dislocated 
femurs.  However, the level of dislocations can be much higher.  In a 
later study (Gregory and Wilkins, 1992) the level of dislocations was 
27%. 
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Broken bones are a very serious welfare problem in laying hens.  These 
have relatively weak bones because of reduced mineralization 
associated with use of body calcium for egg shells, and a restricted 
opportunity to exercise in the case of birds housed in battery cages.  
Knowles and Broom (1990b) showed that the wing bones of battery 
hens were only about half as strong as those from perchery birds, 
where wing exercise was possible, and the bones were correspondingly 
strengthened. Bones are often broken during catching at depopulation.  
Gregory and Wilkins (1989) found that 29% of battery hens had broken 
bones immediately before slaughter.  Gregory et al. (1990) later 
showed that on average 24% (range 13 to 41% over 8 flocks) of 
battery hens had broken bones after removal from their cages, but 
before transport. 

Birds, whether broilers or culled hens, with unhealed old bone breaks, 
or fresh breaks, could not legally be transported under current EU 
legislation because transportation would inevitably lead to greater 
potential pain and suffering, therefore making the birds unfit for 
transport (see Table 4.1.1.). 

Thermal stress 

Both environmental temperature and humidity (water vapour density) 
are important factors affecting welfare. An important method of losing 
heat in poultry at high temperatures is by evaporative cooling from the 
respiratory tract.  The birds pant to facilitate this.  At high humidity 
evaporative mechanisms become less effective, or ineffective.  
Because of the way the crates or module drawers are stacked on the 
transport vehicle airflow is severely restricted.  A major problem is 
therefore dissipation of waste heat generated by birds in the centre of 
the load.  Conversely, birds on the outside of the load may be exposed 
to the elements.  To protect them from becoming cold and wet, in 
inclement weather, and especially in winter, side curtains are used.  
However, by further restricting airflow, these may compromise the 
welfare of the birds in the centre of the load even more.  Without side 
curtains, ventilation of the load is probably just sufficient when the 
vehicle is moving but becomes problematic when it is stationary.  
However, when stationary, lack of ventilation in vehicles fitted with side 
curtains may lead to hyperthermia in many of the birds.  Long periods 
of panting may also cause dehydration. Low ambient temperatures 
appear generally to be less important as a welfare concern.  However, 
birds can become hypothermic, especially if they are poorly feathered, 
wet or dirty, and are subject to the effects of wind chill (Weeks and 
Nicol, 2000). It is therefore important that poorly-feathered birds, such 
as many spent hens, are not exposed to low temperatures during 
transport.   

The importance of wet plumage in increasing body heat loss, 
particularly during simultaneous exposure to both low temperatures 
and significant air movements (air velocities of 0.5 ms-1 or greater), 
was demonstrated by Mitchell et al. (1997). In this study the effects of 
wetting upon deep body temperature were studied in broilers exposed 
to a range of temperatures between +12° and –4° C.  The responses 
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in dry birds and groups intermittently wetted by a fine water spray were 
compared. In the absence of wetting the largest fall in mean deep 
body temperature (1.21±0.73C) during three hours of exposure was 
observed at the lowest chamber temperature (-4C) although this was 
not significantly different from the decrease (0.96±0.88C) following a 
3 hour exposure to the highest environmental temperature (Te) of 12C.  
Surface wetting, however, had a profound effect upon 
thermoregulatory ability of all birds with an increasing degree of 
hypothermia across the whole range of chamber temperatures 
employed.  At 12C the fall in rectal temperature in wetted birds was 
3.03±1.75C, an additional decrease of 2.1C compared to the 
corresponding “dry” group. 

In wetted birds the relationship between the change in rectal 
temperature (Tr) and Te could be described by y = -0.692x + 10.39 
(p<0.001).  Marked hypothermia was therefore induced at all other 
chamber temperatures and ranged from a reduction of 4.4±3.25C at 
Te=8C to a maximum and life threatening fall of 14.2±5.37C when Te= 
-4C.  A lethal body temperature of 24C has been reported in the fowl 
(Freeman 1971) although mortality may increase if core temperature 
(Tr) falls to 32C.  Wetting of animal coats and penetration by air 
movement are known to substantially reduce insulation effectiveness 
by at least 50% and to increase heat transfer (MacArthur 1987b).  In 
the present study such compromise of feather insulation coupled to 
enhance direct evaporative/convective cooling in the wetted birds may 
clearly impose heat losses upon the bird which cannot be met by other 
physiological and metabolic adjustments. The consequent moderate to 
severe hypothermia may reflect significant reductions in welfare and 
underlie increases in mortality in transit in cold, wet, winter weather. 

Characterisation and effects of transport thermal micro-environments: 

Three-dimensional thermal mapping (see figure 6.3.2.2.) on many 
journeys on commercial broiler transporters has revealed that 
distributions of both temperature and humidity (water vapour density) 
are heterogeneous within the transport space (Kettlewell and Mitchell 
1993a & b; Mitchell and Kettlewell 1998).  There are substantial 
increases in both variables over ambient conditions in parts of the 
vehicle.  It is apparent that a heterogeneous distribution of heat loads 
exists with a gradient essentially from front to rear of the vehicle 
resulting in the existence of a "thermal core" towards the upper front 
central area of the vehicle. Thus both temperature and water vapour 
density are elevated towards the front upper area of the lorry and 
trailer and thus these locations are more likely to induce heat stress in 
birds in transit whilst much lower temperatures closer to ambient 
conditions will be encountered towards the rear of the vehicle 
components. 
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Legend 6.3.2.2 Spatial distributions of temperature (closed boxes) and 
vapour density (open boxes) on a passively ventilated broiler transport 
vehicle. The vehicle comprise two components, lorry and drawbar 
trailer. 

 

On typical transporters temperature increases of 10-20°C in the 
thermal core may be encountered in closed vehicles. Thermal core 
temperatures of 25-26°C accompanied by water vapour densities of 5-
17 gm-3 may be observed regularly on commercial transporters in the 
UK during winter transport when external temperatures may be 5-8°C.  
On such vehicles an 18°C gradient between thermal core and air inlet 
will exist with a parallel humidity gradient.  Thus, the complex nature of 
the thermal micro-environment on broiler vehicles may result in a risk 
of severe heat stress in relatively mild weather conditions.  Core 
temperatures of >30°C and vapour densities >20gm-3 have been 
reported in the UK (Kettlewell and Mitchell 1993).  More recent studies 
(Knezacek et al. 2000) have further demonstrated the complexity of 
the "on-board" thermal micro-environment employing thermal 
mapping on commercial vehicles under extreme cold conditions. A 
60°C temperature increase was reported in one container in a broiler 
transporter operating with minimal passive ventilation with an external 
temperature of -28°C in central Canada. The resulting thermal core 
temperature of 32°C would have resulted in a degree of “paradoxical 
heat stress” under extremely cold external weather conditions.  Clearly 
the issues of elevated external temperatures are even more important 
in countries whose climate is sub-tropical or tropical including those 
European broiler producers bordering the Mediterranean. 

The effects of exposure to high thermal loads in transport containers 
obviously include profound heat stress and increased mortality and 
thus major reductions in bird welfare.  In production terms there are 
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other important influences.  For example heat stress will induce 
marked elevation of evaporative heat loss and thus body weight loss 
(Carlisle et al. 2003). This study included three separate but related 
experiments and quantified the components of water loss from broiler 
chickens (2 kg body weight) under a range of thermal environments.  
In the first, respiratory evaporative water loss was estimated 
gravimetrically for individual broiler chickens over a range of 
environmental temperatures from 24-36˚C. In the second, total weight 
loss was estimated in groups of broilers in commercial transport crates 
over a similar range of micro-environments. In the final phase weight 
change and evaporative water losses of broilers on a commercial 
transport journey were measured by means of pre and post-journey 
weighing of the load and determination of inlet and outlet water 
vapour density on a mechanically ventilated vehicle throughout the 
journey. Respiratory evaporative water loss increased from 0.77±0.19 
g kg-1 hr-1 at 24ºC to 4.3 g kg-1 hr-1 at 36ºC (p<0.001) in individual birds 
which would equate to weight losses of 30-168 kg on a typical UK 
broiler transporter carrying 6500 bird on a 3 hour journey. 
Measurements of total weight of broilers over a range of temperatures 
from 20-30ºC on similar simulated journeys indicate losses of 0.87-2.2 
g kg-1 hr-1 (p<0.001) which would result in weight reductions at the 
factory of 34-86 kg per load. Subsequent studies on commercial 
vehicles revealed actual weight losses of 4.6-6.6 g kg-1 hr-1 (mean 73 
kg per load) under varying thermoneutral conditions chiefly 
attributable to the measured water vapour heat exchange.   

Particular attention, therefore, must be paid to the transport and 
holding thermal micro-environments and the thermal loads imposed 
upon the birds including both dry bulb temperature and humidity. The 
consequences of elevated thermal loads for bird welfare and 
productivity are profound. 

Factors determining the thermal micro-environment of poultry 
transporters: 

The internal thermal micro-environment in the transport containers is 
the product of the inlet air temperature and humidity, airflow rate and 
the heat and moisture production of the birds (Mitchell et al. 2000). It 
may be suggested that the passive ventilation regimes of most 
commercial broiler transport vehicles result in low rates and 
heterogeneous distribution of airflow within the bio-load. Studies have 
characterized the pressure profiles over the surface of, and within, 
commercial broiler vehicles (Baker et al. 1996, Dalley et al. 1996, 
Hoxey et al, 1996). It is these pressures that drive passive ventilation 
within the vehicle. 

A central feature is the tendency for air to move in the same direction 
as the motion of the vehicle, thus, air tends to enter at the rear and 
move forward over the birds exiting towards the front. This pattern, of 
course, accounts for the distribution of temperatures and humidities 
observed on commercial vehicles, the existence of the "thermal core", 
the ingress of water spray and bird wetting and the pattern of DOAs 
and thermal stress found within the load (Hunter et al. 1997, 2001; 
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Mitchell et al. 1997, 1998a).  The importance of airflow direction and 
pattern has been emphasized by Mitchell and Kettlewell (2002) who 
reported work demonstrating temperature distributions at the rear (air 
inlet) of a passively ventilated, closed sided vehicle on a winter day. It 
was apparent that cold air (at velocities of up to 1.2 ms-1) can 
penetrate the bio-load by up to 1.7m chilling birds in these locations 
and causing profound cold stress if accompanied by wetting (Mitchell 
et al. 1997; Hunter et al. 2001). 

When vehicles are stationary there is no external force driving the 
ventilation and heat and moisture removal is dependent upon free 
convection. In this situation problems of heat stress may be markedly 
exacerbated even on open or semi-open vehicles particularly in hot and 
humid weather conditions. Whilst the heterogeneity of the thermal 
micro-environment is less on moving open-sided vehicles gradients of 
temperature and humidity still exist. On curtain or closed-sided 
vehicles the problems of elevated thermal loads and localized cold 
stress zones can be exacerbated. It is clear that the problems 
associated with thermal micro-environments are primarily a 
consequence of the inadequacy and poor distribution of the ventilation 
flow through the bio-load. Any practical solution to these problems 
must involve modification and improvement of the ventilation regime. 

6.3.3. Effects of food and water deprivation 

Because birds do not have access to food and water in transit they may 
become hungry and dehydrated.  The latter is particularly likely with 
high ambient temperatures when large amounts of water may be lost 
through panting.  Birds are also deprived of food, and to a degree, 
water before they are caught and crated.  This is to partially empty 
their guts in the interest of improved hygiene at slaughter.  Food 
deprivation leads to live weight loss, the rate being rather variable (see: 
Warriss et al, 1999b), and after long deprivation, carcass weight loss.  
It also reduces liver weight and glycogen levels in the liver and some 
muscles, (Warriss et al, 1988) which could induce feelings of fatigue 
(Warriss et al, 1993) although transported birds have nevertheless 
been observed to tend to be more active subsequently (Sherwin et al, 
1993). 

6.3.4. Preparation for Transport 

Broilers:  As mentioned above, birds are deprived of food, and 
sometimes water, before catching and crating.  Reducing the contents 
of the gut relieves pressure on the intestines and minimizing leakage 
of contents if the gut is accidentally perforated during 
slaughter/dressing procedures (Warriss et al, 1999b). Food deprivation 
times from 4 to 10 hours have been recommended (Anon, 1965; 
Wabeck, 1972) but there is little or no definitive evidence for the value 
of different fasting times.  There would appear to be no evidence that 
deprivation of water before crating is beneficial to ultimate meat 
hygiene. 
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To facilitate catching, while keeping the birds calm, the process takes 
place in conditions of very dim light, often at night or in the early 
morning.  An important consideration relates to the suitability of birds 
to travel.  A high proportion of commercial broilers show some degree 
of lameness caused by problems in the bones and joints of the legs 
(Julian, 1984; Kestin et al., 1992; Kestin et al, 2001; Sanotra et al., 
2001). The aetiology and pathology of the condition have been 
reviewed by Bradshaw et al. (2002).  Lameness is likely to be painful 
(McGeown et al, 1999; Danbury et al, 2000) and transport, and the 
handling associated with it, is likely to increase the suffering of these 
birds. The case of lame broiler chickens presents particular concerns 
with regard to their not being transported in order to avoid increased 
suffering. 

6.3.5. Loading and unloading 

(1) Broilers:  The importance of careful handling is evidenced by 
differences in the amount of bruising in broilers harvested by different 
catching teams (Taylor and Helbacka, 1968), the implication being 
that some catchers are less skilled or less considerate than others.  
Birds should be lifted carefully.  Ideally this should be by holding the 
body.  However, it is more usual, if not universal, to catch and lift birds 
by their legs.  Both legs should be used to lift the birds since this 
reduces the frequency and severity of haemorrhaging in the thigh 
(Wilson and Brunson 1968). It also reduces the number of broken 
bones sustained.   

The use of mechanised catching for broilers has some advantages 
(Berry et al, 1990).  Several types of mechanised systems have been 
proposed but only those that use sweeping mechanisms provided with 
soft rubber “fingers”, usually mounted on vertically rotating rotors, 
have been successfully developed commercially.  The fingers sweep 
the birds onto a conveyor belt that transfers them to the transport 
receptacles. Potential advantages of mechanised systems include 
reduced labour costs, obviation of human health problems associated 
with manual catching and improved animal welfare, specifically a 
reduction in bird stress and trauma.  However, in practice it is unclear 
whether there are improvements in welfare, probably at least in part 
because the standard of care exercised in manual catching systems, 
with which the mechanised systems must be compared, varies 
considerably.  There may also be differences between different designs 
of catching machines in the way that they collect and move the birds.  
Some designs might therefore be better than others in terms of 
welfare. 

In a recent rather extensive German trial of a catching machine 
employing a three-rotor sweeper and conveyor system manufactured in 
Denmark, 40 manually caught loads (869,738 birds) were compared 
with 43 machine caught loads (1.112,419 birds) over a period of a 
year (Knierim and Gocke, 2003).  Machine catching significantly 
reduced the prevalence of fresh bruises, leg and wing bone fractures, 
and bone dislocations, of all categories studied.  The reduction in the 
number of bruises ranged from 23-31%, the reduction in the number of 



 43 
 
 

fractures ranged from 48-70%, and the reduction in the number of 
dislocations ranged from 20-50%.  The number of birds with one or 
more injuries was significantly reduced from 4.38% in manually caught 
birds to 3.07% in machine caught birds.  

Mortality (% DOAs) ranged from 0.23-0.69% in manually caught birds 
and from 0.31-0.76% in machine caught birds when sampled over the 
four seasons (autumn, winter, spring and summer). Only in spring was 
mortality significantly different between the catching systems, when it 
was higher for mechanically caught birds. Overall, mortality in 
manually caught birds tended (p = 0.07) to be lower (0.39%) than in 
machine caught birds (0.54%).  However, some caution needs to be 
attached to this finding.  Because the machine operated at a higher 
speed than manual catching, more birds were put into each transport 
container and the stocking density was correspondingly higher.  This 
might have increased mortality. With the same stocking density 
mortality could have been similar for both methods. 

The authors noted that the prevalence of injuries in mechanically 
caught birds significantly decreased with greater experience by the 
catching team in the machine’s use; the same was not true for 
manually caught birds. The implication is that further reductions could 
be possible in the amount of live bird damage from the figures 
achieved in the study. 

Schneider (2000) apparently studied the same birds as Knierim and 
Gocke (2003). She found that deaths in the mechanically caught birds 
were caused by heart failure, fractures, liver rupture, or haematomas 
in the spleen or kidneys.  There were more deaths with faster speeds of 
the conveyor belt, probably because the higher speeds led to more 
birds than desirable being put into the transport receptacles.  Stocking 
densities were therefore higher than after manual catching.  This led to 
more DOAs caused by shock and hyperthermia. It was suggested that 
the increased level of bruising at lower stocking densities was caused 
by birds losing their balance during transport. 

It is apparent that many factors are important in determining the 
relative value of different catching methods in terms of bird welfare.  It 
appears to be sometimes difficult to make absolutely valid 
comparisons between very different methods.  Particularly with new 
methods, it is important that the operatives are fully experienced in 
using them when they are compared with established techniques.  On 
balance, mechanised systems for handling animals do have some 
inherent advantages.  They remove the variation inevitable between 
operatives of different skill levels, they do not become tired or fatigued 
and they are more likely to operate at constant speeds.  Moreover, they 
tend to reduce the animal’s contact with humans.  Animals often find 
being close to human beings stressful (For example, Duncan et al., 
1986) found that heart rate was lower in birds handled by machines 
compared with birds handled manually.  It therefore seems likely that 
mechanised catching systems are desirable from a welfare standpoint. 
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On arrival at the processing plant birds are unloaded into lairage.  This 
is a covered area where they are held until moved to the slaughter line. 
Studies have demonstrated that lairage or holding micro-environments 
may be poorly controlled (Quinn et al. 1998) and in consequence 
hyperthermia or heat stress may occur during this period resulting in 
acid-base balance disturbances muscle damage and further reductions 
in bird welfare (Hunter et al, 1998).  Warriss et al. (1999a) examined 
the effect of holding broiler chickens in their transport “modules” in 
lairage for up to 4 hours.  The two most important consequences of 
longer times were that the bird’s deep body temperature increased 
progressively, with the most rapid rate of increase occurring in the first 
hour, and that liver glycogen decreased after the first 1 or 2 hours in 
lairage.  The implication of the progressive increase in body 
temperature is that the birds were unable to thermoregulate 
adequately to maintain their temperature constant under the 
conditions prevailing in the lairage.  Generally, with longer time, the 
temperature and relative humidity of the air within the containers in 
which the birds were held tended to increase.  Based on their findings 
the authors recommended that broilers should ideally be killed 
immediately on arrival at the plant with a maximum acceptable lairage 
time of 1 hour.  Holding birds for longer would require the development 
of improved methods of ventilation of the modules. 

(2) Culled hens:  Careful handling is particularly important in hens 
because of the relative fragility of their bones.  Gregory and Wilkins 
(1992) found that removal of hens from cages holding the birds by two 
legs compared with a single leg reduced the incidence of broken bones 
from about 13 to 5%. 

The removal of hens from battery cages is difficult since these do not 
usually allow easy access. It is therefore important that the cage fronts 
are opened sufficiently and that the birds are removed carefully.  
Catching hens in “alternative” systems such as percheries is often 
made difficult by the furniture and structure associated with the 
perches and nest boxes, and the fact that birds have more opportunity 
to escape.  Both cages and alternative systems should therefore be 
designed with bird depopulation in mind since easy catching is likely to 
be less stressful to the birds and result in less physical trauma. 

6.3.6. Floor/space allowance 

There appears to be little or no research on appropriate stocking 
densities for broilers or hens during transport. Canadian 
recommendations (Anon, 2001) are that, for growing and adult birds, 
the maximum density in “cold” weather as found in winter should be 
63 kg/m2.  The stocking density in summer should be reduced from 
this value, although no specific reduction or density is specified.  It is 
not clear whether these recommendations are based on research 
findings or on practical experience.  New Zealand recommendations 
(Anon, 1994) are that poultry weighing less than 1.6 kg need 175 
cm2/kg, those weighing 1 to 3 kg need 150 cm2/kg and those 
weighing 3 to 5 kg need 110 cm2/kg.  It was recommended that these 
space allowances should be increased during summer, especially if the 
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weather is hot or humid.  Again, it is not clear whether these 
recommendations are based on research findings or on practical 
experience.   

However, if the minimum space required by a bird is defined by the 
general equation: 

 Area (m2) = 0.021 weight (kg) 0.67 

Then a bird weighing 2.0 kg needs 0.0334m2, equivalent to a stocking 
density of 59.9 kg/m2, and a bird weighing 2.5 kg needs 0.03889m2, 
equivalent to a stocking density of 64.4 kg/m2.  The Canadian figure of 
63 kg/m2 thus corresponds reasonably well with maximum acceptable 
stocking densities predicted by theory, at least for “cold” weather 
conditions, and for birds weighing between 2 and 2.5 kg.  For a bird 
weighing 1.5 kg the corresponding figures are 0.0275m2 and 54.4 
kg/m2.  The equivalent New Zealand figures are that a bird weighing 
2.5 kg needs 0.0375m2, one weighing 2 kg needs 0.0300 m2 and one 
weighing 1.5 kg needs 0.0263 m2.  A summary of these floor space 
allowances for birds weighing 2 and 2.5 kg is given in the Table 
(6.3.6.1.) below: 

 

Bird weight System Floor area (m2) Floor area (kg/m2) 

2 kg Formula* 0.03341 59.85 

 Canadian 0.03174 63 

 New 
Zealand 

0.03000 66.66 

2.5 kg Formula* 0.03889 64.4 

 Canadian 0.03968 63 

 New 
Zealand 

0.03750 66.66 

Table 6.3.6.1. * Area (m2) = 0.021 weight (kg) 0.67 

 

 

 

The current recommendations for transport stocking density for 
broilers as presented in EC 95/29 and WATO, 1997 are :- 

Birds body weight Space allowance 

< 1.6 kg  180-200 cm2 kg-1 
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>1.6  but <3.0 kg 160 cm2 kg-1 

>3.0 but < 5.0 kg 115 cm2 kg-1 

>5.0 kg  105 cm2 kg-1 

In the UK and many parts of the world the most commonly employed 
modular transport system for broilers is the “Anglia Autoflow” design.  
The transport containers or “crates” in this system have a floor area of 
0.78 m2 

Thus as practical stocking density is 17-25 birds in commercial 
practice then assuming all bird sare 2.0 kg body weight then the range 
of space allowances is  43.6 - 65.8 kg m-2  or 229cm2 kg-1 - 152cm2 kg-

1 and thus compliant with current regulations. 

The New Zealand recommendations (Anon 1994) specify minimum 
container height requirements.  For poultry weighing 1 to 4 kg this is 
25cm. 

As implied by the above recommendations, particularly in hot weather 
it is important to reduce the stocking density in the crates or module 
drawers to allow better air circulation and prevent the build up of heat 
and humidity.  This can be illustrated by data from Warriss et al. 
(1992a) relating to the provisions made in one UK plant.  Between 
March and August, when ambient temperatures would have increased 
considerably, stocking density was reduced progressively from 17.3 to 
15.8 birds per transport crate.  This was associated with a reduction in 
mortality from 0.22% to 0.16% despite the higher ambient 
temperatures probably experienced.  The reduction in stocking rate 
corresponds to a decrease of 8.7% in stocking density. 

There appear to be no specific recommendations for the height of 
transport containers, or scientific evidence on which to base these.  

6.3.7. Vehicle design 

(a) Birds' physiological requirements - optimum conditions and limits. 

In order to improve poultry transport vehicle design it is essential to 
establish the optimum environmental conditions for carriage of the 
birds and the acceptable ranges and limits for the various components 
of the micro-environment to which the birds are exposed.  This can be 
achieved by means of physiological modelling and subsequent 
validation of such models under commercial conditions. The data thus 
obtained can inform the design of improvements in vehicle design and 
transport practices, and are based upon matching of the transport 
environment to the birds' biological requirements.  

The degree of physiological stress imposed upon slaughter weight 
broilers by a range of temperature humidity combinations has been 
determined in transport simulation studies (Mitchell and Kettlewell 
1998; Mitchell et al, 2000, 2001).  This approach may be termed 
"physiological stress response modelling".  Appropriate physiological 
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parameters were selected to allow assessment of thermoregulatory 
(homeostatic) success and effort, extent of activation of the 
hypothalamo-pituitary-adrenocortical axis (corticosterone secretion) 
and the degree of stress-induced myopathy induced in broilers over a 
range of thermal loads.  The latter were expressed as Apparent 
Equivalent Temperature (AET) derived from dry bulb temperature, 
water vapour pressure and the corrected psychrometric constant 
(Mitchell et al. 1996a; Mitchell and Kettlewell 1998).  This approach 
allowed definition of thermal comfort zones, optimum transport 
conditions and acceptable limits for temperature and humidity for 
broilers in transport crates under commercial transport conditions In 
essence it is recommended that temperature-humidity combinations 
yielding an AET of >65°C in transport containers should be avoided at 
all times as these thermal loads would be associated with severe 
thermal stress (danger zone) and increased mortality.  In practice this 
equates to maintaining the “in-crate” dry bulb temperature at 26-27°C 
or less because of the usually encountered water vapour densities in 
commercial transport containers (70-80%).  Temperatures and 
humidities equating with AET values of 40-65°C may impose mild to 
moderate physiological stress (alert) and those of <40°C may be 
considered to associated with minimal stress and are thus safe 
(Mitchell and Kettlewell 1998; Cockram and Mitchell 1999).  The 
physiological modelling procedure provides the "target conditions" to 
be achieved by modification and improvement of vehicle ventilation. 

(b) Strategies and solutions - improved ventilation 

A number of modifications to existing passively ventilated vehicles may 
be made in order to improve air flow through the load space, however, 
the success of these strategies is limited particularly in the face of the 
hostile climatic conditions encountered in many major broiler 
producing regions.  If current transport numbers per vehicle are to be 
maintained to ensure economic efficiency then forced or mechanical 
ventilation may be the only feasible option.  In order to define the 
specifications of such a system it is necessary to determine three 
factors:  

(1) The ranges and limits for temperature and humidity within the 
transport containers and the optimum thermal environment for 
transport. 

(2) The acceptable temperature and humidity increases above 
ambient for a range of external conditions. 

(3) The heat and moisture loads for dissipation by the ventilation 
system 

Physiological response modelling has provided the data necessary for 
factors 1 and 2.  Total heat and moisture productions of slaughter 
weight broiler chickens have been measured in a unique study in which 
a broiler transporter was instrumented to function as a “direct 
calorimeter” (Mitchell et al. 1998b; Kettlewell et al. 2000, 2001a).  The 
steady state total heat and moisture production of broilers were 
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measured on a fan ventilated commercial transporter. Temperature 
and water vapour densities were accurately determined at defined 
inlets and outlets on an otherwise sealed vehicle and sensible and 
latent heat losses calculated from precisely calibrated fan throughput.  
Measurements were made over a 2hour period on each of 6 days.  The 
lorry carried birds of 1.75±0.06kg body weight.  Ambient temperature 
(Te) during the experiments ranged from 9-17C.  Two fan flow rates (2.8 
and 4.9 m3s-1) were employed.  Mean total heat production on the lorry 
was 26.1±3.0 kW which could be partitioned into 63% sensible and 
37% latent components.  This value represents 9.5±1.0W per bird.  In 
parallel transport simulation laboratory studies using similar birds (Te = 
20C) metabolic heat production determined by indirect calorimetry 
was 8.7±0.5W.  This value is in close agreement with that determined 
in the “whole vehicle direct calorimeter” and with previously published 
total heat productions for broiler birds (Xin et al. 1996).  On the vehicle 
water loss was 1.43mg per bird -1s-1 and it may thus be calculated that 
to maintain a specified temperature lift within the transport container 
the ventilation system must be capable of dissipating loads of at least 
5.41Wkg-1 and 0.82mg.kg-1s-1.  In practice removal of larger heat and 
water vapour loads may be required.  Thermoneutral water productions 
of broilers as high as 1.8mg kg-1 s-1 (Xin et al. 1996) have been 
reported and this must be considered in the calculation of water 
vapour removal targets and rates.  Deep body temperature 
measurements in broilers at the lorry air inlets and outlets indicated a 
slight cooling of the birds at both of the ventilation rates employed (-
0.41±0.34C) suggesting at least adequate removal of heat and water 
vapour loads.  It has thus been possible to calculate the ventilation 
flow rates required for operation in specified external environments 
from the following relationship: 

    VFR  =  TMHP / Cp  x ΔT 

Where VFR = Flow rate (m3s-1) 

TMHP = Total metabolic heat production (Js-1)Cp = Specific heat 
capacity of air (1226 Jm-3C-1) 

ΔT = Acceptable rise in air temperature (C) 

On the basis of these findings it is proposed that the effective 
ventilation rate for vehicles in this configuration, fully loaded and 
operating at environmental temperatures of up to 20C should be 
0.6m3s-1 per tonne live weight (Kettlewell et al. 2001a).  Several fans 
should be installed on the vehicle giving a maximum ventilation rate 
that will exceed this value.  Fans should be placed where air does not 
otherwise circulate. Fans should thus be located in areas of the vehicle 
where the surface pressure profiles are such as to maximise fan air 
extraction efficiency i.e. in areas of lowest surface pressure (Hoxey et 
al. 1996; Baker et al. 1996; Dalley et al. 1996).  .  Practical constraints 
upon fan location are imposed by the need to have easy access to the 
vehicle “load space” for loading and unloading.  In practice therefore 
fan should be located in the front headboard and rear tailboard of the 
vehicle.  
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Fans are available which will achieve this and in practice much higher 
rates may be required in hot weather.  It must be emphasized that 
removal of water vapour by the ventilation flow is of paramount 
importance in controlling the internal thermal micro-environment of 
the poultry transporters and it is therefore essential to calculate or 
measure both heat and moisture production of birds over a wide range 
of thermal conditions.  These specifications have provided the basis for 
the design and development of fan ventilated commercial broiler 
transport vehicles (in collaboration with a commercial coachbuilder) in 
the UK (Kettlewell and Mitchell 2001a & b; Kettlewell et al. 2001a & 
b).  The control strategy for the ventilation rate is based upon the 
physiological response models and measurements of inlet and outlet 
air temperatures.  These vehicles are now operating successfully in 
commercial practice. 

6.3.8. Animal Preparation 

Weeks and Nicol (2000) have pointed out the potential effects of 
rearing experience on the response of birds to handling and transport.  
Breeds reared at least partially outdoors at low stocking densities are 
generally less fearful (Grigor et al., 1995a) and thus may cope better 
with the stress of catching and transport.  There is some supporting 
evidence for this (Nicol, 1992) although it is unclear whether this is 
likely to be important under the relatively high stress of commercial 
handling.  Prior experience of handling by humans may also reduce 
fear but the evidence for the benefits of this in practice is contradictory 
(Nicol, 1992; Jones, 1996; Grigor et al., 1995a; Reed et al., 1993). 

6.3.9. Travel times 

Because broilers held in crates or drawers cannot be effectively fed 
and watered during transport, journeys must be considerably shorter 
than for red meat species.  Although marketing times of over 12 hours 
have been recorded in the UK (Warriss et al., 1990), much shorter 
times are to be recommended on various grounds.  Mortality is 
increased progressively with longer transport times (Warriss et al., 
1992a). These authors recorded the number of broilers dead on arrival 
(DOA) in a sample of 3.2 million birds transported in 1113 journeys to 
a poultry processing plant.  Journey times ranged up to 9 hours with an 
overall average time of 3.3 hours. Total time, from the start of loading 
birds on to the vehicle to the completion of unloading at the processing 
plant, ranged up to 10 hours with an average of 4.2 hours.  The overall 
mortality for all journeys was 0.194%. However, as journey time (and 
therefore total time) increased, so did mortality rate.  In journeys 
lasting less than 4 hours the prevalence of dead birds was 0.16% while 
for longer journeys the incidence was 0.28%. In all journeys longer 
than 4 hours mortality was therefore on average 80% higher than in all 
journeys shorter than this. 

Birds suffering painful traumatic injuries such as broken bones and 
dislocations, which are not uncommon, will suffer progressively more 
in longer journeys.  Liver glycogen, which provides a ready source of 
metabolic fuel in the form of glucose, is very rapidly depleted after 
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food withdrawal.  Warriss et al. (1988) found depletion to negligible 
levels within 6 hours.  Broilers transported 6 hours had only 43% the 
amount of glycogen in their livers compared with untransported birds 
(Warriss et al., 1993). 

6.3.10. Rest periods 

Rest periods are impracticable and counterproductive for poultry since, 
as mentioned above, birds cannot realistically be offered food and 
water.  Neither can they be effectively inspected by Veterinary 
Authorities because of their close confinement in the transport 
receptacles.  Moreover, with current systems of passively ventilated 
transport vehicles, the reduction in airflow likely if vehicles stop 
without unloading the birds is likely to lead to an increase in 
temperature within certain parts of the load and possibly cause the 
development of hyperthermia in the birds. 

6.3.11. Feeding and watering 

As mentioned previously, because birds transported in crates or the 
drawers of modular systems, it is not practicable to feed and water 
them.  This highlights the importance of short transport times and 
careful control of overall fasting times before slaughter such that a 
balance is struck between the requirements of slaughter hygiene and 
those for animal welfare. 

7. TRANSPORT OF TURKEYS  

7.1. Introduction 

The market for special poultry meat is expanding rapidly. In particular the 
consumption of turkey meat products is growing faster than any other kind of 
meat. The reasons for this growth are the health image of the product, which is 
considered lean and rich in protein, the increased availability of further 
processed products and, last, but not least, the relatively low price of this type of 
meat (Uijttenboogaart 1999). World-wide the consumption of turkey meat has 
been doubled over the last ten years and is now concentrated in five countries, 
where 85% of the total production is consumed. With more than 50% the USA is 
the leading consumer, followed by France, Italy, Great Britain and Germany. It is 
estimated that about 7 million turkeys are kept in Germany for commercial 
reasons. A total of about 30 million turkeys are produced per year. The UK 
consumption of turkey meat was estimated to be about 5.2 kg per capita per 
year in 1998. 

7.2. Origin and domestication of turkeys 

Studies regarding the origin of the turkey suggest rather conclusively that its 
native land was North and Central America and that it was probably 
domesticated in Mexico in prehistoric times. The more recent findings indicate 
there were, though now extinct, predecessors to Meleagris gallopavo, the 
progenitor of today’s commercial turkey. Archaeological, biochemical, 
osteological, taxonomic and hybridization investigations provide evidence for 
distinctness of the Phasianidae family from other families within the order 
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Galliformes and from other avian orders. Varieties of turkeys, denoted by 
variations in pigmentation of feathers, appeared spontaneously and were 
recognized during the nineteenth century (Buss 1989) It was imported to 
Europe soon after the early exploratory journeys to North and Central America, 
reaching Britain about 1525 (Thompson 1964). There are several varieties (e.g. 
Norfolk Black, Bronze, White) and a number of commercial hybrids selected for 
increased meat yield, particularly from the breast muscles. The wild turkey is 
compared to the domesticated form smaller, the male turkeys reach a weight 
of about 5 kg and the females about 3 kg (Gigas 1987). Weights of over 11 kg 
are very seldom in wild turkeys (Grzimek 1969). 

7.3. Diseases typical in Turkeys 

Turkeys are susceptible to most typical poultry diseases. Therefore there is a 
risk that some of the commoner infectious diseases such as fowl pox, 
Newcastle disease, avian influenza, turkey rhinotracheitis, chlamydiosis, avian 
Mycoplasma infections might be transmitted as a result of transport. 
Experience in practice shows that transport stress can cause and enhance 
shedding of infectious agents such as salmonella from latently infected birds. 
Precaution should be taken that turkey transports are not passing closely along 
breeding farms to prevent transmission of diseases.  

Turkeys can suffer from aorta rupture during transport caused by high blood 
pressure under transport stress  

Gentle loading, transport and handling can reduce the risk of disease spreading, 
losses and suffering. 

Production diseases 

Turkeys on farms may be affected by feather pecking, cannibalism, skeletal 
abnormalities, cartilaginous emboli in the spinal cord, or aneurisms (Stedman 
et al. 1998). Any of them could significantly affect welfare during transport.  

7.4. Housing and handling on Farms 

The modern poultry industry developed rapidly in the second half of the 
twentieth century, though the roots go back to Roman times. Up to the second 
world war turkeys were extensively reared in a traditional way, that is running 
free with seasonal breeding and natural as well as artificial hatching. The birds 
were slaughtered in the late autumn or in the early wintertime. After 1945 a 
very productive turkey industry developed with intensive housing conditions and 
whole year slaughtering. It developed progressively from numerous small flocks 
of dual purpose breeds scavenging around the barnyard, fed on scraps and 
home grown grains, and using natural lighting, incubation and brooding. 

At the same time an intense development took place in the breeding area and 
within decades the domesticated turkey changed more than it did in centuries 
of domestication (Zylla-Bluhm 1993). One of the most important breeding 
results was the breeding of the wide breasted turkey with the hypertrophy of the 
breast- and leg muscles (Crawford 1984). The wild ancestors and relatives of 
domestic poultry include both temperate and tropical species. In common with 
other animals, the temperate species are more seasonal in their breeding, 
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because chicks born in the autumn or winter would not survive. Seasonality is a 
disadvantage under domestic conditions, but the sensitivity of poultry to certain 
seasonal changes has been exploited to increase production. This has been 
achieved by controlling light conditions (Appleby et al. 1992).  

Turkey poults are sometimes reared in tier brooders, and then moved to littered 
pen at three weeks of age, where they are kept on littered floors in very large 
houses of more than 10,000 birds. The best litter is softwood shavings provided 
fresh for each flock. To reduce material and labour costs efforts have been 
made to develop suitable non-litter surfaces such as wire mesh or slats, but 
with limited success. A number of attempts have been made to house broilers 
in various types of multi-bird cage systems in order to simplify management, 
improve environmental control and reduce the cost of litter provision and 
disposal. These attempts have not been entirely successful, mainly because 
broilers in cages spend much of their time resting on their keels on the floor 
and from the localized pressure develop breast blisters which result in carcass 
downgrading. Cushioned floors, where a rubber or plastic overlay covers the 
wire mesh, reduce this problem.  

7.5.  Transportation and Journey Management 

7.5.1. General Aspects of transport 

Turkeys are transported after hatching in controlled climate vehicles to the 
farms where they are kept for the first weeks in heated animal houses or 
houses with spot heaters. After 6 to 8 weeks when the thermoregulation of the 
birds is sufficiently developed they are driven to finishing buildings on the same 
farm or on other farms. At the end of the fattening period the turkeys reach 
weights between 12 kg (hens after about 20 weeks) and 22 kg (male birds after 
24 weeks). For loading the heavy birds technical devices such as lifts and 
conveyors are increasingly used to lift the animals on the different decks of the 
lorries, to reduce stress of handling and the work load for the personnel.  

The birds may be exposed to a variety of potential stressors during transit, 
including the thermal demands of the transport microenvironment, 
acceleration, vibration, motion, impacts, fasting, withdrawal of water, social 
disruption and noise (Mitchell and Kettlewell 1998) The adverse effects of these 
factors and their combinations may range from mild discomfort and aversion to 
death. Indeed, so Mitchell and Kettlewell (1998) state “studies in the U.K. have 
indicated that up to 40% of “dead on arrivals” (of broiler chickens) are 
attributed to “transport stress” and that mortality increases with journey 
length”. Figures for losses during transport of day-old turkey chicks as well as 
finished turkeys are rare. Drawer (1980) gives the figure for turkeys going to 
slaughter of “below 1%” which died during transport depending on the length of 
the journey. Day-old turkey chicks should not be transported much longer than 
48 hours (Hamsic et al. 2003). 
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7.5.2. Transportation / Journey management  

During transport excitement, pain, or suffering can occur. Waiting conditions 
can render the animals vulnerable to severe weather conditions. During hot and 
humid weather, transport can reduce problems. Any avoidable pain, suffering, 
excitement, or injury is to be prevented. 

7.6. Transport of day-old turkeys poults 

Turkeys first experience transportation, as newly hatched chicks, when they are 
taken from the hatchery to the rearing unit. The transport of day-old chicks 
poses few problems on short journeys because they are small and they have 
yolk sac reserves. They are usually transferred by hand from the incubator to 
lightweight, disposable containers with ventilation holes. Newly hatched chicks 
are not provided with food and water until they reach the rearing unit. During 
transportation, which may last up to two days on international journeys, chicks 
are completely reliant on yolk sac metabolism. In the directive on the protection 
of animals during transportation in containers issued on December 20, 1988 is 
regulated, among other things that chicks (of hens, guinea fowl, pheasants, 
ducks, geese and turkeys) are allowed to be transported up to 72 hours without 
water or feed supply. This time span seems to be too long for modern breeds of 
fattening poultry, including turkeys. Warriss et al. (1992b) found that chicks 
deprived of food and water for 48 hours weighed 16.5 g less than control chicks 
which had access to food and water within 6 hours of hatching. They showed 
both physiological and behavioural signs of dehydration and thirst. Hackl and 
Kaleta (1997) found that already from the second day of life of chicks of hybrid 
fattening hens without feed or water mortality begins and consequently, the 
(still) permissible maximum transportation time of 72 hours should never be 
reached. For broiler chicks the maximum transportation time was again found 
to be approximately 48 hours. Any transportation over that time causes severe 
problems. The same is true for newly hatched turkey chicks.  

Hamsic et al. (2003) examined the rates of survival of turkey poults deprived of 
food and water between 72 and 48 hours post hatching. The investigation 
included a total of 600 turkey poults of the hybrid line BIG 6. The investigations 
comprise six separate trials using 50 female and 50 male poults in each of the 
experimental set-ups. The resulting data indicate that fattening turkey poults do 
not withstand a period of deprivation of 72 hours post hatch without increased 
mortality. After a period of 72 hours without water and food, a total of 30 of 50 
male poults and 13 of 50 females died on the third to fifth day of life. Following 
a period of 60 hours of food and water deprivation 9 of 50 male poults and 
none of the female poults died. Subsequently, the period of food and water 
deprivation was reduced to 48 hours. In this experiment 5 of 100 male and 7 of 
100 female poults succumbed. They concluded that post hatching turkey poults 
of this breed should not be deprived of food or water for longer than 48 hours. 
Adverse environmental conditions can exacerbate problems for the poults. 

Carver et al. (2002) carried out a study to find causes for early turkey poult 
mortality. They found that the causes are multi-factorial, season, strain, breeder 
hen age, and hatchery significantly affect poult mortality. Hatchery-related risk 
factors for hen flock mortality identified in this observational study included 
truck on which poults were shipped, truck temperature, and number of poults 
dead on arrival at the farm. Hen flocks shipped in trucks with lower 
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temperatures had higher odds of mortality on arrival. Hen flocks with higher 
numbers of poults dead on arrival at the farm had higher odds of mortality 
within the first 14 days after placement in the barn. Hatchery-related risk 
factors for tom flocks included desnooding, truck on which poults were shipped, 
truck temperature, shipping time, and weather conditions at placement. Tom 
flocks shipped on trucks with higher temperatures and / or increased shipping 
times had higher odds of mortality on arrival and within the first 14 days. Tom 
flocks placed during icy weather had lower odds of mortality, and those placed 
during cloudy weather conditions had higher odds of mortality. These 
observations show the importance of careful planning of transport and 
adequate ventilation and air conditioning on truck. Inadequate transport 
conditions of day-old chickens influence mortality rates and welfare of the 
growing flock. On arrival the chicks may be gently tipped out or removed 
manually. 

7.6.1. Preparation for transport to slaughter 

For hygienic reasons, turkeys usually are not fed for several hours before 
transport in order to facilitate digestive tract clearance before processing and 
reduce the faecal contamination of carcass and processed products. The 
withdrawal period if too long, will limit losses of live weight and carcass yield. It 
seems that about 6 hours are sufficient to clear the digestive tract (Baroli et al. 
1999). Taubert et al. (2002) emphasise that food withdrawal for more than 13 
hours before slaughter should be avoided since the reduced glycogen reserves 
in the breast muscle favour higher final pH-values in that retail chop. The length 
of the time of feed withdrawal should be carefully planned according to the 
catching, transport and holding time before processing. 

7.6.2. Loading systems 

Prescott et al. (2000) found that during loading, turkeys may suffer death, 
bruising, broken bones, torn skin and other physiological stress. The handling of 
poultry has been widely discussed and studied for laying hens and broiler fowl 
(Kettlewell and Turner 1985, Scott 1993, Knowles and Wilkins 1998) with 
sophisticated handling systems currently available (for example the mechanical 
poultry collector (Berry et al. 1990). This collector is not suitable for turkeys, but 
was the starting point of the development of gently working, reliable and 
efficient collecting devices (Knierim and Gocke, 2003; Gocke, 2000). In the 
turkey meat industry, only lately a greater range of handling systems has 
become available. Prescott et al. (2000) have investigated four designs of 
modular turkey transportation systems available in the UK and compared them 
in terms of carcass damage and heart rate during loading. Three of the four 
Systems (A, B and C) required turkeys to be manually loaded. The fourth System 
(D) was loaded by driving turkeys into it. Systems A, B, and C, compared in a 
balanced experimental design, had similar levels of fractures and bruising 
combined but variation in the types of damage. Birds from System D, which was 
examined outside the balanced design, showed much less damage than those 
from the other systems. Heart rate was lower for birds loaded into System D 
than for birds in the other systems, which all showed a similar high heart rate 
associated with loading. This pilot trial indicates that the adoption of System D 
could yield significant improvement to carcass condition and turkey welfare. 
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7.6.3. Transportation time 

Löliger and Torges (1977) report losses of turkeys in relation to the transport 
distance and season. The highest losses (0.93%) are seen in January and 
February on journeys of more than 500 km. Journeys between 100 and 300 km 
displayed losses of 0.54%. On shorter journeys the losses came to 0.31%. In 
summer time (June and July) the losses were only about half of that in winter 
time. These findings and many experiences in practice emphasise that 
draughty, cool and wet conditions, as well as high temperatures in hot weather 
situations on the transport vehicles, cause very poor welfare. In very hot 
situations losses reached 1.63% on one transport. The crucial importance of a 
functioning ventilation system was emphasised by Bröcker (1977).  

Transportation is usually carried out on specially constructed lorries. 
Transportation times can vary at times but is usually between 2 and 12 hours. 
With the decrease of the number of slaughter houses there is a tendency to 
longer journeys. A transport time of 3 hours may cause stress to the animals 
and accelerate the metabolism to a point of depletion of muscle glycogen, 
resulting in high muscle pH. On the other hand it seems that transportation for 
three hours and immediate slaughter after the transport does not negatively 
affect turkey meat (Owens and Sams, 2000).  

Again taking meat quality as an indicator for the degree of stress Van Hoof 
(1979) states that transportation over long distances had no detrimental effect 
on the physiological condition of breast muscle, and the course of post-mortem 
breakdown of glycogen and adenosine triphosphate was quite normal, provided 
that the birds were properly handled and stunned without any delay after they 
had arrived at the abattoir. Resting the birds for a longer period (up to 24 hours) 
after transport may lead to further ante-mortem depletion of muscle glycogen 
and thus to an increase of the ultimate pH and should therefore be avoided. 

Van Hoof (1979) also states that the physiological level of glycogen and ATP 
was not significantly affected by road transportation covering 260 km. 

Taubert et al. (2002) carried out a study about the relationship between 
external stress factors and meat quality of turkeys and conclude that the results 
of this investigation indicate that transport distance influences the rate of 
glycolysis less compared to the total duration of the turkey’s stay in the 
transport cages.  

The results of the various reports show that journey times longer than 4 h 
increase mortality. Hot weather can increase mortality significantly but also in 
winter heavy losses can occur. The conditions on the lorries are closely related 
to animal density both in summer and in winter and the efficiency of the 
ventilation system.  

7.6.4. Space allowance 

In the countries of the EU the space allowance for turkey is restricted according 
to the body weight, small birds need a greater surface per kilogram of body 
weight than the larger birds. Depending on the body weight, between 90 
kg/sqm (turkeys from 3-5 kg) and 100 kg/sqm (turkeys from 13-16 kg) are 
recommended. The deck height ranges between 25 cm and 35 cm, depending 
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on age and weight but there appear to have been no studies in which the effect 
of height on welfare has been investigated. Ellerbrock and Knierim (2002) 
investigated the static space requirements of male meat turkeys and the area 
covered by them standing was measured by planimetry on photographs taken 
from directly above the birds. The birds were between 11 and 21 weeks of age. 
They found that there was a strong relationship (r = 0.86) between their live 
weight and the area covered, and a formula was derived for the calculation of 
the area covered by turkeys weighing between 7-6 and 21 kg. The coefficient 
derived from the measurements of this study: area (m²) = 0.0252 x live weight 
(kg)0.67. A comparison with the formula developed on theoretical grounds in 
1995 by the Farm Animal Welfare Council (FAWC) showed that for heavy 
turkeys the FAWC formula is not valid, because it yields values which are about 
50 per cent too low. The FAWC (1995a) gives the following formula for the 
calculation of the area required by a standing turkey in contact with other birds 
on all sides: area (m2) = 0.021 x live weight (kg)0.67. However this formula was 
developed solely on theoretical grounds and no further explanation was given 
for the derivation of the coefficient, apart from the information that a 5 kg bird 
was taken as the basis. The areas covered by the turkeys weighing 7-6 to 21 kg 
and aged 11 to 21 weeks ranged between 869 cm2 and 1958 cm2 , 
corresponding to animal densities of 78 kg per m² and 107 kg/m²,  respectively 
(Ellerbrock and Knierim 2002). 

7.6.5. Microclimate throughout transportation  

Turkeys, being used to a steady temperature are vulnerable to thermal stress, 
high temperatures as well as cold stress, even though heat stress and cold 
stress affect these birds in a different manner. A cool pre-slaughter environment 
seems to produce meat with better carcass quality characteristics and less PSE-
meat, if the meat quality is taken as an indicator for stress (Babji et al. 1982). 
Froning et al. (1978) state that marketing turkeys during cold periods of the 
year may be less of a risk than marketing during hot seasons. So, in the hot 
summer season, the problem of high stocking density is greater than in the 
colder months. However, there are also reports about dead losses in winter time 
when the animals situated close to the edges of the lorry are wetted by rain and 
spray water at outside temperatures close to 0C. Also it is important to consider 
the ventilation of the truck and the length of the journey. The ventilation and the 
temperature should always be checked and if necessary be regulated. Up to 
20C, conductive and radiative heat exchanges during a journey will be fairly 
constant for dry birds. Sensible heat loss will depend mainly on air temperature 
and the rate of air flow around the birds. Evaporative loss also depends on 
these two variables. High temperatures are often associated with reduced 
ventilation rate and thus high humidity. Transit times during hot weather must 
be minimized to prevent fatal dehydration and hyperthermia. 

There is a thermal comfort zone, in which a bird is thermally comfortable and 
able to maintain its body temperature with little effort. Webster et al. (1993) 
were able to predict thermal comfort zones for conditions of low air movement 
and high humidity (typical in transit). The comfort zones are 8-18C for well-
feathered birds and 24-28C for poorly-feathered birds. Increased air movement 
would elevate both the upper and lower limits of these ranges. 

Since turkeys lose some feather cover due to pecking and plucking it seems 
obvious that with a decrease of feathering, the insulation of the body shell 
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decreases and the heat loss increases. Nichelmann et al. (1986) carried out a 
study on the influence of feather cover on heat balance in laying hens (Gallus 
gallus) and found that in the case of defective feathering and increasing wind 
speed a change in the ambient temperature of 1 K leads to the same change in 
heat production as a change of 3 K in well-feathered hens living in a wind speed 
of 0.2 m/s. Thus a temperature change of 1K under conditions of increased 
wind speed and complete loss of feather cover are identical to an “effective 
ambient temperature” (EAT) change of 3.0 K. They also showed that for 
example the heat production of unfeathered hens at 40C is as high as that of 
those with complete feathering at 9C. So, the overall condition of the bird’s 
plumage is of great importance in terms of the climatic situation on transports. 
However, there are some more factors such as age, wind speed and relative 
humidity which influences the non-evaporative and evaporative heat loss of 
turkeys as explained in the mathematical equation of Jurkschat et al. (1986).  

The degree of thermal stress experienced by birds in transit depends on the 
duration and intensity of heat and cold stressors. The numerous variables 
associated with animal transport make it difficult to quantify thermal stress 
experienced by the birds and difficult to design transporters and warning 
systems to minimize such stress. In hot weather transporters should be stocked 
less densely and leave a row of crates empty. Side curtains are used as 
protection against precipitation, wind, solar radiation and increasingly to hide 
the birds from public view. However, even in winter, curtains often restrict 
ventilation and excessive heat and moisture levels build up around the birds. 

Therefore, efficient ventilation is crucial for the welfare and health of turkeys on 
transport vehicles in winter and in summer. Experiences in the Netherlands 
show that the ventilation rate in turkey barns should be twice of that in broiler 
houses. Tüller (1997) recommends 5 to 7 m³/kg body mass and hour in turkey 
barns to prevent heat stress. Most important is that the enthalpy of the air 
around the animals does not exceed 67 kJ per kg of dry air, values higher than 
72 kJ are fatal (Guidelines to prevent heat stress in turkey barns, Ministry of 
Agriculture, Fisheries and Food, Lower Saxony).  It seems that it may be useful 
to work along these empirical figures to elaborate recommendations for the 
micro-climate on turkey transporters, for summer conditions in particular. Such 
threshold values will be also helpful for the design of waiting conditions on 
lorries at the abattoir. Specially ventilated waiting halls or areas help to lower 
the temperature stress of the birds. 

Waiting conditions on the lorry can render the animals vulnerable to severe 
weather conditions. During hot and humid weather driving can reduce heat 
problems by forcing the air flow in the lorry. 

 

7.7. Post-transport handling 

7.7.1. Resting time before slaughter 

Van Hoof (1979) found that birds which rested for 24 hrs following 
transportation had lower glycogen and ATP levels at the moment of slaughter 
than non-rested birds. He also states that application of a proper stunning 
procedure was highly effective in preventing peri- and post-mortem muscle 
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stress reactions. The use of low light conditions during the waiting time before 
slaughter reduces stress and further feed withdrawal for the bird 
(Uijttenboogaart 1999). 

7.7.2. Carcass damage 

Downgrading of turkey carcasses reduces carcass value, especially when whole 
carcass turkeys are in demand. Turkeys must have an intact carcass free of 
blemishes and unsightly lesions to qualify for Grade A. Conditions such as 
bruising, skin tearing, skin infections or ulcers, severe scratches, fractures of 
legs or wings, and other defects require the removal of affected parts, and 
therefore, reduce the grade.  

Although little work on the damage inflicted on turkeys during handling, 
transport, and unloading has been done, a Canadian study (McEwen and Barbut 
1992) did find high rates of carcass damage among turkeys. For example, 10% 
of turkey toms had bruised legs. Turkeys of today are more susceptible to injury 
during handling than was true of their counterparts of several years ago, mainly 
because they are generally heavier, younger, and softer muscled (Barbut et al. 
1990). The reports about turkey downgrading because of bruising (blood in the 
tissue caused by trauma) and injury are influenced by such factors as raising 
the drinking and feeding equipment prior to catching, the driving or catching 
operation, loading the birds into the crates, transport to the processing plant, 
length of time on the truck, unloading, hanging on the shackles and flapping of 
the birds while on the shackles (Barbut et al. 1990). It is suggested that about 
80% of the bruising takes place within the last 12 to 24 hours of the birds lives 
(Goodwin 1986, Wesley 1986b, Hamdy et al. 1961). Any level of damage is not 
only a potential welfare threat but also can represent a financial penalty 
through downgrading and wastage, particularly for damage to the valuable 
breast area of the bird. It is estimated that downgrades from broken bones, 
strained joints, tears, cuts, haemorrhages and disease conditions cost the U.S. 
broiler and turkey industry more than 90 million US-dollars per year (Wesley 
1986a). 

Stress has also been implicated in producing a pale, soft and exudative (PSE) 
condition of turkey meat (Sosnicki et al. 1998). 

Barbut et al. (1990) underline the importance of the careful maintenance of the 
trucks and the smooth organisation to make sure that the birds are unloaded as 
quick as possible for stunning. Long hanging periods upside down after 
shackling which can last for up to 6 minutes are the main reason for high 
incidence of bruising. 

Main deaths are due to chronic heart muscle diseases and liver failure (e.g. 
Löliger and Torges 1977). 

7.7.3. PSE meat in turkeys 

The occurrence and economic importance of the PSE condition in poultry meat 
have been the subjects of few investigations. Studies dating back to the 1970s 
have indicated that stress and variations among birds can contribute to 
differences in the rate of post-mortem glycolysis. In these early studies, the 
researchers suggested that “turkey breast muscle is susceptible to a PSE-like 
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condition described in pork” (Van Hoof 1979) and “that pre-slaughter stress and 
struggle may affect the colour and textural characteristics of turkey meat” 
(Froning et al. 1978). Barbut (1996) found that 19% of the birds in his study 
would be classified as PSE-meat. He mentions that “overall, the study provided 
estimates of the PSE problem in commercial young turkey flocks and 
demonstrated the variation among flocks.” 

McKee and Sams (1997) studied the occurrence of PSE-meat in heat-stressed 
turkeys, since heat stress is one of the prominent ante-mortem stressors that 
elicits pale, soft, and exudative meat characteristics in stress-susceptible pigs. 
They found that the heat-stressed birds exhibited a faster pH decline and had 
higher R-values (R-value is an indirect measure of ATP depletion in the muscle; 
during rigor mortis development ATP in the muscle is depleted and the R-value 
increases.) that persisted through 24 h. The birds were also paler in colour and 
exhibited increased drip loss and cook loss when compared to controls. In 
addition, the heat-stressed birds had a higher frequency of abnormal birds than 
controls when birds were grouped as normal or abnormal. 

Owens et al. (2000 a) carried out a study to evaluate the ability of halothane to 
identify stress-susceptible turkeys prone to developing PSE meat when reared 
to market age and transported before slaughter. They found that approximately 
3.5% of the turkeys were sensitive to halothane at the age of 4 weeks. At the 
age of 20 weeks the halothane sensitive and the same number of halothane 
non-responders were transported in coops on a flatbed trailer for 2 hours and 
then immediately slaughtered upon arrival at the processing plant. There were 
no significant mean differences in any parameter measured between the two 
groups. These results suggest that either halothane response is only a limited 
predictor of PSE meat in turkeys or that transportation is not an appropriate 
stressor to induce the PSE condition. In another study carried out by Owens et 
al. (2000 b) two lines of turkeys, one selected for rapid overall growth and the 
other for large breast muscle yield, to evaluate the ability of halothane 
screening to identify stress-susceptible birds prone to developing PSE-meat 
when reared to marked age. Their results suggest that halothane sensitivity 
early in life is associated with heat stress susceptibility and the development of 
pale meat when birds are slaughtered at market age, they also suggest that 
halothane screening may be better at predicting the development of PSE meat 
during heat stress in the strain selected for large breast yield rather than rapid 
overall growth. 

8. TRANSPORT OF DUCKS, GEESE, PIGEONS AND QUAIL 

8.1. Introduction 

Ducks, geese, pigeons and quail are increasingly accepted by consumers 
worldwide. Duck production in particular has risen in recent years. It is 
estimated that about 2 million ducks, both Beijing-ducks and Muscovy-ducks 
and 0.6 million geese are kept, e.g. in Germany, for commercial reasons. 
Considering these facts it is astonishing that there is relatively little literature on 
the transport of these birds. 
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8.2. Ducks and Geese  

Origin and domestication 

All domestic ducks, except the Muscovy, are descended from the wild mallard 
(Anas platyrhynchos), are given the same Latin name and were first 
domesticated in Southeast Asia or China at a very early date. Eighteen breeds 
are recognised in the UK and fourteen in America (American Poultry Association 
1989), varying in size from the Appleyard Bantam at 700 g to the Aylesbury at 
4.6 kg, with some commercial hybrids weighing up to 8 kg. Most ducks are kept 
for meat production but some, such as the Khaki Campbell and Indian Runner, 
are extremely prolific egg layers. 

The Muscovy (Cairina moschata) originated in South America, the domesticated 
form being similar to, but larger than, the wild species. Being of tropical rather 
than Palaearctic origin, it has a much lower body fat composition. Keeping in 
intensive commercial units is rather difficult because of high rates of feather 
pecking and cannibalism (Klemm et al., 1995). 

Domestic geese are descended from the Greylag (Anser anser); again they were 
domesticated in China or Southeast Asia, probably earlier than the duck. They 
were well known in Europe by 700 BC, as they are mentioned by the Greek poet 
Homer. The Crested Goose was valued by the Romans for guarding duties and 
reputedly saved the Capitol from the Gauls in 390 BC by raising the alarm 
(Thompson 1964). Eleven breeds are listed by May and Hawksworth (1982) and 
by the American Poultry Association (1989). 

Transportation 

The capture, transportation and slaughter of ducks is much the same as other 
poultry, however research has indicated that they require a much stronger 
electric current to ensure a humane stun (www.animalsaustralia.org). They are 
slaughtered at around eight weeks of age. Carcass damage can occur when the 
ducks try to escape catching and run over the back of other animals causing 
scratches and injuries which reduces carcass quality. There are no scientific 
reports on optimal transport time. It is suggested that 4 h – similar to turkeys – 
seem to be an appropriate choice. 

Stress-induced endogenous microbial contamination 

Endogenous microbial contamination of slaughter animals can be induced by 
pre-mortem stress situations. Mengert et al. (1998) tested whether and to what 
extent pre-slaughter stress can lead to Muscovy ducks being endogenously 
contaminated. They observed the rate of contamination of the stressed 
Muskovy ducks (55.6%) to be significantly higher than the rate of the control 
group (23.2%). A connection between pre-slaughter stress and the level of 
bacterial contamination of the carcasses is inferred, with animal transport 
being the major stress factor in combination with thermal stress. Therefore it is 
necessary to stop feeding 8 to 10 h before transport. Usually fasting starts in 
the evening before the slaughter day. Loading and unloading happens mostly 
early in the morning before dawn. Nevertheless, that means that the animals 
are deprived of food for sometimes more than 12 to 14 h before slaughter.  
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8.3. Pigeons 

Origin and Domestication 

Domestic pigeons are derived from the rock dove (Columba livia) and have been 
domesticated for at least 5000 years. Images of pigeons dating from 3100 BC 
have been found in Egypt (Thompson 1964). They were originally kept for eating 
and only later were selected for their homing ability. 

Housing 

Pigeons are housed in pairs in shacks of about 10 to 20 pigeons. Outside the 
mating season male and female pigeons are separated into different shacks. 
Pigeons are also separated into groups of young pigeons (up to 10- 12 months) 
and old pigeons (over one year and having experienced at least one racing 
season.) 

Transportation 

Racing pigeons (Columba livia) participating in homing contests are transported 
from the home loft to the release site at a high stocking density. Dutch 
transport guidelines suggest transporting pigeons at a space allowance of 225 
to 300 sqcm per bird (Gorssen and Koene 1997). Transport conditions are not 
only affected by high stocking densities but, since the racing season ranges 
from April to September, inadequate climatic control of the transport vehicle 
may put the pigeons at risk of heat exposure during summer. In addition, water 
deprivation for a period of 12 to 24 hours may occur (Gorssen et al. 1993). 
Marder (1983) noted increased aggression in heat-exposed pigeons. A 
combination of heat exposure and water deprivation results in dehydration of 
pigeons (Arad et al. 1987). In addition to that during transportation, the 
pigeons` behaviour might be affected by the motion, noise and vibration 
associated with a driving vehicle and during racing pigeon contests the time 
pigeons spend in a stationary truck with the engine off is considerable and this 
may also affect their behaviour (Gorssen and Koene 1997). These stationary 
periods include the waiting time before departure of the vehicle and especially 
the time between arrival at the release site and final release of the birds. 
Adverse weather conditions at the release site or between the release site and 
the home site often delay the moment of release by several hours or even days 
(Gorssen and Koene 1997). 

Scope et al. (2002) carried out a study on the influence of stress from transport 
and handling on haematological and clinical chemistry blood measures in 
racing pigeons (Columba livia domestica). They found that stress has an 
influence on some blood variables in racing pigeons, though within 3 hr, most 
values did not exceed the reference ranges. The quality and extent of any 
changes are likely to depend on the severity, type, and duration of stressful 
events, like transport and handling. Assessment of these facts is difficult if not 
impossible and may differ in individual cases and, therefore, can hardly be 
standardised. 

Gorssen et al. (1997) carried out a study on how water deprivation and thermal 
stress affect racing pigeons during transport. They concluded that 32°C is the 
upper critical temperature for pigeons housed under transport conditions. When 
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pigeons have access to water (Gorssen et al. 1997), the variation in body weight 
loss within a group increases above the upper critical temperature. Water 
deprivation increases heat production, body weight loss, and dry matter content 
of the breast section at temperatures above the upper critical temperature. The 
resulting dehydrated state probably reduces the flying capacity of the pigeons. 
Hence, water deprivation and heat exposure during transport for homing 
contests may increase bird losses. 

8.4. Quail 

The Japanese quail is becoming an increasingly popular and important 
agricultural species world-wide. For example, egg production exceeds 18 billion 
a year in Japan and at least 2 million birds per week are slaughtered for the 
table in France. Quail farming is also growing in Britain. 

Origin and Domestication 

Two species of quail are kept: the Japanese quail (Coturnix coturnix japonica) 
which has been divergently selected for egg production on the one hand and 
meat yield on the other, and the bobwhite quail (Colinus virginianus) in America. 
The Japanese quail has assumed importance worldwide as a laboratory animal 
and is also commercially exploited for meat and egg production. In their 
intensively farmed conditions however, they suffer acute stress, attacking each 
other by pecking out feathers and sometimes eyes. Its distinct characteristics 
include fast growth, early sexual maturity, short generation interval, high rate of 
lay, and less fed and space requirements per bird than those for chicken. In 
their natural environment the wild and timid birds live amongst grasses and 
bushes. Small size, rapid growth and early onset of egg production enable quail 
enterprises to be established with a low capital outlay, and to start generating 
income quite quickly. Commercial quail farming is therefore becoming more 
popular and is being increasingly promoted in a number of Asian countries 
including Japan, China, North and South Korea, Hong Kong, Taiwan, Singapore 
and the Philippines (Itoh et al. 1981, Hertrampf 1987). 

Transportation and slaughter 

There is hardly any literature on the transport of quail.  

Male Japanese quail are taken to be slaughtered by five weeks of age and 
females at six weeks of age, when they weight between 151 and 192g (Torges 
and Wegner 1984). Panda et al. (1987) found five weeks to be the ideal 
slaughter age for both male and female quail from the viewpoints of high 
economic return and meat palatability. 

Jones et al. (1979) reported that feed withdrawal for 15 h prior to slaughter 
resulted in 10% reduction in body weight of Coturnix quail. Singh et al. (1980) 
found 8.4% and 7.0% weight loss in the live weights of the quail (both sexes) at 
five and eight weeks respectively following 12 h feed withdrawal before 
slaughter. Becker et al. (1985) withheld feed for 6, 12, 24 and 48 h prior to 
slaughter and reported 5.5, 9.3, 10.2 and 16.7% weight loss respectively in the 
live weight of 7-week-old male quail. 
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Equipment used for the processing of chickens could be reduced in scale to 
process quail. However, young quail have tender skin and fragile bones, 
necessitating careful handling to minimise processing damage (Panda and 
Singh 1990).   

9. TRANSPORT OF OSTRICH AND OTHER RATITES  

9.1. Ostrich farming 

In their regions of origin, sub-Saharan Africa, farming of ostriches has a long 
history, the first commercial production being undertaken in South Africa in 
the mid-nineteenth century (Stewart 1992; Batty 1994). Nowadays, ostrich 
farming is world-wide, currently being promoted in some European countries 
as alternative form of agriculture, with production of leather, feathers and 
meat (McKeegan and Deeming 1997). However, whilst there have been 
several studies on the behaviour of ostriches in the wild (Sauer and Sauer 
1966; Bertram 1980; Bertram 1992; Berendsen 1995) little information on 
the welfare of ostriches in captivity is available. Few studies have been carried 
out in farming situations (Berendsen 1995; Lambert et al. 1995; Bubier et al. 
1996; Degen et al. 1989; McKeegan and Deeming 1997; Deeming 1998; 
Deeming and Bubier 1999).  

Ostriches are diurnal animals, most of the birds being mainly inactive at night 
(Deeming and Bubier 1999). Maintenance behaviours, such as yawning and 
stretching, usually take place after waking. Wild ostriches are gregarious 
animals, forming flexible groups of mixed gender and age, based on family 
units of 10 or more birds, characterised by a hierarchy headed by an adult 
male or ‘major’ female (Deeming and Bubier 1999). Sometime, family groups 
may join with others establishing large herds, where females usually occupy 
low rank positions.  

Whilst ostriches are regarded as physically hardy birds, resistant to a range of 
environments, they are very social animals and relatively minor changes in their 
social structure or surroundings can result in stress related disorders (Stewart 
1994). Stress induced behavioural changes may result in accompanying major 
physiological disturbances such as immune-suppression, nutrient 
malabsorption, diarrhoea, protein catabolism, weight loss, retarded growth, 
poor feather quality and reproductive suppression (Stewart, 1994). A major 
behavioural disorder is aberrant pecking, directed to the ground or objects, their 
own or group-mate feathers, toe and face, and even into the air (Berendsen 
1995; Sambraus 1995; Bubier et al. 1996; Stewart 1994; Samson 1996). 
Whilst feather pecking is often described as “aggressive” (Samson, 1996) it 
may actually be part of the “functional system of eating behaviour” (Berendsen 
1995; Sambraus 1995; 1996). Other frequently observed abnormal behaviours 
in ostriches of all ages are pacing, calling and disrupted sleep patterns and 
“pica” or “dietary indiscretion”, which means the ingestion of objects or 
substances other than normal foodstuffs (Stewart, 1994; Samson, 1996). 
Ostriches commonly suffer impaction of the proventriculus and gastric stasis 
and perforation as a consequence of swallowing sharp or bulky objects. Stress 
is thought to be a major cause of pica and ingestion of foreign bodies will often 
occur after a change in the social or physical environment (Stewart, 1994; 
Deeming and Dick, 1995; Samson, 1996). Other reported aberrant behaviours 
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include “stargazing” which presents as a partial opisthotonus, a retraction of the 
head or backward arching of the neck causing difficulties in feeding and 
drinking (Samson, 1996). Confinement stress seems to be the main cause of 
this behaviour and the absence of a more pathological basis can be confirmed 
by placing affected birds outside, the condition, and then rapidly disappears. 
Ratites are very sensitive to sound (SCECPAFP, 2003). 

9.2. Isolation and mixing 

Little is known about agonistic behaviour in farmed ostriches. Aggressive 
encounters have been recorded by adolescent males against females or by 
adults towards younger chicks (Deeming and Bubier, 1999). True aggression 
may be exhibited by farmed ostriches of all ages towards a stranger introduced 
into a group (Stewart, 1994). The aggressors may chase, kick and peck at the 
head of the alien bird and later the aggression may subside into threats 
including hissing and posturing. In a study on pecking behaviour in ostrich 
chicks (up to 5 weeks of age), pecking order and growth rate were negatively 
correlated and aggression was interpreted as an expression of misdirected 
feeding or pathological behaviour which prevented proper food intake (Lambert 
et al., 1995).  

In general, ostriches tend to avoid contact with other animals, almost 75% of 
their interspecific behaviour being neutral. Rare agonistic encounters with other 
species are mainly due to defence (Deeming and Bubier, 1999). Ostriches 
raised on farms may be imprinted on humans. 

Kamau et al., (2002) studied the effects of mixing and translocation of 
juvenile ostriches on the heterophil to lymphocyte ratio, as a consequence of 
glucocorticoid release or administration. A progressive increase of this ratio 
was observed after the application of these operations, changing from 0.27 
and 0.37 on days 4 and 2, respectively, before mixing and translocation, to 
0.53 and 0.84 on days 2 and 4, respectively, after translocation. The authors 
concluded that mixing and translocation of the ostriches led to stress, which 
may predispose to the development of impaction of the proventriculus. Since 
ostrich chicks are known to bond to people and other animals, Kamau et al., 
(2002) recommended maintaining together the same group of birds, as well 
as gradually introducing them to new environments and, as far as possible, 
maintaining the same personnel taking care of them. Similar advice for the 
management of rheas has been given (Frasnca and Khan, 1997). These 
management practices should be applied also for transport, where birds from 
different groups should not be mixed together (Wotton and Hewitt, 1999). 
Incidence of aggressive behaviour was shown to be correlated with the 
number of people involved into handling operations (Reiner et al., 1996). 
Therefore, it has been suggested that restricting the number of handlers 
would promote ostrich welfare, as well as involving their own stockman, since 
they become stressed by a change in routine (FACW, 1993; Wotton and 
Hewitt, 1999). Feed bucket training is easy in ostriches, and it may be of help 
in leading them into the transport vehicle (Wotton and Hewitt, 1999).   

9.3. Pre-transport preparation and handling (loading and unloading) 

The welfare of ostriches at handling is another area upon which little 
information is available. Few scientific studies have been undertaken to 
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compare the stress-induced or welfare effects of different handling procedures 
or techniques (Reiner et al. 1996; Diverio et al. 2003). Clearly handling and 
transport are intimately linked and some general recommendations have 
been made (FAWC 1993; CE 1997). Adult ostriches are large animals but can 
be easily frightened and if allowed to panic and run at high speed they can 
suffer serious injury due to collision with fences, vehicles and other 
agricultural equipment. They also represent a serious hazard to the handlers.  

Frequent handling of young birds leads them to become accustomed to 
human contact. Ostriches are easier to handle as a group than as individuals 
(Reiner et al. 1996), showing strong flocking behaviour, particularly when 
young, which can be useful when they are being loaded or unloaded (Wotton 
and Hewitt 1999). Small birds can be picked up whilst supporting the body. 
Raines (1998) recommended not to restrain young chicks only by legs or held 
upside down, but supporting them in a sternal position with legs tucked in the 
arm of the handler. For transport over long distances they can be wrapped in a 
towel secured with sticky tape. Chicks can be transported in dog crates 
provided with non-skid flooring or bedding (Raines, 1998). Juvenile chicks can 
be retrained by positioning their body between the handler’s legs, holding the 
wing by the humerus, and the front of the bird by the breast plate (Raines 
1998). These methods are in agreement with the recommendations reported 
in the Appendix 2 of SCECPAFP (2003), as technical details for the catching 
and handling ratites. 

 
Ostriches may be loaded by driving on to vehicles if tame enough. However, 
many animals are captured and restrained by human handlers. Capture will 
always result in poor welfare but since it is widely used at present, details of 
methodology are presented here. 
There are essentially three methods for capturing adult ostriches: while 
feeding, attracting them by food in a paddock or by the use of a hook. This 
device consists of an aluminium wire ring of 10-12 mm used to get hold of the 
neck of the ostrich (Veronesi et al., 2000). The hook is largely used because it 
makes capture easier and it allows a hood to be put over the head more 
rapidly. However, often this capture method implies excessive distress to the 
birds, because they have to be chased around in the paddock. In a comparative 
study of the stress response related to two different methods of capture (by 
hook or food attraction), transport and slaughter in farmed ostriches, the hook 
capture was shown to be the most aversive treatment (Diverio et al., 2003). In 
particular, hook captured ostriches compared with food attracted birds showed 
higher corticosterone, AST and a tendency to record higher ALT, LDH and CK 
activities, probably because of a greater physical exertion elicited by pursuit, 
escape attempts and prolonged capture times, (Diverio et al., 2003). According 
to Raines (1998) hooks should not be used, because of potential trauma to the 
ostrich’s neck and head, such as high incidence of tracheal lacerations or death 
due to misapplication during capture. He suggested the use of ostrich chutes 
instead, or any kind of physical restraint devices, but the presence of an 
experienced handler and a smooth corner are essential for proper handling an 
adult bird (Raines, 1998).  
SCECPAFP (2003) recommendations for capture of ratites reported that: “In 
general, guidance and approach should be from behind. However, when a 
shepherd’s crook is used in selecting a mature bird from a group, this should 
be done from the front. The crook should be used to hook the bird around the 
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neck just below the head, and to pull its head down to below back level. The 
bird can then be retrained by placing the thumb of one hand in the side of beak 
while holding the back of the bird’s head low with the other hand. This will 
prevent the bird kicking forward. When catching and holding birds by the neck, 
great care must be taken to avoid damaging the neck. Birds should be 
prevented from moving backwards.     
 
These findings agree with Veronesi et al. (2000), who suggested that the best 
way to capture ostriches is to entice them around the feeding trough, then 
grabbing the neck with one hand and immediately put a hood over their head. 
The animals can be attracted by their favourite food and then gathered in a 
long and narrow fenced-off area (not higher than 140-150cm) ending with a 
small triangular pen (about 1 m2/head) enclosed with sturdy and attached 
boards. These must not have spaces in order to prevent the ostriches from 
getting their feet or wings caught in the spares thus injuring themselves or 
trying to climb up and escape (Veronesi et al., 2000). From here, a loading 
ramp surrounded by sturdy sides can give direct access to the means of 
transport (Veronesi et al., 2000). Hallam (1992) recommended the use of a 
central holding pen (10 x 20m), from where the birds could be herded in a 
squeeze pen and therefore driven as a group or restrained individually (Wotton 
and Hewitt, 1999).The recommendation of the SCECPAFP (2003) is always 
restraining adult birds by standing astride the back, holding its body with 
handler’s legs placed between the wings, and with hands around the chest or 
base of the neck area. At least three people are required to restrain an adult 
animal (Veronesi et al., 2000).  

Hooding the animals at capture is commonly used to facilitate handling and 
loading operations (Veronesi et al., 2000). Throwing a cloth hood over the 
ostrich’s head, taking care not to obstruct the nostrils, makes animals easier 
to be handled, because it disorientates them, and induces a “freezing” 
response, characterised by extremely low heart rate. However, while hooding 
provides restraint, it may also significantly stress the birds (Crowther, 2001). 
Hooded ostriches are reluctant to move even if guided by handlers, probably 
because of a fear of falling (Crowther, 2001). Once moving, the ostriches’ gait 
is usually unwieldy and similar to a rapid stomping action (Wotton and Lewitt 
1999; Crowther, 2001). When ostriches refuse to move when hooded and 
restrained, two operators could load them by turning them around and 
backing them up (Raines, 1998). When ostriches are transported, the FAWC 
(1993) suggested removing all the hoods at the same time, before the 
departure of the vehicle. Similarly, SCECPAFP (2003) recommended that 
hoods should not be left on for longer than is absolutely necessary.  

Handling and transport in low light may be beneficial, since darkness seems 
to have a calming effect on birds and encourages them to sit down reducing 
the impact of vibrations and movement (Wotton and Hewitt 1999; Crowther 
2001). Adult ostriches can also be restrained by gripping the corner 
commissure of the mouth, but this, if excessive force is used, can severely 
injure the bird causing neck dislocation. Sometimes, repeated head shaking, 
which should disorient the animal, is used for restraining difficult birds, but 
this is not always effective (Wotton and Hewitt 1999). 

The use of some tranquillizers, such as haloperidol, gave some positive 
preliminary results in reducing excitement during capture and sea transport in 
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four adult ostriches, and it might be of use also for preventing stereotypical 
behaviours such as stargazing (Pfitzer and Lambrechts 2001). However, any 
necessity for use of such a drug is an indication that welfare is poor when the 
method of handling and management are used. Since this behaviour seems to 
be a consequence of stress and insufficient light (Samson 1996), it has been 
recommended that sufficient light should be provided during long-distance 
transport of ostriches (Pfitzer and Lambrechts 2001). This is in contrast with 
previous recommendations of transporting ostriches at night, since they 
respond well to totally darkened environments (Crowther 2001). Travelling in 
the dark seems also to eliminate the risk of ostriches eating the bedding, 
which may lead to proventricular impaction (Veronesi et al. 2000).  

Loading ramps are commonly used for ostriches. However, since these birds 
will strongly resist loading when driven up steep ramps, loading preferably 
carried out on the level (no more than a 25° angle ramp) has been 
recommended (Payne, 1993). In MAFF (1997; 1998) recommendations it is 
indicated the used of a ramp angle not greater than 33°. However, both of 
these ramp angles are likely to cause problems for some birds which would 
not be caused by a level loading method or a ramp slope of 20° or less.  In 
order to allow the passage of the bird and the three handlers, the loading 
ramp has to be at least 3m wide (Hallam, 1992), and provided with solid sides 
to preventing from falling off (Wotton and Hewitt, 1999). Ostriches can be led 
forwards up the ramp, or more commonly reversed backwards (Wotton and 
Hewitt, 1999). For unloading, covering the ramp and the ground with bedding 
material seems to encourage the birds to walk without too much hesitation 
(Bryden W., personal communication in Wotton and Hewitt 1999).  They can 
be unloaded as a group or individually driven out after previous hooding 
(Wotton and Hewitt 1999). 

9.4. Journey management 

MAFF (1997) reported that “The Council of Europe document pointed out that 
ostriches, emu and rheas are ‘extremely susceptible to stress’ and that the 
prevention of stress in these birds is ‘of utmost importance’…” and made 
specific recommendations on a range of management procedures. However, 
despite the obvious importance of transportation of ostriches for relocation for 
breeding or rearing or to sites of slaughter little published information is 
available relating to the topic.  

Vehicle design 

Road transport of ostriches may be carried out on a number of vehicle types. 
Often modified cattle transporters may be employed divided into pens. In one 
study where juvenile birds were transported in this manner in pens (1.8 x 
2.5m) containing 8 birds each, raised respiratory rates were noted 
accompanied by behavioural signs of distress, including neck twisting and 
other inappropriate behaviour (Payne 1993; 1994). The internal temperature 
at this time was 18C and relative humidity 89%. It may be proposed that the 
adverse reaction of the birds was a consequence of the loading procedures, 
the novelty of the environment and the imposed thermal load. In a recent 
study 50 ten month old ostriches were transported on a commercial vehicle, 
in pen groups of 10 individuals, for a period of 4.5 hours (Mitchell et al. 
1996b). Despite a ventilation rate which maintained only a 1.0C lift over 
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ambient in the transport compartment, physiological and metabolic 
measurements indicated that the birds experienced substantial stress during 
the journey. They exhibited depletion and utilisation of energy stores, 
dehydration, stress induced myopathy and marked activation of the 
hypothalamo-adenohypophyseal-adrenocortical axis. Concomitant video-
recording of the ostriches behaviour throughout the journey revealed some 
unusual and aberrant behaviours, such head bobbing, arching of the neck and 
staring upwards  (Mitchell and Kettlewell - unpublished results). The motion of 
the vehicle caused significant postural instability and sudden braking or 
accelerations caused disturbances and panic amongst the standing birds. 
Most birds attempted to stand throughout the journey. Another stimulus which 
seemed to influence behaviour was visual contact with the outside world and 
passing objects and vehicles clearly upset the birds. This was also true of 
humans approaching the vehicle when it was stationary (Mitchell et al. 
1996b).  

According to Veronesi et al., (2000), the best way of transporting ostriches 
aged around 4-5 months is on horse trailers, as they have a low loading board 
which facilitate loading/unloading operations, plus their low centre of gravity 
do not unbalance the animals. However, small horse trailers often have very 
poor suspension systems in relation to large, well-designed animal transport 
vehicles. Since ostriches are bipedal, with a high centre of gravity, particularly 
when adult, if they are not penned separately or have sufficient space to sit 
down, they may have to stand throughout the journey (Wotton and Hewitt, 
1999; Mitchell et al., 1996b). In South Africa, the use of specific dividers is 
obligatory for emu transport, to facilitate loading and unloading (Veronesi et 
al., 2000). Individual penning is particularly suggested in case of adult mature 
males, young flighty birds or those with foot defect, but it should always allow 
them remaining in sight of other birds (Wotton and Hewitt, 1999).  
Lorries specific for transporting a large number of ostriches are also available, 
characterised by a loading compartment split-up into individual divided parts 
using special transport crates (Veronesi et al., 2000). Lorries commonly used 
for other large animals can be adapted, where the loading ramp leads to the 
rear door, and the divider panels, hinged to one side, are opened and closed 
during the loading and unloading operations (Veronesi et al. 2000).  
In South Africa, specially-built trailers with individual compartments are used 
for transporting 8 to 10 adult ostriches, whereas up to 24 birds can be 
transported over long distances in adapted stock lorries (Raines 1998). In any 
case, walls and floors are padded to prevent trauma, and air-conditioning is 
installed to keep birds cool (Raines 1998).  
For transporting chicks up to few weeks old, it is necessary to prevent them 
from injuring themselves against the sides of the mean of transport (box) and 
to provide adequate bedding, since they may foul the floor with diarrhoea 
(Veronesi et al. 2000). It is more difficult with chicks older than three months, 
since they are too big to fit in a box and too small for a large vehicle. 

 

Travel times (and road type) 

According to MAFF (1998) and AATA Manual for the Transportation of Live 
Animals by Road 1996 (Harris, 1996), food and water should be provided on 
journeys lasting more than 12 hours. On long journeys if a vehicle carrying 
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ostriches stops for 8 hours in any 24-hour period, preferably at night, the birds 
may be fed, watered and rested. 

If breeder females are transported, there is the risk of internal trauma with 
consequent splitting of the egg inside the egg-tract (Veronesi et al., 2000). 
Furthermore, transport during spring or summer can cause other production 
losses, since distressed breeder females would not lay eggs for one or two 
months (Veronesi et al., 2000). 

Veronesi et al., (2000) underlined the need to appropriately plan any ostrich 
transport. Short-distance journey may be carried out during the day-time, but 
for distances beyond 40-50 km evening or overnight is better, for both chicks 
and adults. This solution is the best in summer months.  
 

Space allowance 

Specific guidelines for the transport of ostriches are already available (DBV-
SPCA, 1996; MAFF, 1998). According to them, space allowances should reflect 
age and size of the birds ranging from 0.1m2 for one month old birds to 0.75m2 
for adults. However, these figures are not based on scientific studies of ostrich 
welfare.  Chicks may be transported in groups of 4-6 per small crate 
compartment, because there is a danger of birds being smothered if kept in 
large groups (Wotton and Hewitt, 1999). Harris (1996) suggested that group 
sizes should be restricted to 8 up 12 birds per pen for juvenile (from 3 to 18 
months) and of maximum seven in case of adult birds, since when overcrowded 
in large groups, they tend to clump into corners, with the risk of asphyxia or 
dislocation of the neck. No specific recommendations on stocking densities for 
the transport of chicks are available. Age group should not be mixed for 
transportation. According to Wotton and Hewitt (1999), to prevent ostriches 
being trampled or smothered, it’s important that each bird has enough space to 
sit down, particularly if it is not individually penned.   

Transport by air 

Ostriches are frequently moved across continents by air and subsequently are 
transported by road over varying distances. It has been reported that on a long 
flight (6.5 hours) birds housed in purpose built wooden crates and with 
environmental temperature controlled to 18C generally “travelled well with no 
obvious ill effects” (Payne 1993; 1994). A degree of agitation and distress was 
apparent early in the flight in some birds and there was a risk of trauma as 
these individuals jumped around in the compartments. Each palate-sized 
crate (3.30 x 2.25 x 2.13m) was divided into 8 compartments each holding 
one bird. The space allowance per bird was thus 0.79m2 x 2m high. The 
thermostat for the animal hold was set at 18C and regulated by controlled 
ventilation. The temperature in the crates was maintained between 18-20C 
and relative humidity was generally kept below 50% (Payne 1993; 1994). This 
is important as high temperature-high humidity combinations are particularly 
damaging in animals relying upon evaporative cooling (Mitchell and 
Kettlewell, 1998). Under the controlled conditions, by employing low light 
levels, none of the birds exhibited signs of heat stress (Payne 1993; 1994). 

Floor type 
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Large amounts of urine and viscous faeces can be excreted by ostriches, 
which can a form a slippery surface on the floor. Contrasting indications on 
different use and type of appropriate bedding inside the vehicle, according to 
the age of the birds, have been reported. In ostrich transport, sand and straw 
bedding are most commonly used, but whereas these seem to be suitable in 
adult birds, in chicks, as a consequence of the transport stress, there is the 
risk they consume large quantities of these bedding material (Wotton and 
Hewitt, 1999). In particular, the use of soft sand as bedding is no longer 
recommended in ostrich chicks since they have been found to ingest it. 
Otherwise, sand bedding can be used in adult birds, providing it is tick enough 
to adsorb their dropping during the journey (Wotton and Hewitt, 1999). 
Different indications have been given to the use of straw as bedding, for 
avoiding ingestion and preventing impaction: not to chop it (Wotton and 
Hewitt, 1999) or to short chop it as 30-50mm long (Mitchell M., personal 
communication). However, chopped straw should not be used for transporting 
chicks (Wotton and Hewitt, 1999).  
Specific guidelines for bedding and fodder chop for housing ratites have been 
given (SCECPAFP, 2003), as follow reported:  
“Bedding should preferably not be used for chicks under three weeks of age. If 
it is used it must be in small quantities.” 
 
Table 9.4.1. 
Height of ratite Size of bedding or fodder chop 
< 30 cm 5 - 10 mm 
30 – 45 cm 10 –15 mm 
45 –60 cm 15 – 20 mm 
60 – 77 cm 20 – 25 mm 
75 cm – 1 m 25 –30 mm 
1 – 1.5 m 30 –35 mm 
> 1.5 m 35 – 50 mm 

                  (from SCECPAFP, 2003). 
 

Thermal conditions 

The ostrich is obviously extremely well adapted to the climatic environments 
prevailing in the African regions, in which the species is indigenous and 
tolerates well hot arid conditions and cooler wet sub-tropical zones (Sauer and 
Sauer, 1966b). Stewart (1994) asserts that the birds are very hardy and “can 
be successfully bred and reared in environmental extremes from desert heat 
to winter snows”. Ostriches, in contrast to most birds, have body temperatures 
below 40C and in the range of the eutherian mammals. The normal body 
temperature of the adult ostrich (body weight of up to 120 kg), measured in 
the rectum, is 38.3C (Whittow, 1976). The highest environmental temperature 
for thermo-neutrality is 20C (Skadhauge, 1981).  
Ostriches exhibit a comprehensive repertoire of behavioural and physiological 
thermoregulatory strategies. During episodes of low environmental 
temperatures, to keep warm they bed down covering their legs with their 
wings to reduce heat loss and will alter piloerection (feather fluffing) to 
improve insulation (Stewart, 1994) and will shiver if body temperature starts 
to fall. However, ostriches can freeze to death outside even if they have access 
to a warm barn (Samson, 1996). Samson (1996) also reported “Trembling is a 
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behaviour that resembles shivering. It is often noticed in birds suffering from 
stress, such as, when confined or transported. Thus it is a manifestation of 
anxiety and should not automatically be interpreted as indication of 
hypothermia”. As ostriches lack a preen gland and thus may have poor 
waterproofing of the feather cover, then this may lead to a major disruption of 
the insulative properties of the plumage during wetting. This is known to 
increase heat loss markedly and cause profound hypothermia especially in 
conjunction with air movement, in other birds (Mitchell et al., 1997).  

In hot climates ostriches lose heat opening their wings and fluffing up their 
feathers to expose bare skin on their thorax and upper legs to enhance 
convective and radiative losses (Samson, 1996; Skadhauge and Dawson, 
1999). Piloerection is employed to increase insulation against heat gain 
(Calder and King, 1974). They have no sweat glands (Samson, 1996). An 
increase in insulative thickness of 7cm has been measured in adult ostriches 
during heat stress (Calder and King, 1974). Infrared thermography indicates 
that the ostrich employs the beak, neck, lower leg, feet and toes to specifically 
regulate heat exchange (Phillips and Sanborn, 1994). The most obvious 
response to heat exposure is panting and gular flutter which increase 
respiratory evaporative water loss and therefore heat loss (Calder and King, 
1974). Osmoregulation and thermoregulation are closely linked and the 
ostrich is well adapted in the co-ordination of these, sometimes, conflicting 
demands (Skadhauge, 1981; Skadhauge et al., 1996). Potent water 
reabsorption in the intestinal tract and kidney conserves water, which may be 
used in evaporative cooling. The emphasis on water conservation in the 
ostrich is hard to reconcile with the observation that the naked neck epidermis 
of the ostrich has poor “waterproofing” and does not constitute an effective 
barrier to water loss (Menon et al., 1996). In fact, ostriches lack a preen gland 
and so do not have the ability to oil their feathers to provide a waterproof 
plumage (SCECPAFP, 2003).   

It was argued that in birds relying on Cutaneous Water Loss (CWL) for 
thermoregulation the presence of such a barrier would compromise heat loss, 
however, the ostrich has such effective Respiratory Evaporation Water loss by 
panting (REWL) that CWL may not be important during moderate heat stress. 
Indeed in a fully hydrated, adult ostrich at environmental temperatures up to 
35C all significant evaporation is respiratory and REWL represents 98% of 
total evaporative heat losses (TEWL) (Calder and King 1974). In severe heat 
stress, particularly if air temperature exceeds body temperature (Ta > 40C), 
CWL may become more important but a 100 kg ostrich is capable of 
evaporating (TEWL) 11.0g of water per minute under these conditions, which 
is 100% of the heat dissipation and will adequately regulate deep body 
temperature (Calder and King 1974; Whittow 1976; Skadhauge 1981). So 
effective are the thermoregulatory mechanisms in the ostrich that “true 
hyperthermia”, where body temperature is regulated 2-4C above the normal 
value, is rarely seen in these birds (Calder and King, 1974).  

In many birds the thermal polypnea (panting) during heat stress may lead to 
excessive pulmonary ventilation and acid-base disturbances, specifically 
hypocapnic alkalosis due to loss of carbon dioxide (Phillips et al. 1985). Even 
in severe heat stress there is minimal alteration in arterial pCO2 in the ostrich 
indicating that most of the ventilation is acting in thermoregulation and little 
is passing over the gas exchange surfaces of the lung (Phillips et al., 1985). 
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This may also lead to small reductions in oxygenation. Ostriches thus rely 
upon active heat dissipation during thermal stress rather than heat storage, 
which is employed by many other animals for purposes of water conservation 
(Calder and King, 1974). The option selected in the evolution of the ostrich is 
to employ this water to lose the heat and to maintain a very stable deep body 
temperature. In the above conditions, and if heat stress persisted over many 
hours, then addition of the basal water loss and the demands imposed by 
thermoregulation indicate that the bird would require 4-5 litres of water per 
day. 

In an animal relying heavily upon evaporative cooling, the ambient humidity is 
an important factor as the efficiency of evaporation depends upon the 
gradient of water vapour density between the evaporating surface (e.g. the 
respiratory tract) and the air (Mitchell and Kettlewell 1998). Rises of humidity 
may impair evaporative heat loss; therefore artificial environments should be 
ventilated with a view to removing heat as well as water vapour. When 
considering the thermal environment of ostriches in commercial production, 
particularly during transportation, then ventilation rates have to be calculated 
upon a sound scientific basis (McKeegan and Deeming, 1997).  

A starting point may be knowledge the standard or basal and total metabolic 
rates (SMR, BMR or TMR) of the birds from which the mass air flows required 
to dissipate the heat load may be calculated. Estimates of SMR in ostriches 
are often based upon empirical relationships between body mass and heat 
production or oxygen consumption (Calder and King 1974) yielding values 
such as 114W for a 100 kg bird (Whittow 1976). Other studies (Withers 1983) 
using measurements of oxygen consumption suggest that the BMR of a 100 
kg ostrich is best described by:  

ml oxygen per hour = 389 kg.0.73 

The TMR in active fed birds may be at least 2-3 times the basal value as 
suggested by McKeegan and Deeming (1997). This is confirmed by calculation 
of the BMR of a 88.5 kg ostrich from the equation of Withers (1983), which 
gives a value of 57W and comparison with measures of field metabolic rate 
(FMR) in birds of this size, made by Williams et al., (1993), who reported a 
energy metabolism of 18040 kJ per day which equates to 209W (3.7 fold 
basal).  

Ventilation rates can therefore be calculated from 

Flow rate (m3 s-1) = total heat loss from animals (kJs-1) / dT x cp where  

dT = the acceptable temperature rise (C) 

cp = the specific heat capacity of air (kJ kgC-1), assuming a density of air of 
1.183 kg m-3.  

Thus, for 100kg captive ostriches with a metabolic heat production of 160W, 
airflow of 0.134m3 would be required for a 1.0 C acceptable rise in air 
temperature. Such information is extremely important in the development of 
controlled artificial environments for ostrich transportation, in order to match 
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conditions to the bird’s biological requirements and to minimise stress and 
improve welfare. 

The fan ventilation rate calculated as described above would maintain the 
internal environment within prescribed limits. If a maximum lift of 5C was 
designated for a single deck carrying 50 ostriches on than an absolute 
minimum ventilation rate of 1.34m3s-1 would be required. For the operational 
flexibility required in the range of climatic conditions encountered in 
commercial practice fans with a capacity of 4-5 m3s-1 are required to be 
installed.  

The control of temperature and ventilation is particularly important in case of 
chick transport, since they need to be kept at 35C for the first week of life, 
which temperature could be reduced by 3C in each following three weeks, 
thereafter chicks becoming increasingly resistant to climatic changes (Hallam, 
1992).  

9.5. Feeding and watering 

The ostrich is unusual in that it is a monogastric herbivore or “hind gut 
fermenter”, at least in the adult (Dean et al., 1994; Skadhauge et al., 1996). 
Some young birds may be supplementing their vegetable diet with insect 
protein (Milton and Dean, 1993). They need to consume stones and they are 
well known for their ability to swallow unusual objects (Deeming and Dick, 
1995; Deeming and Bubier, 1999). As consequences of environmental 
changes, stressed ostriches tend to pick up and eat a variety of harmful 
materials (Foggin, 1992). This may result in proventricular impaction (Wotton 
and Hewitt, 1999).  

Healthy ostriches drink relatively large amounts of water (up to 80 litres/day – 
Paleari et al., 1995). They have a scooping action when drinking, therefore 
water containers should have a surface area at least of 12 square inches 
(Wotton and Hewitt, 1999). During periods of water deprivation their kidney 
can conserve water by producing an extremely concentrated urine excreting 
urates (Levy et al., 1996). Therefore, an indicator of inadequate hydration is 
the appearance of white, thick, concentrated urine, a change in appearance 
that takes place within two days of water withdrawal (Levy et al., 1996). 
However, it must be taken in account that laying hens, which are not 
dehydrated, can show a similar discolouration (Levy et al., 1996). 

Wotton and Hewitt (1999) reported different management options for food 
and water withdrawal before transport, but all of them are taken from the 
practice or existing guidelines (Harris, 1996; DBV-SPCA, 1996; MAFF, 1998).  

They can be summarised as following: 

- complete food and water withdrawal but journey duration less than six 
hours; 

- for birds over 18 months – four hour food withdrawal but the journey not 
longer than 12 hours (Harris, 1996); 

- 12 hour food withdrawal before transport (used in the practice in South 
Africa); 
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- if the journey longer than 12 hours, light feeding the birds before departure 
and provision of water every 4.5 hours. However, ostriches seem to be 
reluctant to drink or eat during long journeys. According to Wotton and Hewitt, 
(1999), this might not represent a major concern because of the ostrich 
adaptation to desert environment makes them better able to face periods of 
water and food withdrawal. Notwithstanding their capability to stand long 
water withdrawal periods, by concentrating their urine, it is not known if this 
condition represents a psycho-physiological sufferance for the birds. 

Lairage  

There is a lack of scientific information on the effect of driving on transport 
stress, as well as of resting periods or lairage before slaughtering.  

According to Veronesi et al., (2000) a 24-hour lairage after transport, with only 
water provided, is beneficial to the ostriches to restore their muscle glycogen 
reserves and eliminate the lactic acid accumulated along the journey. If this 
resting period is not allowed before slaughtering, it could to excessive 
increases of pH meat with deterioration of carcase quality.  

Information on the slaughtering and nutritional value of the ostrich meat are 
reported in Paleari et al., (1995), on post-mortem pH decline in different 
muscles in Sales and Mellett (1996). In particular, the mean ultimate pH values 
seemed to greatly vary between different types of muscles, which factor was 
determinant for the rate and the extent of post-mortem pH decline (Sales and 
Mellett, 1996). pH values were within the normal range for poultry leg muscles, 
but since ostrich meat is darker in colour than beef,  comparison to red meat 
was considered more appropriated. On this basis, ostrich meat may be 
classified as an intermediate type between normal (pH < 5.8) and extreme DFD 
(pH > 6.2) (Sales and Mellett, 1996). In ostrich this condition seems to be due to 
the high proportion of muscle fibres adapted for glycogenolytic metabolism 
(Ashmore, 1974, cited in Sales and Mellett, 1996). 

9.6. Diseases 

Several pathological conditions would lead to particularly poor welfare during 
transport. Lower limb deformities, chiefly tibiotarsal rotation, are the most 
common causes of death in ostriches, followed by OFCS and salmonellosis 
(More, 1996; Ashash et al., 1996). Tibiotarsal rotation affects significant 
numbers of ostrich chicks (>5%) and rolled toes and phalangeal deformities 
can be observed in up to 25% of some batches of chicks (Dick and Deeming, 
1996), and have been reported elsewhere for “twisted leg” and “slipped 
tendon” (Allwright, 1995). The incidence of orthopaedic diseases in ostriches 
may constitute a major problem in commercial ratite production and transport 
(Gnad et al., 1996) and as such may develop into a major welfare issue much 
as it has in commercial poultry production. Paresis is a relatively common 
problem in captive young ostriches (Weisman et al., 1993). Viral diseases of 
avian in general affect ostriches also – e.g. avian influenza. This aspect is of 
major importance when considering possible disease transmission related to 
animal transport. 

Other nutritional problems resulting in pathology and poor welfare during 
transport include vitamin E-selenium deficiency (Van Heerden et al., 1983) 
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which may result in myopathy or nutritional muscular dystrophy (Vorster, 
1984). Stress induced myopathy responding to vitamin E treatment has been 
reported in other ratites (Patak and Baldwin, 1996). Incidents of nutritional 
myopathy in commercially reared ostriches have occurred, presenting paresis 
accompanied by greatly elevated CK activity and striping of skeletal muscle 
(Dick and Deeming, 1996).  

As with other species, a range of infectious diseases may be spread when 
ratites are transported.  The birds themselves, people who travel with them, or 
faeces and other products may be the source of transmitted pathogens. 

 

Mortality and carcase damage 

These aspects have been well reviewed by Wotton and Hewitt (1999). Poor 
handling and transportation may result in trauma, which has been found to be 
the major cause of mortality in birds over three months (Wotton and Hewitt 
1999). Fractures occasionally occur, primarily in the long bones of the legs 
and the wings (Foggin 1992), which often result from incorrect handling 
(Wotton and Hewitt 1999). Some ostrich farmers used to tape the wing to the 
side of the birds for preventing trauma, but this method may cause undue 
stress and affect bird ability to balance (Wotton and Hewitt, 1999). Neck and 
lower leg lacerations may be induced by restraint operations (Wotton and 
Hewitt 1999). Many of the pathologies or injuries affecting captive ostriches 
result in lethargy, weakness or fatigue, ataxia and impaired mobility and 
consequently the birds may exhibit recumbency. In the absence of overt 
trauma a diagnosis of proventricular impaction should be considered, 
particularly with signs of chronic inappetance, dehydration, weight loss and a 
failure to respond to laxatives (Shakespeare 1995; 1996; Deeming and Dick 
1995; Putter 1996).  

Capture myopathy, as a result of physical exertion, can occur if ostriches are 
driven too hard, or struggle excessively during capture, handling and transport 
operations (Wotton and Hewitt 1999). Affected animals are unable to stand or 
walk without difficulty, and death may occur within hours or weeks (Wotton 
and Hewitt 1999). The causes may be a lack of blood circulation during 
transport being the legs are kept too long folded underneath the body while 
sitting;  In addition there may be an accumulation of muscle lactate (ostriches 
muscle are very rich of glycogen), leading to rhabdomyolysis, followed by 
gastric and intestinal failure, and general intoxication (Veronesi et al. 2000).  

Carcase damage can be induced by insufficient space during transport, where 
the birds cannot sit down, a condition which enhances the risk for them to be 
trampled, with occurrence of traumas (Wotton and Hewitt, 1999). Since any 
damage, such as kick mark scars, bruising or fresh wounds, downgrades 
ostrich tannery, the safeguarding of the welfare during handling, transport and 
slaughter is usually of prime economical importance for the operators (Wotton 
and Sparrey 2002). In the EU, the skin value is about 50% of the carcase value 
and ostriches bruise easily, therefore the use of sticks is discouraged, (Hallam 
1992). 
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During transport, ostriches seem to be more severely affected by hot weather 
compared with low temperatures, particularly if water is not available (Wotton 
and Hewitt 1999). High temperatures combined with inadequate ventilation can 
greatly increase mortality rate (Wotton and Hewitt 1999). 

 

10. TRANSPORT OF DEER  

10.1. Introduction 

There are a number of detailed reviews on various aspects of the welfare of 
farmed deer (Goddard and Matthews 1994; Goddard 1998; Pollard and Wilson 
2002; Wilson and Stafford 2002) and specifically on handling and 
transportation (Matthews 2000; Weeks 2000). MAFF Codes of 
Recommendations and Minimum standards for deer handling, transport and 
slaughter have been established for safeguarding deer welfare during these 
crucial phases (MAFF 1989b). In New Zealand, (New Zealand Animal Welfare 
Advisory Committee, 1994; 1996) these have been implemented by the deer 
industry, which has developed a specific on-farm Quality Assurance (QA) system 
that defines good management practices and minimum standards in materials 
and construction. This has a substantial animal welfare component, covering all 
phases of deer production, and must be followed by all accredited deer farms 
(Pollard et al. 2002). Deer are recently domesticated animals, and farming 
practices used for traditional farm animals may have potential detrimental 
effects on their welfare (Goddard and Matthews, 1994). A thorough knowledge 
of the ethology and biology of the deer is therefore essential not only for 
safeguarding their welfare but also for optimising production systems (Goddard 
and Matthews 1994). 

10.2. Deer farming 

Deer have been kept in game parks for many years, and for many centuries 
there has been a practice of population management to limit their numbers. In 
recent times different deer farming practices have been used in several 
European countries, ranging from very extensively farmed systems in areas of 
marginal agricultural land, to intensive units in more fertile high quality lands. 
Trophy hunting is also carried out, as well as placing deer in nature reserves for 
the purposes of tourism. In particular, in Europe, there is a large variation in 
management technologies and personal “know how” for deer farming. Deer 
farms can be classified according to grazing density as extensive (1 head/ha), 
semi-extensive (from 1 to 3 head/ha, food integrations in winter and summer) 
or intensive (> 3 head/ha and regular feed supply) (Diverio et al., 1997). 
Another determinant factor to differentiate deer farming is management, which 
varies from a very high level (1st Category Deer Farms, provided with adequate 
fencing, paddocks and raceways connected to proper deer handling crushes 
where deer are routinely handled and can be individually captured, disease and 
reproduction control, etc.) to very low standards (3rd Category Deer Farms, 
lacking of any form of deer handling facilities, and where animals are collected 
in different ways, i.e. by nets or chasing to corrals, only at slaughtering time 
(Diverio et al. 1997).  
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Deer belong to the family Cervidae and the most common farmed species in 
Europe are red deer (Cervus elaphus), fallow deer (Dama dama) and reindeer 
(Rangifer tarandus tarandus) which are considered separately as they have 
been farmed for very much longer than the other species. In the initial systems 
of deer farming, shooting the deer in the field was the most common method of 
culling, and the majority of animals were butchered locally as venison obtained 
by hunting (Weeks 2000). When an individual was shot the rest of the herd 
stopped feeding, trotted for a short distance and then stopped, starting to graze 
again (Smith and Dobson 1990). Red deer shot in the field showed low average 
plasma cortisol concentrations and muscle pH compared with deer herded on 
the farm or transported to the abattoir (Smith and Dobson, 1990). Results of a 
study comparing three different pre-slaughter management systems in fallow 
deer (transport and lairage in small groups within wooden boxes, transport and 
lairage in a pen or shot on pasture) confirmed that field slaughter was the least 
stressful method (Diverio et al. 1998b).  

However, since the recent expansion of deer farming, for economical and meat 
hygiene reasons, most farmed deer are nowadays transported to specific 
abattoirs for slaughtering (Weeks 2000). Deer have been successfully 
transported by air, sea, and land, travelling by a variety of systems, providing 
appropriate handling methods (Haigh and Hutson 1993). Appropriate methods 
of handling and transport had to be developed, taking in to account the reactive 
and social nature of these recently farmed species and their sensory 
capabilities.  

10.3. Deer senses and physical abilities 

The principal aspects of deer senses and physical abilities have been reviewed 
by Matthews (2000), who reported that: “Deer are considered to have a similar 
wide visual field to the other farm ruminants (about 300° with a blind spot to 
the rear and at ground level to the front of the animal when the head is raised) 
and good depth perception in the small area of binocular vision”. Deer detect 
moving objects readily but do not respond well to static objects (Cadman, 1966; 
McNally, 1977)”. That is why ‘foreign objects’ left lying around may upset the 
deer, and it is advisable to check for such objects along passages before 
moving the animals (Yerex and Spiers 1987).  

Matthews (2000) also highlighted that “Since deer are active at night they must 
have excellent vision under low light conditions. Deer have also an acute sense 
of smell and hearing and, compared with other farm animals, they are very 
agile. Most species are able to clear barriers of 2-2.5 m in height from a 

standing position or to accelerate almost instantaneously from 0 to 50 km h-1 
(Drew and Kelly 1975). In their environment they tend to move along well-
defined trails (Cadman 1966) and if facing an obstacle, they seem to prefer to 
go under or push through it rather than go over it (Clift et al. 1985). 

10.4. Measurements of stress in deer 

Physiological and behavioural indicators of stress commonly used in other 
farmed species have been suitable also for assessing stress in deer (Brelurut, 
1991, Goddard and Matthews, 1994; Goddard and Grigor, 1997; Goddard, 
1998). ACTH stimulation tests (Bubenik and Bartos, 1993; Goddard et al., 
1994) have been exploited as measurements of chronic stress, also by pre-
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treatment with dexametasone to suppress the animal’s endogenous ACTH 
output (Smith and Bubenik, 1990; Zomborszky et al., 1993). Responses to 
exogenous ACTH have been suggested as a tool for selecting the most suitable 
individuals for domestication (Seal et al., 1983; Goddard and Matthews, 1994). 
It is important to underline that, in deer, the adrenal gland has been also 
recognised as an important source of progesterone in response to stress, or 
following ACTH stimulation (Jopson et al., 1990). Plasma progesterone levels 
increased in restrained/handled deer (Jopson et al., 1990; Matthews et al., 
1990; Matthews and Cook, 1991; Ferre et al., 1998). 

Quantification of lactate dehydrogenase (LDH) and its isoenzyme distribution, 
as markers of muscle damage as part of the physiological response to stress in 
deer, have been studied by Goddard and Grigor (1997). They have found that 
LDH-5 was the component most associated with skeletal muscle. There was a 
good correlation between CK and LDH5, but not with cortisol levels, probably 
because both CK and LDH were indices of physical stress while changes in 
cortisol concentrations were caused by psychological factors (Goddard and 
Grigor, 1997).  

Sampling methods for measuring physiological changes may act as 
confounding factors since they require restraint and handling of each individual, 
which have been already proved to be stressful for deer (Goddard, 1998; 
Matthews, 2000). In order to avoid this considerable sampling artefact, some 
remote blood sampling devices have been developed and successfully used in 
deer (Goddard et al., 1993; Bubenik, 1982; Diverio et al., 1993; Ingram et al., 
1994; 1997; Waas et al., 1999). Remote heart rate monitoring has been also 
widely utilised (Diverio et al., 1993; Pollard et al., 1993; Carragher et al., 1997). 
It is important to note that heart rate is also influenced by season, age, fitness, 
type of activity, physiological state and psychological stress (Jacobsen, 1979; 
Price et al., 1993; Weeks, 2000), thus, these variables have to be considered 
when measuring the sympathetic response to physical stressors. 

Goddard (1998) suggested motivation studies as alternative methods of 
assessing stress in deer. These behavioural measurements are focused on an 
animal-centred perspective, attempting to evaluate the strength of desire for a 
resource. In addition, preference/aversion studies restricted to comparing pairs 
of situations have been also suggested as measurements of the degree of 
pleasure or aversiveness to specific procedures (Goddard, 1998). The relative 
aversiveness to farmed deer of transport, physical restraint, human proximity 
and social isolation have been measured by using latency to enter and time to 
move down a raceway (Grigor et al., 1998b). Restraint and transport were found 
to be the most aversive treatments (Grigor et al., 1998b).  

Stereotypes such as fence pacing should also be considered as sign of 
environmental or management stress (Hediger, 1964; Diverio et al, 1993; 
Pollard et al., 1993), as well as any disruption of behavioural activity pattern or 
increase in aggressive interactions or abnormal behaviours (Pollard and Wilson, 
2002). 

10.5. Handling facilities 

Farmed deer maintain their wild anti-predator strategy, characterised by 
alertness and flight (including jumping), fight (bites and kicks), gathering 
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together when threatened (Weeks, 2000). Several studies on deer handling 
have proved that interaction with humans can be stressful to deer (Pollard et al, 
1994; Pollard and Littlejhon, 1994; Grigor et al., 1998b; Pollard et al., 2002). 
Price et al., (1993) recorded an increase of heart rate when the deer were 
merely approached by handlers. If they have the choice, deer tend to avoid 
human presence (Pollard and Littlejhon, 1994) and the strong aversion of deer 
to human proximity partially explained their reluctance to enter a raceway or to 
be restrained (Grigor et al., 1998b).  

Specific handling facilities and management procedures are required for deer 
transport and management. Principles of deer handling have been described by 
several authors (Yerex and Spiers, 1987; Haigh and Hudson, 1993; Diverio et 
al., 1997; Matthews, 2000). According to them, deer are best handled by a 
minimum number of people. Unusual noises are disturbing to deer and 
individuals readily break off from a group (Yerex and Spiers, 1987). Deer should 
be driven from the pens or into raceways as a group, moving them steadily, 
without sudden movements, talking to them in a low voice, calming nervous 
animals to avoid agitation spreading to the others (Yerex and Spiers, 1987). 
During the rut, stags should be handled as seldom as possible, since they are 
naturally aggressive (Yerex and Spiers, 1987), particularly if they have been 
hand-reared (Asher personal communication). 

Layout can facilitate moving deer from paddocks into a race, for example 
cutting corners off with a fence, or locating shelter trees to create a funnel 
effect at the entrance of the gate (Yerex and Spiers, 1987). This has to be wide 
enough to be clearly visible to the deer (at least 3.5m wide) (Yerex and Spiers, 
1987; Weeks, 2000), preferably located near the corners on flat areas or 
otherwise at the top of the rises since deer prefer to move up hill rather than 
down (Matthews, 2000). Due to their natural tendency to bunch together, a 
raceway at least 5m wide for red deer (Matthews, 2000), 3-4m for fallow deer 
(Yerex and Spiers, 1987), is needed for initial movement and then about 1.5m 
wide in the handling facilities (Weeks, 2000). Grigor et al., (1998c) found that 
deer moved less readily in a 4m wide loading race, where they were able to turn 
around and run past the handlers, compared with a 1.5m wide one. Deer 
became quickly accustomed to move through such a raceway, and moved 
faster than in a 0.5 m wide, single-file race (Grigor et al., 1997c). A raceway 
needs to be constructed with smooth corners since deer tend ‘to cut’ them, 
which may lead to injuries (Matthews, 2000). It’s commonly recognised that 
deer move more readily in winding raceways compared with straight ones 
(Haigh and Hutson, 1993) and flow best into yards if they are turned through a 
curve on the final approach (Matthews, 2000). However, Grigor et al., (1998c) 
found that the shape of the loading race (straight or curved) did not influence 
the time taken by red deer to enter the trailer. This is in agreement with their 
previous findings (Grigor et al., 1997c) and with Matthews (2000), who 
suggested that as long as the animals are kept moving, straight or curved races 
are equally effective. To reduce the risk of collision with fences, on the raceways 
approaching the yard, an increasing number of vertical wooden battens 
becoming solid boarding at the end has been found to work well (Haigh and 
Hudson, 1993; Matthews, 2000). New Zealand intensive deer farms are usually 
equipped with purpose-built yards with solid wooden walls, about 3 m high, 
sometimes covered with a roof, (Pollard at al., 2002). The handling areas may 
contain a number of pens, an enclosed individual weighing area and a wooden 
crush or handling cradle, to capture the animal by either dropping the floor or by 



 80 
 
 

holding the animal between the two sides by using a hydraulic mechanism 
(Pollard at al., 2002). Farmed fallow deer restrained by straps in a box had high 
cortisol, LDH, CK and NEFA blood concentrations but these concentrations were 
lower in deer held in a crush (Diverio et al., 1998c). 

Herding and handling red deer has also been shown to increase heart rate, 
physiological indicators of stress and muscle damage, as well as ambulation 
once they are released back to pasture (Diverio et al., 1993; 1996a; Carragher 
et al., 1997). Increases of plasma enzyme activities in response to capture and 
handling stress were influenced by herding time (Ranucci et al., 1996). Physical 
restraint in a deer crush and transport were found to be more aversive 
compared with human presence or visual isolation (Grigor et al., 1998b). 
Carragher et al., (1997) carried out a comparative study on the effects on red 
deer stags of three different management treatments: a) Pen: confinement in a 
pen for 12 min; b) Draft: as for the Pen, but a handler entered the pen twice and 
simulated drafting; c) Crush: as for the Draft, but each deer was drafted 
(isolated) from the group, moved down to a raceway and restrained for two min 
into a drop-floor pneumatic restraint device. Draft and Crush treatments were 
shown to be slightly more stressful than pen confinement (Carragher et al., 
1997). However, the behaviour and physiological changes remotely collected 
(blood pressure and heart rate) rapidly decreased once the deer were released 
from the yard, (Carragher et al., 1997). Similar results were previously reported 
by Price et al., (1993) who found restraint in a deer crush was the most stressful 
procedure. Also the paddock environment with handling facilities has been 
shown to be a source of stress for deer (Diverio et al., 1993). However, 
behavioural and physiological changes induced by handling stress are usually 
short-lived, and deer can become accustomed to humans and routine handling 
(Haigh and Hudson, 1993; Goddard, 1998; Weeks, 2000). Pollard at al., (2002) 
suggested that “Handling stress can be reduced by taming, habituation, 
selection for temperament, training handlers or improving handling 
environments”. In Europe at present, most farmed deer are not habituated to 
humans but are fearful of them so their welfare during handling and transport is 
generally poor. Long-acting neuroleptics have been successfully used to reduce 
the stress response to management practices in red deer (Diverio et al., 1996a). 

 

10.6. Influence of light conditions 

In deer farming, it is a common practice, particularly with flighty species such 
as fallow deer, to reduce the level of illumination when handling the animals, as 
darkness is believed to quieten the animals (Kay et al., 1981; Yerex and Spiers, 
1987; Pingard and Brelurut, 1998; Matthews, 2000; Weeks, 2000). Obscuring 
the eyes with a cloth when animals are restrained is also used (Matthews, 
2000). Fallow deer, kept in the dark in holding pens will move towards the lit 
entrance of the handling race or crush (Langridge, 1992; Diverio et al., 1997; 
Matthews, 2000). According to Asher (Asher, G.W., personal communication) 
there are radically different behaviour patterns between red and fallow deer: 
red deer move from the light into the dark, whereas, fallow deer move from the 
dark into the light. However, the effect of light on deer behaviour has been 
investigated by few scientific studies.  
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Pollard and Littlejohn, (1994) tested two levels of illumination – bright (200 lux) 
– and dark – (0-1 lux) on penned yearling hinds. Deer confined in darkened 
pens showed a reduced behavioural reaction to human presence compared 
with those located in brightly lit pens (Pollard and Littlejohn, 1994). In the dark 
they were more dispersed, showed less locomotory and more nosing activity, 
supporting the possibility that fear was reduced and that the welfare of deer 
might be improved by darkening holding areas (Pollard and Littlejohn, 1994).  

In subsequent experiments, Pollard and Littlejohn (1995) found that lighting 
conditions during handling had an effect on heart rate and behaviour of 
castrated red deer. In an unfamiliar pen, deer did not confine themselves in the 
darkest areas, but they seem to prefer the dimly lit areas, regardless of the 
presence of humans. Heart rate was measured when deer were restrained in a 
mechanical deer crush for two minutes, under either dark (0lux) or light 
(1,500lux) conditions. Heart rate was significantly lower in the dark compared 
with the light at the start of the observation period. Heart rate then decreased 
overall, reaching similar values in the two treatments. These results, since 
elevated heart rates have been associated with stress in deer (Pollard et al., 
1993; Price et al., 1993) seemed to suggest that dark treatment reduced the 
stress response to restraining. However, since lowered heart rates have also 
been associated with difficult situations and increased attention to 
environmental stimuli (Fraser and Broom, 1990), these results might not 
provide conclusive evidence that stress was reduced (Pollard and Littlejohn, 
1995).  

The effects of illumination inside the vehicle were also examined (Grigor et al., 
1998c), as a strategy to facilitate loading operations. However, the presence of 
a light, angled instead of shining into the eyes of the oncoming deer as 
recommended by Grandin (1990), had no effect on the time taken to move 
through the loading raceway and enter the trailer (Grigor et al., 1998c).  

10.7. Isolation and mixing 

Both isolation and mixing with unfamiliar conspecifics may be potential sources 
of stress for deer. Wild deer are social animals, whose herd structure varies 
widely according to sex, age, season and environmental conditions (Pollard at 
al., 2002). During most of the year, adult stags and hinds are sexually 
segregated, with hinds normally associated within matrilineal groups. Juveniles 
stay with their mothers for 2-3 years, while stags form loose associations within 
them (Clutton-Brock et al., 1982; Chapman, 1993). As the time of antler 
cleaning approaches, stags tend to isolate and disperse from their social group 
(Bartos, 1985), whereas during the rut, they establish and defend their own 
harem (Clutton-Brock et al., 1982; Chapman and Chapman, 1975). A ‘lekking’ 
strategy, whereby a number of bucks hold a small territory, in very close 
proximity to each other, can also be adopted by fallow deer stags (Chapman, 
1993; Pollard et al., 2002).  

Mixing of social groups is believed to contribute to pre-slaughter handling stress 
in farmed deer (MacDougall et al., 1979; Kay et al., 1981; Alexander, 1988; 
Selwyn and Hathaway, 1990). Pollard et al., (1993) found that in yearling stags, 
visual and spatial isolation from familiar stags induced increased heart rate, 
and an increased frequency of ambulation and activities directed to the 
perimeters of the enclosures, in particular of nosing behaviour, suggesting 
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attempts to escape. Mixing and confinement in a pen with other unfamiliar 
stags also induced similar changes (smaller increase of heart rate, ambulation 
and head movements toward the perimeter of the pen), associated with an 
increase of aggressive interactions and a decrease in grooming behaviour 
(Pollard et al., 1993). Confinement in isolation or with unfamiliar deer 
represented potential aversive social stimuli for red deer stags, therefore they 
have to be considered as factors contributing to handling and transport stress. 
The aversiveness to social isolation as been also measured by placing individual 
yearling hinds in an empty pen (3m x 3m) adjacent to a raceway for five 
minutes (Grigor et a., 1998b). The latency to enter the raceway in such deer did 
not differ significantly from control deer, probably because deer gained some 
experience during the pre-experimental period. In fact, in a Y-maze test, deer 
showed that they could learn rapidly (after one exposure to each treatment) the 
difference between the treatments applied in the two arms of the maze (Pollard 
et al, 1994b). 

Repeated mixing of groups of red deer yearlings was found also to affect 
immunological responses (Hanlon et al., 1995). Grouping similar-sized 
individuals together is recognised as good management practice (Matthews 
2000). Since social mixing of housed deer can induce increased aggression and 
physiological indicators of stress (Hanlon et al., 1995), once groups are 
established, it is advisable to leave them intact (Pearse and Fennessy, 1989; 
Pollard et al., 2002).  

10.8. Animal preparation (loading and unloading) 

Fletcher (1988) stated that “The factors most likely to cause problems (in 
transportation) are, in order of priority: overcrowding, mixing of different sizes 
and categories of deer; unsuitable bedding; overexcitement during loading; high 
speed cornering and braking; dehydration; unsuitable vehicles and excessive 
length of journey.” Subsequently, several studies have considered aspects of 
transport on deer, demonstrating that this was both physically and 
psychologically stressful for them (Goddard, 1998). Loading and unloading 
procedures are a stressful component of transport. Heart rate significantly 
increased during loading and unloading before and after transportation in 
farmed red deer (Horalek and Jones, 1993; Grigor et al., 1998d). The New 
Zealand Animal Welfare Advisory Committee Codes (1994; 1996) 
recommended a standard slope of 20C for loading ramps for deer. Their walls 
need to be high enough to prevent the deer from attempting to jump out (Haigh 
and Hudson, 1993). Deer need time to move quietly along unloading ramps and 
races.  

Pre-transport conditions may influence the reaction of livestock to be loaded 
(Grigor et al., 1998c). According to Fletcher (1988) it would be beneficial to 
gather the deer into pens on the day before transport. However, many studies 
show that overnight or longer lairage before slaughtering the deer, although it 
allowed some biological recovery, represented a further cause of stress (Grigor 
et al., 1997b; 1998a; Diverio et al., 1996b; 1998b). In a study of pre-transport 
conditions, previous overnight housing did not influence loading operations 
(Grigor et al., 1998c). Over the two experiments, contrasting results were 
obtained regarding the numbers of attempts required to load the deer during 
following trials. The results of the first experiments suggested that deer learnt 
that loading represented an aversive experience, rather than becoming 
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accustomed to such a procedure (Grigor et al., 1998c). On the other hand, in the 
second experiment the deer tended to take progressively less time to enter the 
raceway and the trailer. These contrasting effects were attributed to the 
different widths of the races used (4m vs 1.5m; see discussion in handling 
facilities) (Grigor et al., 1998c).  

10.9. Journey management 

10.9.1. Vehicle design 

Pollard et al. (2002) stated that: “All accredited deer transporters need 
to use purpose-built deer crates, which are specifically designed to 
allow for freedom of movement, unimpeded flow of ventilation, ease of 
handling, security and safety for both the animals and their handlers 
(drivers)”. Ceilings are usually 1.8 - 2m high but in many trucks this 
height can be varied according to the class of stock . Normal flooring is 

of 19mm2 woven mesh and allows for safe and secure footing and the 
drainage of effluent. Maximum pen sizes have been established for the 
carriage of all deer on a loading density criterion based on deer being a 
live weight of 100kg. The maximum number of deer per pen under 
these criteria is 8 (100kg deer). However pens are normally designed 
for and used to carry 6 (100kg) deer. Many new deer crates 
commissioned recently have water sprinkler systems for use when 
deer become unsettled, which is normally attributed to overheating”.  

Adequate ventilation is of major importance in deer transport for 
example a continuous opening of not less than 100mm in width on the 
external walls or along the roof of each pen, or an equal area of 
ventilation. Cases of corneal opacity have been observed after long 
journeys in deer, and these have been suspected to be caused by too 
much exposure of the face to the wind or the use of straw as bedding 
(Tedford, 1997). Light near the top of the trailer may lead to jumping. 
Practical experience suggested that a 2-inch gap at the base of the 
floor for fallow deer to look out would calm them and avoid jumping 
(Tedford, 1997).  

10.9.2. Animal preparation (in handling) 

10.9.3. Travel times (road type) 

Goddard, (1998) stated that: “Transport on winding roads was more 
physically demanding, with a greater risk of injury. However, most 
changes were short-lived and reversible,”  

The effects of a range of transport distances (80, 230 and 400km) on 
red deer hinds were studied (Jago et al., 1997; Jago and Matthews, 
1998). The greatest losses of balance, number of impacts, movements 
and rapid foot adjustments were concentrated at the start of the 
journey, and when travelling on a hill or on winding roads (Jago et al., 
1997). Lying down was not recorded during the first 60 minutes 
journey, but increased afterwards. Pre-slaughter handling (including 
transport) resulted in an increase of plasma enzyme activities (CK, AST, 
LDH, LDH3, LDH4 and LDH5), which was proportionate to journey 
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length. Overall carcass bruising levels were low, but they increased 
progressively with travel times (from a mean of 5.2 to 10.7 hrs) (Jago 
et al., 1997; Jago and Matthews, 1998). Bruising was negatively 
correlated with fatness, as already observed in a previous survey on 
deer commercial slaughterhouses (Jago et al, 1993), confirming that 
leaner animals are the most at risk of bruising. In farmed fallow deer, 
notwithstanding 36 hours of lairage, at slaughter, a greater 
physiological response to stress (cortisol, glucose, fat metabolites and 
muscle enzyme activities) was found in animals transported for 4 
hours compared with those transported for 2 hours (Diverio et al., 
1998a).  

Effects of road type and journey time were also studied (Grigor et al., 
1998d). Signs of greater physical and psychological stress were 
observed during transportation up to 6 hours, when travelling on 
winding roads. More losses of balance and a greater increase in 
plasma CK activity occurred with winding roads compared to straight 
ones. Overall, during the initial stages of transport, deer showed live 
weight losses, increased standing, moving and alert behaviour, and 
increased heart rate. These parameters tended to decrease with time, 
suggesting a partial adaptation to transport as journeys progressed. 
However, following a 6 hour journey, deer spent more time eating, 
higher PCV and plasma CK activities were found, and there was a 
larger increase of plasma sodium concentrations during the recovery 
period, suggesting that the longer journey was more physical 
demanding for them (Grigor et al., 1998d). Similarly, Waas et al., 
(1999) found a linear increase of cortisol in relation to transport time, 
confirming that deer became progressively more stressed during 2 
hour journeys. In a survey on commercial abattoirs, significant 
increases in levels of bruising and consequent downgrading (varying 
from 3.8% to 14.2%) were associated with increased journey length 
(Jago et al., 1996).  

In conclusion, overall studies seem to suggest that transport time need 
to be minimised as much as possible for farmed deer.  

10.10. Space allowance 

10.10.1. Transport by road (floor/space allowance; factors affecting the space 
needed: age, sex, group size, method of transport) 

Overcrowding deer in the vehicle can lead to overheating, an increase 
of aggression and injuries (Haigh and Hudson, 1993). To avoid this, 
recommended minimum space allowances were provided by MAFF 
(1989b). MAFF (1989b) guidelines for road transport of farmed deer 
recommended the following minimum floor area allowances for deer:  

adult stags 1m2;   

yearling stags and adult hinds 0.5-0.6m2;  

3-months old calves to yearling hinds 0.3-0.4m2.  
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It was also recommended that deer should be segregated by age, sex, 
size and previous familiarisation, and they should be allowed sufficient 
space to lie down, get up and turn around. Not more than 10 yearling 
red deer or 20 fallow deer should be carried in one pen (MAFF, 1989b). 
The height of the vehicle should allow the animals to stand with ears 
erect (Haigh and Hudson, 1993).  

Minimum recommended heights were:  

1.53m for deer of 75-100kg;  

1.22m for deer of 45-74kg;  

1.00m for deer weighting less than 45kg.  

The transport of stags, either in velvet or hard antlers, as well as during 
the rut, can cause problems (MAFF, 1989b). Weeks (2000) reported 
also the recommendations of the New Zealand Animal Welfare 
Advisory Committee Codes (1994; 1996): maximum eight deer are 
allowed in a pen, with minimum space allowance ranging from 

0.22m2 per 40 kg fallow hind up to 0.96m2 per 200 kg red deer stags. 

Adequate space allowance can be calculated according to body weight. 
An adult red stag weighs over 200 kg of live-weight, with top animals 
reaching up to 340 kg. An adult red hind averages 90 to 120 kg, with 
top animals reaching up to 140 kg. According to the following 
equation:  

A = 0.021 W0.67 

(where A is the area per animal in m2 and W is weight of animal in kg), 
the following minimum space allowances are suggested:  

1.042 – 0.732 for deer of 340-200kg;  

0.382 – 0.462 for deer of 75-100kg;  

0.272 - 0.462 for deer of 45-74 kg. 

It can be noted that, whereas for lighter deer suggested space 
allowances are similar to those recommended by the New Zealand 
Animal Welfare Advisory Committee Codes (1994; 1996), as live 
weight increases, these are comparatively lower (i.e. 200kg:  0.732  

compared with 0.96m2). It would seem that other factors other than 
weight have been considered by the New Zealand Animal Welfare 
Advisory Committee Codes (1994; 1996), may be the presence of the 
antlers or the need of greater social inter-individual distances.    

Pollard and Wilson (2002) reported some special provisions for the 
transport of certain classes of deer (recently weaned calves, pregnant 
hinds, and hinds with calves at foot) in New Zealand. Calves 
transported after weaning should be immediately transferred from 
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farm to farm, within a yarding and transport time not more than 6 
hours.  

Confinement  

Short-term confinement in small pens, was shown to be aversive as the 
deer paced and made repetitive up-and-down head movements along 
the walls (Pollard and Littlejohn, 1996). The effect of movement to a 
novel environment (for 3-h and 6-h without food and water) and 

reduced space allowance (0.9 m2/deer), as aspects associated to 
transportation, have been investigated (Grigor et al., 1997a). During 
treatment period, short-lived changes were observed such as loss of 
live weight, more time standing and moving and less lying and 
grooming, and a constant increase in the frequency of aggressive 
interactions (Grigor et al., 1997a). However, no significant changes in 
physiological measurements of dehydration (plasma sodium and 
osmolality) or indicators of stress (cortisol and NEFA) were observed 
(Grigor et al., 1997a). At slaughter, deer confined in a holding pen 
before stunning showed higher increases of plasma cortisol levels and 
lower liver glycogen concentrations than those which were stunned 
immediately (Grigor et al., 1999).  

Grigor et al., (1995b; 1998a) studied the effects on behavioural and 
physiological reaction of a range of treatments (sex and group size, 
space allowance and vehicle motion). In particular, yearling red deer 
were Studied during transport at the lower end of the range of 
minimum recommended space allowances for each sex in the MAFF 
(1989b) compared with double this space . They were loaded for three 
hours in a livestock transporter, either moving or stationary. There 
were few differences between the various treatment combinations. 
Inside the transporter, regardless of different space allowances, only 
minor differences in mean temperatures were recorded, as well as very 

low ammonia concentrations (<5ml/m3) (Grigor et al., 1998a). No 
differences in postures among treatments were recorded, but a 
general increase in standing and a decrease in lying were recorded 
during confinement or transport, particularly at the start of the journey 
(Grigor et al., 1998a; 1998d). These findings were attributed to 
reduced space allowance, since this has been already shown to affect 
deer behaviour when they are confined in a pen (Hanlon et al., 1994). 
These effects were greater in larger group size, suggesting a more 
pronounced behavioural disturbance when a greater number of 
animals were grouped together (Grigor et al., 1998a). However, with 
increasing transport time (up to 6 hours) time spent standing, moving 
and alert decreased (Grigor et al., 1998d). These findings are in 
agreement with other studies, which found that during confinement or 
transport the deer were mostly inactive, spending most of the time 
standing stationary (Jago et al., 1993; 1997). 

Lower space allowance significantly influenced heart rate and plasma 
lactate concentrations, which were significantly higher (10-13% and 
30-40% respectively) in deer transported at high density (0.38 

m2/84Kg animal) compared with those transported at medium 
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(0.62m2) or low (0.85 m2) densities, (Waas et al., 1999). Confinement 
on a transporter for 3 hours at different space allowances (males: 

0.5m2 or 1 m2/deer, females: 0.4 m2 or 0.8 m2/deer) had significant 
effects on most physiological indicators of stress measured (plasma 
cortisol, NEFA, CK, sodium, osmolality and heart rate). However, these 
changes were short-lived, returning to pre-treatment values shortly 
after unloading (Grigor et al., 1998a).  

Confinement of red deer in a stationary trailer led to a reduction in 
heart rate after loading, but when the vehicle started to move the heart 
rate rose again, to fall rapidly again once the journey ended (Horalek 
and Jones, 1993). Elevated heart rates were then mainly associated 
with vehicle motion rather than noise or confinement (Horalek and 
Jones, 1993). Vehicular motion was shown to be more stressful than 
confinement alone, since deer loaded and confined in a stationary 
vehicle for three hours showed a lower increase in the plasma 
concentration of NEFA and cortisol compared with those transported 
for the same time (Grigor et al., 1998a).  

As an effect of reduced space allowance, increased agonistic activities 
and pen-directed behaviour have been observed during stationary 
confinement (Grigor et al., 1998a), and after transport over increasing 
time of lairage (Grigor et al., 1997b). In another study, the lack of 
aggressive interaction between deer during transportation, was 
attributed to their continuous need to maintain the balance, as 
confirmed by the observation that more losses of balances were 
recorded for higher stocking densities (Grigor et al., 1998a). Jago et al., 
(1993) reported more impacts with pen walls or other deer during 

transport at high stocking densities (0.49 m2/deer) but fewer 
aggressive encounters. Red deer hinds transported over a range of 
distances (80, 230 and 400km) showed a large range of agonistic 
activity, 95% represented by bites, which were usually initiated by the 
heavier animals and directed at the lighter ones (Jago et al., 1997; 
Jago and Matthews, 1998). Within a group of deer confined in a pen, 
the lightest and smallest animals also tended to receive the most 
aggression (Pollard and Littlejohn, 1998).  

10.10.2. Transport by air 

Deer can also be transported by air and this can present special 
problems because of the lack of external ventilation (Haigh and 
Hudson, 1993). In order to avoid thermal stress and dehydration, an air 
conditioned environment and extra water (10 litres per head for red 
deer, Fletcher, 1988) should be provided, also when the plane is 
stationary at an airfield (Haigh and Hudson, 1993). Due to their 
moisture, root vegetables can represent an optimum supplementary 
food for deer during the flight (Haigh and Hudson, 1993). Crates built 
so that the excreta could be collected during the flight, horse trailers or 
even large stock liners can be used if basic rules are obeyed (Haigh 
and Hudson, 1993). The following red deer optimal densities for air 
travel are reported:  
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Table 10.10.2.1.: Minimum floor space allowance for red deer 

Type/Class Floor space (m2) 
  
Calves (3 month yearling hinds) 0.3-0.5 
Adult female 0.4-0.6 
Adult male (no antlers) 0.7-0.8 
Adult male (in velvet) 3.3 

 (from Haigh and Hudson, 1993). 

 

10.11. Bedding 

Different types of bedding can be used in order to prevent slipping, to adsorb 
urine and faeces and to encourage deer to lie down (Haigh and Hudson, 1993). 
Non-slip rubber mats, hay or straw (which have the advantage that can be 
eaten) and sawdust (which should not lead to dusty conditions, leading to 
respiratory difficulty) have all been commonly used (Haigh and Hudson, 1993). 
Concrete or wire mesh gratings are mostly utilised in lairage pens (Pollard et al., 
2002).  

10.12. Thermal conditions 

There is a lack of scientific information regarding thermal requirements during 
the transport of deer. According to Weeks (2000) they are more likely, as other 
ruminants, to suffer more heat than cold stress. However, deer are very poorly 
insulated and they suffer if exposed to cold and windy environments (Chapman 
and Chapman, 1975). If the deer are closely confined, high temperatures, 
particularly if associated with high humidity, can lead to heat stress since the 
only way they can dissipate heat is by panting (Harcourt, 1995). According to 
MAFF guidelines (1989b) “If animals are suffering by heat stress they may 
benefit from spraying with water. Heated animals should be given time to cool 
before to be released” (Provisions of the New Zealand Animal Welfare Advisory 
Committee Codes (1994; 1996). 

Harcourt (1995) found that during transport the temperature inside the crate 
could rise up to 10C higher than outside temperature. Most risk from heat build-
up occurs when the truck is stopped for any length of time, with body 
temperatures continuing to rise for up to 30 minutes after the truck continued 
its journey. In summer time, single crates were hotter than the lower deck of a 
double-decked vehicle (Harcourt, 1995).  

In a study on confined deer, deprived of food and water, different ambient 
temperatures (9C, 13C and 20C) had no significant effect on behavioural and 
physiological responses (Grigor et al., 1997a). 

Thermoregulation in red deer during transport has been investigated by 
measuring ambient temperature (Ta) either when deer were in the paddock or 

on the truck, and internal body temperature (Tb) by using an Intravaginal 

Temperature Logger (Matthews et al., 2000). Ambient temperatures in the 
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paddock were significantly lower than in the truck. However, they rose only from 
24.5C to 26C, remaining in a thermo neutral zone, where the deer were unlikely 
to have suffered from heat stress. This explains why the provision of water-
cooling during transport had no significant effect on mean Tb. During yarding 

and loading instead mean Tb increased (+0.7C to 38.7C), peaked during the 

start of the journey (further 0.5C) and than declined and remain constant 
(38.8C) through transport. At unloading it increased again, than declined during 
the first hour in the paddock (Matthews et al., 2000). 

10.13. Driving 

Transport companies and driving techniques significantly influenced bruising 
rate in deer slaughter in a commercial plant (Jago et al., 1996). 

10.13.1. Position in the vehicle/orientation and front/rear 

The preferred orientation during transport of deer has been 
investigated in several studies, with similar result. In the transporter, at 

the space allowance of 0.74 m2/red deer hind, the animals tended to 
align themselves parallel and facing the direction of travel, avoiding 
the diagonal orientation (Jago et al., 1993). In a further study, the 

reduced space allowance of 0.42 m2/red deer hind seemed to prevent 
the animals from standing in their preferred orientation, but 
approximately equal time was spent either in parallel or perpendicular 
to the longitudinal axis of the vehicle (Jago et al., 1997). However, 
diagonal orientation tended always to be avoided. These results are in 
agreement with the studies of Grigor et al., (1995b; 1998a; 1998d), 

carried out with similar space allowances (males: 0.5m2 or 1 

m2/deer, females: 0.4 m2 or 0.8 m2/deer) (Grigor et al., 1995b; 

1998a) (0.8 m2/female yearling red deer) (Grigor et al., 1998d), but 
with stationary and moving vehicle for three hour (Grigor et al., 1998a) 
or with 3h vs 6 h transport on straight or winding roads (Grigor et al., 
1998d). In both studies, independently from treatments, most 
common orientations were either parallel to, or perpendicular to the 
direction of the travel, while diagonal orientations were rare (Grigor et 
al., 1998a; 1998d).  

The position within the transport crate was found to play a role in 
transport stress response (Waas et al., 1999). During transport, higher 
heart rate and plasma lactate concentrations were recorded in the 
deer occupying the back of the crate compared to those in the front, 
probably reflecting greater difficulties in maintaining balance. It might 
be expected that the back of the crate would swing or move more, 
leading to higher levels of exertion and/or a psychological reaction to 
exaggerated and unpredictable movements (Waas et al., 1999).  

10.13.2. Rest periods 

No scientific information is available on the effect of resting periods 
during the journey on the response to transport stress in deer. 
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10.13.3. Feeding and watering 

Withdrawal of food and water (20 hours) has been shown to increase 
subsequent drinking activity in red deer (Hargreaves and Matthews, 
1995). Transport time had effects on feeding behaviour: deer spent 
more time eating after a 6-hour journey than a 2-hour one (Grigor et 
al., 1998d). According to Grigor et al., (1998a) deer continue to eat 
during transit if there is sufficient space to do it, and tend to increase 
lying with transport time. Deprivation of food and water, in deer 
confined at low space allowance, for 3 or 6 hours, did not induce 
significant changes in measures of dehydration immediately after the 
treatment period, but these significantly increased during the recovery 
period, probably as a result of ingestion of dry feed, as this caused 
water to move from the body to the rumen (Grigor et al., 1997a). In 
contrast, a protracted lairage period (9 days vs 3 days) was associated 
with a reduction in urinary osmolality, serum sodium levels and sodium 
fractional clearance, suggesting the possibility of a recovery of the 
animal’s water-electrolyte balance during the 9 days of the lairage 
(Diverio et al., 1996b). However, even after 18 hours lairage time, 
almost no drinking was observed (although this may due a behaviour 
sampling artefact), and no physiological signs of dehydration were 
recorded (Grigor et al., 1997b). Although deer were observed eating 
throughout the lairage time, they progressively lost live weight, 
suggesting that the amount of straw or hay consumed was very small 
(Grigor et al., 1997b). In deer, as in other ruminants, the rumen may 
act as a reservoir of nutrients in water (Fletcher, 1988; Warris, 1990) 
maintaining water balance and reducing the effects of short-term 
water or food deprivation (Grigor et al., 1997b). Although it is 
recognised that a period of lairage may help to reduce gut fill, thus 
possibly improving slaughter management and hygiene, being in an 
unfamiliar lairage environment has been recognised to be a stressful 
experience for deer (Grigor et al. 1997b; Diverio et al., 1996b).  

10.14. Lairage 

In order to safeguard deer welfare, it is recommended to slaughter deer as soon 
as possible after they are unloaded from the transporter on the arrival to the 
abattoir (MAFF, 1989b). The effect of duration of lairage (3, 6 and 18 hours) 

following transportation (1 m2/deer space allowance) was studied in yearling 
male red deer (Grigor et al., 1997b). In the initial period of lairage deer have 
been observed to spend more time in standing and alert behaviour, remaining 
in close proximity to each other, and reducing lying and ruminating (Grigor et al., 
1997b). There was a tendency for alert behaviour to decrease with lairage, 
suggesting that deer gradually became accustomed to the new environment 
(Grigor et al., 1997b). Agonistic activity progressively increased with lairage 
(Grigor et al., 1997b). A mean of 4 fights/hour, primarily involving biting, was 
observed during overnight lairage in a commercial abattoir (Pollard et al., 
1998). Lairage caused a progressive loss of live weight, but hot carcass weight 
was unaffected, suggesting that this effect was mainly attributed to the loss of 
gut content (Grigor et al., 1997b). Different lairage times had no effect on a 
range of blood variables (PCV, osmolality, cortisol, β-endorphin, NEFA, total 
protein and sodium), as well as on skin damage, bruising or muscle glycogen 
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content, although liver glycogen content was significantly higher after overnight 
lairage (Grigor et al., 1997b). Deer slaughtered after overnight lairage showed 
significantly reduced serum CK levels, compared with those slaughtered 
immediately after loading, suggesting a recovery from the physical effort 
associated with handling and transport (Grigor et al., 1997b). In some 
occasions, overnight lairage resulted in increased bruising rates and subsequent 
downgrading of carcasses (Jago et al., 1996).  

Transport and lairage conditions resulted in poor welfare also in fallow deer, 
which showed higher cortisol, glucose and CK responses compared to those 
shot on the field (Diverio et al., 1998b). 

According to Australian, Canadian and New Zealand Reports (Tuckwell, 1995; 
New Zealand Animal Welfare Advisory Committee Codes, 1994; 1996, CARC, 
1996) at the abattoir, during lairage, deer should be subjected to fine mist 
spraying. In fact, mist washes are thought to settle and cool the deer, so they 
became easier to handle and move through the handling system (Tuckwell, 
1995). Pollard et al., (2002) suggested, “Mist spraying also softens dirt, reduce 
dust and avoid a build up of faeces on the floor”.  

The proximity of other farmed species in the slaughter plant has also to be 
considered. In a study of the behavioural responses of farmed red deer within a 
simulated abattoir, red deer stags chose, in descending order of preference, to 
be penned adjacent to an unfamiliar deer, nothing, sheep, and last equal, cattle 
and pigs (Goddard and Abeyesinghe, 1997). According to Pollard et al., (2002), 
improvement of pre-slaughter stress should be considered as high priority 
research area. 

10.15. Diseases 

Farmed deer are susceptible to a range of potential fatally diseases, which may 
be precipitated by stress, such as malignant catarrhal fever (MCF) and 
yersiniosis in red deer, or predisposing deer to parasitism, such as chronic 
wasting disease in wapiti (Mackintosh, 1998). In New Zealand, the occurrence 
of outbreaks of tuberculosis (TB) has often been related to poor management, 
low productivity and stressful conditions (Mackintosh, 1998). Capture or 
transport stress play an important role in the development of post-capture 
myopathy, characterised by “ataxia, wry neck, paresis and paralysis, with the 
excretion of brown urine” (Basson and Hofmeyr, 1973; Spraker, 1982; McAllum, 
1985), particularly in individuals which are “stress prone”, very flighty or 
aggressive, who rarely survive (Mackintosh, 1998). Increases in muscular serum 
enzymes activities, indicative of physical stress and overstraining, as recorded 
after handling in farmed deer (Zomborszky et al, 1996; Carragher et al, 1997), 
has been suggested to represent a predisposing factor (Harthoorn, 1982).  

If the stress is severe, the excessive secretion of cathecholamines can lead to a 
haemorrhagic enteropathy, ulceration of abomasums and duodenum, or to 
malignant hyperthermia, where the animal usually dies within 30 minutes of 
capture (McAllum, 1985; Fowler, 1986; Pingard and Brelurut, 1998; 
Mackintosh, 1998). To prevent this, minimising stress is a crucial component, 
especially while yarding, transport and in lairage (Mackintosh, 1998). It is 
important to remember the zoonotic risks associated with some diseases 
whose deer can be a vector, such as TB, yersiniosis, leptospirosis, brucellosis, E. 



 92 
 
 

Coli 0157, parapoxvirus, Lyme disease, and there are suspicions for 
toxoplasmosis, cryptosporidiosis, listeriosis, antrax, rabies, tularaemia and Q 
fever (Mackintosh, 1998).  

10.16. Post-mortem indicators of stress  

It is well known that prolonged muscular contraction and glycogen reserve 
depletion, resulting in increased pH 24 hours post slaughter (pHu), are 

predisposing factors for the development of meat quality defects, such as dark 
firm dry (DFD) meat (Spraker, 1982; Monin, 1988; Pollard et al., 1999; Pollard 
and Wilson, 2002). A pHu above 5.8 is a cause of concern when deer are 

transported since it indicates pre-slaughter stress and it has profound effects on 
meat quality. Meat with very high pHu (<6.0) has higher bacteria counts, and 

approximately half the shelf-life (Stevenson-Barry, 2000). Dark cutting 
appearance was found in the muscle of stags and castrated deer which had 
muscle pHu over 6 (MacDougall et al., 1979). Hinds were found to have a 

significantly lower muscle pHu compared with stags or castrated deer 

(MacDougall et al., 1979). 

Higher levels of plasma cortisol, associated with increased pHu (>5.74), were 
recorded in farmed red deer captured and transported to a commercial abattoir 
compared with those slaughtered on farm or shot in the field (Smith and 
Dobson, 1990). In a survey carried out at a New Zealand South Island deer 
slaughter plant, a pHu >5.8 in the M. longissimus dorsi was found in approx 

70% of fallow deer and 10.6% of red/wapiti animals (Pollard et al., 1998).  

A positive relationship between bruising and pHu was observed (Pollard et al., 

1998). Another survey carried out in 1988-1989 established that wounds, 
bruises and related lesions were a major cause of downgrading and led to 
significant economic losses (Selwyn and Hathaway, 1990). Bruising received 
during transport may be a consequence of movements caused by fatigue and 
stress during the journey (Jago et al., 1997). Rate of carcass bruising has been 
used as an index of pre-slaughter stress in deer (Jago et al., 1993), as well as of 
poor handling, management and transportation (Selwyn and Hathaway, 1992). 
Hindquarters or hocks are usually mainly affected (Jago et al., 1996; Pollard et 
al., 1998). Jago and Matthews (1998) found that carcass bruising was positively 
correlated with plasma enzymatic activities (CK, AST, LDH, LDH3, LDH4 and 
LDH5) in transported deer.  

Over a three-year survey at a deer slaughter plant, downgrading due to bruising 
did not vary significantly, ranging from 6.1% to 7.9% (Jago et al., 1996). Males 
were significantly more affected than females, and increasing downgrading of 
stags during the rut appeared to be great. A higher rate of bruising was reported 
in leaner animals. Increased bruising was significantly related to different farms 
and carrier companies, poor driving techniques and road conditions, increasing 
journey length, and sometimes, with overnight lairage (Jago et al., 1996; Pollard 
et al., 1998). 

Ecchymosis (blood splashes) in fallow deer carcass involves economic losses 
due to the down grading of high value venison cuts, but are an effect of 
slaughter, in particular of stunning (Falepau and Mulley, 1998). 
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10.17. Mortality rates 

No scientific information is available on mortality rates related to transport in 
deer. In the beginning of deer farming, in order to minimise stress due to 
handling and transport, a mobile slaughter unit was used (Seamer, 1986). 

11. TRANSPORT OF REINDEER  

11.1. Introduction 

Reindeer are found in the Northern hemisphere and are particularly adapted to 
the weather conditions found in the extreme north. They are semi-nomadic, 
moving from winter quarters to summer grazing to take advantage of plant 
growth in the northern summer. Reindeer show a different fibre type 
composition in muscle compared to domestic ruminants and have a large 
proportion of IIb fibres (Kiessling and Rydberg,, 1983; Essen-Gustavsson and 
Rehbinder, 1984). These IIb fibres are both highly glycolytic and remarkably 
oxidative, providing the reindeer with both speed and endurance to escape 
predators. Reindeer have their main energy reserves in the protein stores in 
muscle (Kiessling and Kiessling, 1984; Kiessling K-H. and Rydberg, 1983) and 
have a cyclic pattern of weight reduction in sinter and compensatory growth in 
summer (Reimers, 1997). This means that during winter they can have depleted 
glycogen stores, and hence are susceptible to the development of dark, firm, 
dry (DFD) meat after slaughter, unless they receive supplementary feeding 
(Wiklund et al., 1996a). 

Reindeer have long been domesticated and an intimate part of indigenous 
cultures but nowadays most reindeer are raised extensively and are gathered, 
often over several days, during the autumn when they are in best condition. 
After gathering, reindeer for slaughter are then selected from the mustered 
animals and can either be slaughtered immediately or fed for a time before 
dispatch. Traditionally, reindeer were slaughtered at the site of selection but the 
implementation of new legislation in Sweden regarding meat inspection means 
that many reindeer are now transported to slaughter often over long distances 
(Malmfors and Wiklund, 1996, Skoglund, 1997).  

The production of reindeer meat is not inconsiderable e.g., Sweden slaughtered 
1,300 tons in 2001 (Swedish Agricultural Statistics, 2002), and Finland, about 
2,000 in the same period (Kemppainen et al., 2002) and Norway 1.509 tons in 
2001 (Forsell, 2002). Average slaughter weights are about 20 kg for calves and 
about 30 kg for adults. 

11.2. Pre-transport handling 

There is no doubt that catching and handling is stressful for reindeer. Rehbinder 
and Edquist (1981) showed that plasma cortisol, urea and ASAT (aspartate 
aminotransferase) all increased significantly on moving reindeer continuously 
around a corral for two hours or on subjecting them to the traditional catching 
procedure of lassoing and that values were much higher than in unstressed 
animals shot in the field. Manual catching of reindeer did not affect final pH 
values but plasma cortisol is elevated showing that this procedure is also 
stressful for the animals (Wiklund, 1996). The most common means used for 
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gathering and herding reindeer are helicopters, snowmobiles (in winter), 
motorbikes, dogs and horses often more than one means being used at one 
time (Malmfors and Wiklund, 1996). Provided that the herding method is used 
appropriately, i.e., according to the environmental conditions, such as snow 
cover, temperature, insect harassment etc., there are no negative effects on 
glycogen stores. Wiklund et al., (1996b) showed that a 3-day helicopter drive at 
20 km/day, which allows the reindeer to graze on the journey, did not affect 
glycogen stores or final pH values significantly. However, Rehbinder (1975) 
showed that gathering reindeer during hot summer days led to considerable 
calf mortality and as calves were also found to be most susceptible to glycogen 
depletion (Wiklund et al., 1995), special care must be taken with this category 
of reindeer. 

Reindeer transported immediately after gathering and selection can show very 
high pH values after slaughter. Wiklund et al., (1995) showed that 31.3% of 
reindeer gathered by helicopter over at least a 10 day period and subsequently 
transported 300 km showed DFD meat in the longissimus dorsi muscle after 
slaughter, DFD being defined as pH values ≥ 6.2. The corresponding values for 
reindeer kept for a time before transport varied from 3.5 to 8.4%, all depending 
on category. Wiklund et al., (1996a) also showed that animals in poor 
nutritional condition also showed higher pH values after slaughter compared 
with animals that had had supplementary feeding to improve their condition. It 
is therefore important to allow reindeer to recover from the gathering process 
before further transport begins and that animals in poor condition are fed for a 
period before transport occurs. 

11.3. Loading 

The method of catching reindeer is important and manual handling (catching 
with lassoes or manual catching) results in struggling animals which can 
seriously injure themselves.  The selected animals can be herded onto the 
vehicle without restraint (Wiklund et. al., 2001). Manual handling and restraint 
have been found to cause severe muscle glycogen depletion in reindeer (Essen-
Gustavsson and Rehbinder, 1984). Andersen, 1978, remarked that non-slippery 
and even surfaces during catching were very important to avoid injury to the 
animals and recommended that reindeer for slaughter be collected in a group 
the day before transport, so that it would be easier to move the animals 
towards and onto the vehicle. Reindeer show the same stress response to 
loading, as do farm animals. Using pre-programmed automatic blood sampling 
equipment, Wiklund et al., (2001) showed that cortisol increases during herding 
and loading. There are no publications regarding optimal loading facilities for 
reindeer but it can be assumed that they need the same conditions as sheep 
and goats. 

11.4. Transport 

After loading, cortisol levels decrease as the reindeer gradually calm down as 
transport progresses (Wiklund et al., 2001). However, average cortisol levels 
were independent of whether reindeer were transported or not. The authors 
speculate that the large variation in cortisol was due to individual reaction and 
may have been affected by the protection offered to some of the animals by the 
walls of the vehicle. Serum ASAT and urea increased significantly in transported 
reindeer compared with non-transported animals and this was interpreted by 



 95 
 
 

the authors as an indication that reindeer are physically stressed by transport. 
This physical stress does not necessarily have implications for ultimate pH after 
slaughter, as another experiment showed that transport up to 1000 km did not 
lead to any increase in ultimate pH in bulls and calves, although cows did have 
a slight increase in ultimate pH when transported more than 500 km (Wiklund 
et. al, 1995). There are limits to transport distance, however, when no feed is 
offered, and mortalities of up to 25% were observed for transports of reindeer 
from Russia to Norway (Anon, 1999). 

11.5. Stocking density 

According to Skoglund (1997) reindeer do not lie down during transport but 
maintain a stance with legs at an angle and heads held low, using these as a 
balance pole. This means that reindeer need more floor space than might be 
expected from their body size. Andersen, (1978) stated, however, that there was 
a difference in posture during transport and that this depended on sex. Females 
lay down before males, thus increasing their risk of being trodden on and it was 
recommended, in addition, that the sexes be separated during transport. Adult 
reindeer can have antlers and this will also affect space requirements, as well 
as grouping on the vehicle.  

There are no studies on the dimensions of various reindeer categories for 
transport but it is stated in Annex 9 of a Swedish report on Animal transport 
(SOU 2003-6) that reindeer vary from 120 to 220 cm in length and are 87-140 
cm tall at the withers. There are no studies on optimal stocking densities for 
reindeer either but Andersen, (1978) showed that with careful loading, bruising 
was reduced to 4% from 13% when reindeer were transported at 0.7 m2 per 
animal as against 0.5 m2, whereas with less than optimal loading facilities and 
transport at 0.6 m2 or 0.5 m2 per animal, the opposite was true (20% to 16%). 
Unfortunately, the author did not mention the size of the reindeer being 
transported or their previous history. 

12. TRANSPORT OF RABBITS  

12.1. Introduction 

The following information relates to domestic breeds and crossbreeds of the 
European rabbit (Oryctolagus cuniculus L.), including possible Oryctolagus 
crossbreeds with other species of the hare family (Leporidae). Domestic rabbits 
are farmed worldwide for meat, hair and fur production, and have been reared 
in cages or other closed areas since the Middle Ages (Löliger, 1992).  They are 
also commonly used as laboratory animals, increasingly as pet animals, and are 
exhibited at in several European countries (Löliger, 1992).  Even though they 
have been selectively breeding for many years in captivity, several studies have 
shown that domesticated rabbits maintain a behavioural repertoire similar to 
their wild counterparts (Vastrade, 1986; 1987; Podberscek et al., 1991a; Gunn 
and Morton, 1995).  Differences occur mainly in flight and vigilance behaviour, 
but social and sexual behaviour have changed very little (Held et al., 1995).  
Domestic rabbits are still able to utilise complex environments, so housing in 
cages is unlikely to satisfy many of their needs to show particular behaviour 
(Hansen and Berthelsen, 2000). 
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Rabbits are crepuscular animals, spending much of their time and energy on 
foraging, mainly at dusk and dawn (Xu, 1996; Lockley, 1961 and Love, 1964, 
cited by Berthelsen and Hansen, 1999). Wild rabbits are social and inquisitive 
animals (Huls et al., 1991; Lidfors, 1997), live in social groups (2-10 adult 
subjects and a variable number of rabbits under 3 months old), and have a 
linear dominance hierarchy that governs interactions among does (Vastrade, 
1984; 1986. In free-ranging rabbit colonies the male hierarchy seems to be 
correlated with area whereas females share their smaller ‘home range’ with 
other females (Vastrade, 1987).  During the establishment of a hierarchy the 
does may attack, bite and chase each other or engage in brief fights, but once 
the hierarchy is established, aggression is markedly reduced. Held et al. (1994) 
found that, although aggressiveness was rare in groups of does, it can become 
relevant when living space and flight distance are limited, particularly for low-
ranking animals which cannot withdraw when attacked.  In a farming situation, 
when given a choice, rabbits preferred to be in the same cage with other rabbits 
(Huls et al., 1991; Hafez, 1975).  However, they tend to fight with the same sex, 
particularly males, both for sexual and territorial possession (Xu, 1996). In this 
regard, scent marking the environment by chemical secretions (pheromones) 
plays an important role (Xu, 1996).  In semi-natural conditions, this behaviour 
seems to be strictly related to sexual maturity, since males did not display 
sexual behaviour before 70 days (Lehman, 1991).  Aggression is not confined to 
males and in group housed female laboratory rabbits, aggression can occur 
during, and after, the establishment of dominance hierarchies, and also in 
association with sexual behaviour (Held et al., 1994). Aggressiveness can vary 
considerably between seasons and days, as well as between groups and 
individuals, but low-ranking animals tend to receive more attacks than the 
others (Held et al., 1993).  However, outcomes of preference tests showed that 
laboratory low-ranking rabbits did not always avoid potentially stressful group-
pens if given the choice to stay in solitary compartments, suggesting that social 
interactions were still a strong attraction (Held et al, 1995). 

Alarm responses depend both on genetic characteristics and on previous 
experience, since learning can modify subsequent behavioural responses to the 
same stressor. A characteristic rabbit alarm signal is ‘thumping’, a rapid 
movement of the hind legs on the ground, which produces noise (Hansen and 
Berthelsen, 2000). In a comparative study of caged and floor pen reared 
rabbits, floor pen reared rabbits showed more freezing and less explorative 
behaviour compared with those that had been caged (Ferrante et al., 1992). 
This was thought to be because floor pen rabbits had a higher degree of 
adaptation due to their experience of an environment that was more akin to the 
wild (Ferrante et al., 1992). In a study on the effect of environmental 
enrichment on caged rabbits, no differences in escape reactions between 
rabbits reared in a conventional or an enriched cage system were found 
(Hansen and Berthelsen, 2000). However, enriched cage rabbits showed a lower 
frequency of timidity when captured, less stereotypic behaviour, and higher 
‘bounding’ (moving upwards or forwards with all feet from the floor) (Hansen 
and Berthelsen, 2000).  As a response to stress, rabbits showed increased 
restlessness, i.e. interrupting their behaviour more frequently and not 
completing ongoing activities (Lehmann, 1987; Metz, 1987; Hughes and 
Duncan, 1988).  Furthermore, several kind of abnormal behaviours, such as bar-
chewing or net-gnawing, excessive grooming, and stereotypic activities such as 
hair-chewing and licking, head swaying and pawing, feet beating or scratching 
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in a cage corner can develop (Stauffacher, 1992; Morton et al., 1993; Love, 
1994, Gunn and Morton, 1995; Hansen and Berthelsen, 2000).  The frequency 
of these abnormal behaviours can be reduced by environmental enrichment 
(Lidfors, 1997; Berthelsen and Hansen, 1999). 

12.2. Rabbits can show aggressive behaviours if their hierarchy is disrupted. 
Isolation and mixing 

Rabbits need to scent mark their territory, which seems to be more important in 
providing a familiar environment rather than as a signal to repel intruders. An 
aberrant behaviour noted was that caecotrophs were voided but not re-ingested 
(Mykytowycz, 1973). Therefore, according to Jolley (1990), “It seems reasonable 
to assume that being placed in a clean transport crate, or one with unfamiliar 
odours, is a stressful experience for the rabbit”, as well as “mixing with rabbits 
from different fattening cages, when a new social hierarchy will not be 
established”. 

C: Aggression can occur between animals regardless of the system of 
husbandry and may occur when mixing animals in preparation for transport. 

12.3. Animal preparation (loading and unloading) 

Rabbits destined for slaughter are generally transported on vehicles in plastic 
travel crates (60cm wide, 30cm high and about 100cm long) provided with 
loading doors (Leoni et al., 2000), and stocking density can vary up to 16 
animals/crate, according to body weight (size), journey length and season (in 
the summer loading densities are usually lower) (Leoni et al., 2000). According 
to Jolley (1990) crating could have the potential advantage of being less 
stressful for loading and unloading than handling animals individually.  

Loading can be carried out in one of two ways: in transport crates filled on the 
farms, or collecting and placing, even throwing, animals into crates fixed on a 
truck (Mourisse, 1999) . Rabbits on the upper truck levels are often subjected to 
a greater number of falls (Mourisse, 1999) than on lower levels.  In a 
comparative study of these two different loading methods, Fenelap (National 
Federation of the Rabbit Farmer Associations) showed that rabbits loaded into 
fixed crates had a reduction of 0.44% of carcass quality compared with those 
crated on the farm (Ouhayoun, 1992). 

Unloading is carried out by stacking the travelling crates in designated areas in 
an abattoir, where the animals can be subjected to ante-mortem inspection 
before slaughter.  During lairage, rabbits can be exposed to inadequate 
environmental conditions, and they are very sensitive to sudden changes in 
temperature and humidity, presenting problems at humidity levels <55%, and 
at temperatures less than 5C or greater than 30C (Leoni et al., 2000). 

C: The method of loading can affect carcase quality. 

C: Lairage conditions can affect rabbit welfare. 
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12.4. Journey management 

Jolley (1990) has reviewed the effects of different aspects related to transport 
on the welfare and meat quality of farmed rabbits. He pointed out that since in 
UK “there are few slaughterhouses for rabbits, these animals may spend 
considerable amounts of time in transit between farm and place of slaughter”. 
He found in a British Commercial Rabbit Association survey (Anon, 1987) that 
43% of rabbits experienced typically a “two stage” transport process, where 
individual producers take their stock to an intermediate location where the 
rabbits wait for collection and transport on to a processor.  At these stages, a 
number of potential stressful factors have been highlighted (see Table 12.4.1.). 

Table 12.4.1: The two-stage transport chain typical of commercial practice 

Location Event Stressor 
 

Farm Preparation for embarkation 
 
 
 
Crating 
 
 
 
 
Transport 

Handling 
Food withdrawal 
Water withdrawal 
 
Separation from family unit, may 
include weaning stress 
Mixing 
Unfamiliar environment 
 
Movement and noise 
Temperature and  
humidity changes 
Unfamiliar environment 

Collection point Stacking of crates 
 
Transport 

Unfamiliar environment 
 
Movement and noise 
Unfamiliar environment 

Processor Stacking of crates 
 
 
Slaughter 

Unfamiliar environment 
Distress signals 
 
Handling  
Stunning 

 (from Jolley, 1990) 
 

Transport and slaughter methods were shown to influence both rabbit welfare 
and production negatively (Luzi et al., 1992; Dal Bosco et al., 1997). These 
operations caused adverse changes in a range of physiological parameters 
suggesting they represent a severe stress for the animals, independently from 
their rearing system (Canali et al., 2000). For example, it was found at slaughter 
that after 6 hour transport by road, plasma cortisol levels were five-times higher 
than pre-transport, along with increases in blood glucose, CPK, AST and LDH 
activities, probably as a consequence of the physical stress of transportation.  
However, significantly higher CPK levels were observed in caged rabbits 
compared with those reared in a pen. Transport might, therefore, produce a 
more detrimental effect in rabbits that had been closely confined so preventing 
daily exercise and the expression of some natural behaviour, such as assuming 
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an erect posture and running (Canali et al., 2000). Their behavioural response to 
stress, with the flight-fight response being inhibited, may have resulted in 
prolonged isotonic contractions, a condition which has been shown to 
predispose to muscle damage (Spraker, 1982). 

 Animal preparation and handling 

Short (1967) underlined that “Correct handling is essential to produce 
tameness in the animal” and that “Handled animals should always be made to 
feel secure; they should be held firmly but not tightly. If an animal feels insecure 
or uncomfortable it will struggle to get free and in doing so becomes difficult to 
control”.  Poor handling can result in injury to the rabbit that may require it to be 
killed, and it could also cause quite serious injuries to the operator such as 
scratches and bites (Scobie-Trumper, 1995). Usually rabbits are very tame and 
frightened of human beings, and they may show a nervous aggression.  Signs of 
aggression in rabbits include: grunting, growling, using the front feet to scratch 
handlers, and biting. Accordingly, there are three important points to remember 
before handling. 

1. The rabbit has very powerful legs and long sharp claws which can inflict 
bad scratches on the operator. 

2. Rabbits commonly suffer fatal back injuries from incorrect handling or 
falling. 

3. Operators should always wear overalls with long sleeves to cover the 
arms and wrists, and remember to keep the face away from the rabbit 
even when it is restrained.”   

Recommendations for handling laboratory rabbits, such as how to lift a rabbit 
from a cage and for sexing, or how to restrain or carry it, have been described 
and these may also apply to farmed or pet rabbits (Short, 1967; Scobie-
Trumper, 1995).  

Little research has been done on the human-rabbit bond, and most of it has 
dealt with the effects of early handling (Podberscek et al., 1991b). Repetition of 
handling trials showed that both caged and pen reared rabbits adapted quickly 
to a positive interaction with humans, reducing their level of fearfulness 
(Podberscek et al., 1991b). Morera et al. (1991) observed increases of body 
temperatures in response to heat stress in rabbits, which were significantly 
higher (+ 0.4C) in subjects handled for the first time compared with trained 
ones. Early handling of rabbits (from birth to 3 weeks of age) reduced fear 
toward humans, probably through habituation (Metz, 1983/1984; Kersten et 
al., 1989).  

C: Positive interactions with humans at an early stage in life can reduce their 
level of fearfulness. 

Travel times  

A survey carried out in the North of Italy over one year looked at transport 
distances of 25, 50, 100 and 150km in intensively farmed rabbits (Luzi et al., 
1992). Carcass yield seemed not to be influenced by distance whereas body 
weight losses were highly correlated with both increasing travel times (from 
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1.4% for 1 hour transport to 4.6% for 7 hours) and inside truck temperatures 
(from 1.5% at 0-6C to 3.8% above 9C) (Luzi et al., 1992; Crimella et al., 1991). 
Season had no effect but this may be due to the fact that transport was always 
carried out at night, and so differences in environmental temperatures were not 
extreme (Luzi et al., 1992; Crimella et al., 1991).  The most critical conditions 
seemed to stem from night temperatures above 18-20C, with a relative 
humidity of 70-75%, transport times over 4 hours, and distances above 100km 
(Luzi et al., 1992).  

Even short journeys of 2 hours significantly increased body weight losses 
(1.76%), but these were moderate compared with those reported in other 
studies (about twice as high in Masoero et al., 1992; and almost three times 
higher in Ouhayoun and Lebas, 1995, Dalle Zotte et al., 1995). These losses 
probably reflected gut fill loss since dressed carcase weight was not affected.  
Short transport times also influenced the physico-chemical and sensory 
properties of the meat with muscle pHu significantly increased from 5.71 to 
5.86. In addition, cooking losses decreased, meat colour was darker but meat 
tenderness was higher (Dalle Zotte et al., 1995).   

Ashby et al., (1980), Purdue (1984) and Coppings et al., (1989) carried out a 
number of experiments on the effects of different periods of feed or water 
withdrawal up to 24 hours before transport and slaughter. The details of these 
studies have been summarised and compared by Jolley (1990). The major 
outcomes underline the difficulty of differentiating the effect of transport on the 
live weight of rabbits from that of concomitant fasting. For instance, weight 
losses were higher after 6 hour transport compared with rabbits fasting for the 
same period. However after 24 hours the fasted animals lost more weight than 
those transported (Purdue, 1984). These apparently contrasting results may be 
mainly due to changes in gut fill, which are influenced by water and food 
withdrawal as carried out pre-transport (Jolley, 1990).  However, Purdue (1984) 
reported that tissue fluid losses were enhanced in transport, since the 
proportion of total body weight loss was higher than that related to changes in 
gut fill.  Furthermore, transport slowed down the reduction in gut fill in rabbits 
that were allowed feed prior to transport compared with fasting alone (Purdue, 
1984). 

Neither heart or kidney weights were affected by fasting or transport (Coppings 
et al., 1989) whereas liver weight decreased with time. The effects of water or 
food deprivation and transportation on liver glycogen concentrations were more 
complex. Jolley (1990) summarised the major outcomes:  liver glycogen 
concentrations decreased rapidly after 6-12 hour fasting; water availability 
influenced liver glycogen concentrations as did plasma glucose concentrations.  

Ouhayoun and Lebas (1995) found that transport elicited a more pronounced 
response to stress than fasting alone, and that the length of the journey 
influenced the metabolic changes. In fact, pHu in the Longissimus dorsi and 
Biceps femoris was 0.2 units higher after a longer journey (250 km vs 30 km), 
as a consequence of depletion of muscle glycogen (Ouhayoun and Lebas, 
1995). However, after an 18-hour resting period the muscle pHu fell from 5.81 
to 5.72 following mobilisation of liver glycogen (Ouhayoun and Lebas, 1995). A 
significant reduction of muscle glycogen reserves was also observed after a 24-
hour journey, as glucose dropped from 15.5 to 8.23 μmoles/g muscle tissue 
(Jolley, 1990). Transport (either 6 or 24 hours) increased the depletion of 
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muscle glycogen more then fasting alone, independently of whether the 
animals had been fed before the journey (Purdue, 1984). This condition led to 
raised pHu (6.27 vs 5.90) and water-holding capacity, decreased lightness and 
colour saturation and drip losses. Such changes have been observed as dark, 
firm and dry meat (DFD), (Hulot and Ouhayoun, 1999). According to Masoero et 
al., (1992) and Xiccato et al., (1994), two hours in the lorry are enough to cause 
a significant rise of pHu.  

Changes potentially leading to pale, soft, exudative (PSE) meat, characterised 
by low pHu, have been registered in the rabbit, but these seem more related to 
the amount of activity immediately before and after stunning, such as violent 
struggles following decapitation (Bate-Smith and Bendall, 1949). However, no 
specific studies have been carried out on the effects of transport. According to 
Jolley (1990) even if rabbits incline to PSE, this is unlikely to be a commercial 
problem because some degree of paleness is a positive attribute for rabbit 
meat. However, Jolley (1990) underlined that, even in the rabbit, the presence 
of low pHu has to be considered a potential indicator of stress, and can be used 
to identify welfare problems related to transport operations. Rabbit muscle pH 
and related traits have been reviewed by Hulot and Ouhayoun (1999). 

12.5. Space allowance 

Transport by road  

No scientific data are available on experiments carried out on the effect of 
space allowance during transport on rabbit welfare. On the other hand, the 
incidence of stocking densities in different farming systems has been studied 
(Coulmin et al., 1982; Maertens and De Groote, 1984; Mourisse and Maurice, 
1997; Mourisse, 1999). In male and mixed-groups of fattening rabbits, the 
frequency of aggressive encounters increased with group size. In groups with 
10-15 animals it was significantly lower than in groups of 16-30 or ≥ 40 
animals (Bigler and Oester, 1996). High stocking densities in housing systems 
(from 40 kg/m2) were found to negatively influence rabbit performance, leading 
to problems such as fur plucking and ear biting (Maertens and De Groote, 
1984). The composition of the social group and the space available for each 
animal has been shown to affect also rabbit behaviour (Mourisse, 1999). An 
increase of stocking density, from 15.3 to 23 rabbits/m2, reduced social 
interactions and locomotory activities and increased self-directed activities in 
growing fattening rabbits (Mourisse and Maurice, 1997). No increase in 
agonistic behaviour was found in relation to stocking density probably as 
dominance and sexual behaviour leading to aggression is uncommon in rabbits 
slaughtered before sexual maturity.  These findings seem to confirm that 
rearing young rabbits in mixed sex groups can be carried out without a major 
problem (Mourisse and Maurice, 1997).  Scientific results suggest that cage 
stocking density in farming conditions should not exceed 40 kg/m2 (Maertens 
and De Groote, 1984; Mourisse and Maurice, 1997) and this is in agreement 
with the space allowance recommendations for rabbit housing given by the 
German Group of the World Rabbit Science Association (1992), as described in 
Löliger (1992).   

It should be noted that motivation for space may be very important for rabbits, 
since they will work hard to access a large area (0.315 cm2) (Bessei, 1997; 
cited by Morisse, 1999). 
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Some indication of the space allowances in use for rabbit transport can be 
obtained from information derived from the commercial practices. Rabbits are 
usually transported in large vehicles (carrying up to 3000 animals).  The number 
of rabbits loaded into a commercial crate (60cm x 100cm, 30cm high; Leoni et 
al., 2000) varies according to animal weight (from 13-16 rabbits/crate for 2-
2.2kg rabbits, to 10-12 rabbits/crate for 2.6-3.0kg rabbits), and season (or 
ambient temperature), when the number is reduced to 10-11 rabbits/crate in 
the summer, even for the lighter rabbits. Crates are usually packed in such a 
way as to leave an internal area for improved airflow to the central area of the 
vehicle 

If we analyse data from commercial practice, the best condition was 10 
rabbits/crate with a space allowance of 0.06 m2/rabbit. This area represents 
less than a third of the minimum floor space allowance recommended for 
rabbit farms (0.20 m2 for rabbits up to 4 kg/lw) by the German Group of the 
World Rabbit Science Association (1992, in Löliger, 1992). 

C: No scientific data are available on experiments carried out on the effect of 
space allowance during transport on rabbit welfare.  However, from space 
allowances for commercial practice it would appear that a space allowance of 
m2/rabbit/crate would not be unreasonable. This density may have to be 
reduced in hot conditions (i.e. above 18-20oC). 

Transport by air 

Air cargo is rapidly increasing as a mode of transport and so control of 
temperature, relative humidity and ventilation rates are crucial factors. Only one 
study has been specifically focused on heat and weight losses of rabbits during 
simulated air transport (Ashby et al., 1980).  They found that heat production 
after 48 hour fasting subjected to simulated transport at 21C, averaged about 
twice the basal rate.  In particular, the restricted activity in the crates and the 
fasting apparently reduced the heat loss to about 40% less than unstressed 
subjects (Ashby et al., 1980). Weight loss after 48 hour fasting and transport 
was 10% and the rabbits required about 42 hours to regain their original 
weight, but 75 hours were needed before they returned to their normal growth 
rate. Equations for predicting heat and weight loss were calculated. 

C: Air cargo is rapidly increasing as a mode of transport and so control of 
temperature, relative humidity and ventilation rates are crucial factors. 

Floor type 

Rabbits panic if placed on a smooth surface, preferring to be placed on rough 
material where they feel more grip, for example towelling, sackcloth, wire mesh 
(Scobie-Trumper, 1995). Smooth floors may also prevent foot disease such as 
pododermatitis (Rommers and Meijerhof, 1996).  Fattening rabbits kept under 
intensive conditions preferred a wire floor to deep litter with straw (Mourisse et 
al., 1999).  UFAW (1988) recommend the use of solid floors for rabbit transport 
crates, in order to prevent contamination with urine and faeces from the higher 
to lower crates, but spillage may still occur promoting aggression between the 
animals (Jolley, 1990). Chemical communication plays an important role in 
rabbit behaviour (Vastrade, 1986; Xu, 1996) and urine marking is a territorial 
and social display signal in rabbits, so much so that if young rabbits are 
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smeared by foreign urine their mother will attack them (Mykytowycz, 1958).  
Therefore, Jolley (1990) pointed out that the presence of new olfactory cues 
during crating and transport will probably induce responses that may vary 
depending on age and sexual maturity. 

C: Flooring type can predispose to aggression and so should be taken into 
consideration. 

12.6. Thermal conditions 

The recommendations for ambient temperatures in caged systems are 20C for 
weaned rabbits and 10 to 15C for breeding rabbits (Bessei et al., 1997).  
Extreme conditions, such as temperatures above 35C or low humidity (below 
55%), were found to be detrimental for rabbit welfare (Lebas et al., 1986).   

Several studies have been carried out to investigate the effects of 
environmental temperature under different farming systems (Chiericato et al., 
1994; 1995; Amici and Merendino, 1996) but few have focused on thermal 
conditions in transport (Ashby et al., 1980; Purdue, 1984) and so those for 
husbandry may act as a guide.   

Rabbits subjected to thermal stress can adopt changes in body position to 
adjust their heat losses (Jolley, 1990). The rabbit cannot sweat but can pant, 
and heat can also be lost by vasodilatation in the ears (Gonzalez et al, 1971; 
Harkness, 1988).  Simplicio et al., (1988) observed some variation in metabolic 
parameters following heat stress conditions.  A decrease in Vitamin C was seen 
one week after exposure at 30±2C (Verde and Piquer, 1986), and the addition 
of bicarbonate in the diet improved growth performance (Bonsembiante et al., 
1989) and was thought to help reverse the metabolic changes caused by 
panting (Finzi et al., 1986).  Rabbits reared under high temperatures (30C, 65% 
relative humidity) had higher plasma concentrations of cholesterol, creatinine, 
AST, ALT and chlorine compared with rabbits reared at a lower thermal range 
(12C, 65% relative humidity) (Chiericato et al., 1994).  Rabbits exposed to heat 
stress (33.5C) showed a significant increase in rectal temperature (1.5C) and 
plasma levels of Vitamin E, but feed consumption and immunological measures 
were decreased (Amici and Merendino, 1996).  Raised temperatures also (27C) 
markedly affected nutrient intake, overall growth performance and androgen 
and thyroid hormones significantly decreased compared with subjects kept 
under thermoneutral conditions (Chiericato et al., 1995); cortisol plasma levels 
were not influenced by temperatures between 20 and 27C. On the other hand, 
animals at lower temperatures showed a marked variation in productivity, 
presumably because of the need for increased thermogenesis and presumably 
greater adipogenesis. Rabbits also showed higher feed intakes, daily 
bodyweight gain and more unfavourable utilization of the feed (Chiericato et al., 
1994) .  Season and type of housing system also has a significant effect on 
productivity and meat quality of rabbits (Paci et al., 1999), with higher mortality 
rates in the summer (11% at an environmental temperature ranging from 18 to 
32C) (Paci et al., 1999).  There is little information on the rabbit reaction to low 
temperatures, but practical experience shows that they are quite resistant to 
cold (Bessei et al., 1997).  When rabbits were given a choice of moving between 
compartments at 10, 15 and 25C, they showed a clear preference for the 
lowest temperature and that preference increased with age (Bessei et al., 
1997).   
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Rabbits subjected to simulated transport stress significantly increased their 
respiratory rate, which remained elevated for several hours. It is possible that in 
transport crates, overcrowding might impede the adoption of thermal 
adjustment postures and heat dissipation mechanisms, leading to welfare 
problems. This is particularly critical when crated animals are awaiting 
slaughter after transport, in poorly ventilated areas, or are not protected from 
adverse weather conditions (Jolley, 1990). UFAW, (1988) recommended that 
rabbits should not spend more than 8 hours in the crates, including the 
transport time. 

The rabbit sensitivity to air flow and toxic gases (ammonia) has been studied by 
Mourisse et al., (1977 and 1978) and high ammonia concentrations (from 20 to 
30 ppm) were shown to predispose rabbits to respiratory Pasteurellosis 
(Mourisse et al., 1977; 1978). 

C: Few studies have focused on thermal and other appropriate conditions in 
transport.  It is important to avoid extremes of temperatures (e.g. reasonable 
estimates of acceptable temperatures are likely to be between 10 and 20oC) 
low air flow rates, and high ammonia levels (greater than 20ppm). 

12.7. Feeding and watering 

Domestic rabbits have the same rodent type behaviours as true rodents, i.e. 
when they are not feeding, they often chew the cage, litter box or any materials 
that have hard, projected surfaces (Xu, 1996).  Rabbits carry out caecotrophy 
ingesting caecotrophs taken directly from the anus. These caecotrophs differ 
greatly in nutritive composition from the hard ones, which are commonly 
excreted (Xu, 1996).  Caecotrophy is nutritionally important for rabbits as they 
obtain large amounts of proteins and water-soluble vitamins (B and K) through 
the action of bacteria in the hind gut (Cheeke et al., 1987).  Such recycling of 
faeces probably provides good protection from starvation and may explain why 
rabbits are considered to be resistant to such conditions (Lebas et al., 1986; 
Jolley, 1990).  Food withdrawal during transport may prevent caecotrophy and 
they may find this stressful (Jolley, 1990).  However, no studies have been 
carried out to investigate if overcrowding in transport crates impedes this 
behaviour (Jolley, 1990).  It is well known that caecotrophy stops when a rabbit 
is sick (Xu, 1996).  

Fasting for 12 hours caused a 3-4% body weight loss and after 36-48 hours this 
had increased to 10-12%, but these losses could be reduced if water was 
provided (Ashby et al., 1980; Purdue, 1984).  High muscle pHu was recorded in 
rabbits deprived of food for 48 to 72 hours (Bate-Smith and Bendall, 1949).  
This rise in pHu, from the 24th hour of fasting, was due to depletion of muscle 
glycogen reserves (Jolley, 1990).  According to Lebas et al., (1986) rabbits are 
very resistant to thirst, since they can survive water deprivation for up to 4-8 
days without irreversible damage.  The rabbit body contains about 70% water, 
and is somewhat higher for young animals (Xu, 1996).  

When given dry feeds most of their water intake (60%) naturally occurs at night.  
If water intake was limited to 10 minutes every 2 days, a reduction in feed 
intake, growth and body weight were observed but this effect was not 
significant if the water restriction was carried out daily (Xu, 1996).  However, 
this condition has been shown to have adverse effects on milk production by 
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does, and consequently on the suckling pups, particularly when associated with 
high environmental temperatures (Xu, 1996).   

The effects of different periods of water removal (17, 24 and 41 hours), journey 
length (30 vs 250 km) and lairage (after arrival vs 18 hours) on rabbit meat 
composition and yield have been investigated (Ouhayoun and Lebas, 1995).  
After 41 hours of water withdrawal, weight losses increased by up to 7.9%, 
whereas carcass yield decreased by 3% (from 60.3 to 57.1%).  Longer travel 
distances and lairage times significantly increased weight losses (from 3.65 to 
5.78%), and reduced muscle glycogen reserves and as a result, muscle 
(Longissimum dorsi) pHu at 24 hours increased from 5.56 to 5.69 (Ouhayoun 
and Lebas, 1995).  

C. Rabbits can reasonably withstand food and water deprivation for 24hours 
without significant adverse effects on bodyweight and carcass quality. 

C. Lactating does with litters should not normally be transported. 

Diseases 

It is currently accepted that digestive pathologies are the most important in 
young rabbits, while in adult animals respiratory and reproductive pathologies 
are more frequent (Rosell, 1996). In farm and abattoir surveys, the zoonotic 
risks associated with Toxoplasmosis, Chlamydiosis, Salmonellosis, Listeriosis, 
Staphylococcus and E. coli infections and dermatomycosis were found (Facchin 
et al., 1996).  Some other diseases of rabbits, such as rabbit viral haemorrhagic 
disease, can be spread by transport.  Deformations of the vertebral column 
were shown to be dependent on cage size (Drescher, 1996). 

C. As with all animals there is potential for the spread of serious diseases by 
transport. 

Mortality rates  

No data are available on transport mortality rates in rabbits, but information 
obtained from commercial practices suggests that mortality rates of between 
0.1% and 0.4% occurred when the pre-slaughter fasting period was longer than 
12hours (Leoni et al., 2000).  Cases of post-transport mortality rates of 7 and 
8% have also been reported, particularly if the vehicle was not provided with a 
controlled air ventilation system.  This mortality can rise dramatically when 
unexpected long stops occur during the journey, e.g. traffic jams.  Elevated 
ambient temperatures and high humidity rates can increase losses even 
further.  Under-graded carcasses represent about 1% and are due to trauma or 
broken bones. Ferrari et al. (1989) observed a high incidence of traumatic 
lesions, characterised by subcutaneous haemorrhages caused by loading and 
unloading for transport. These lesions were mainly leg fractures and bruising 
which reduced meat gradings (Leoni et al., 2000). 
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13. TRANSPORT OF DOGS AND CATS  

13.1. Introduction 

Transport may be stressful for dogs and cats (MacArthur, 1987a; Leadon and 
Mullins, 1991). However, there is much less information available on the effects 
of transport conditions on the welfare of dogs and cats than on many other 
domestic species, particularly farm animals. Further, much of the available 
information is in the form of recommendations based on practical experience, 
rather than on controlled experiments. This distinction between practical 
recommendations and scientific evidence will be made clear whenever possible 
in this report.  

This report focuses on (1) individual differences in responses to transport in 
dogs and cats, (2) space allowance when animals are transported individually, 
(3) transport of several animals together, (4) recommendations other than size 
on the containers used to transport dogs and cats, (4) feeding and watering 
frequency, (5) animals unsuitable for transport, and (6) inspection. 

13.2. Individual differences in response to transport 

Individual dogs and cats may differ greatly in their response to stressors and it 
is likely that this applies to the stress of transport as well. Although part of this 
individual variability is probably due to genetic factors, habituation, rearing 
conditions also play a role. There are at least three important issues to consider: 

a. There is a “socialization period “ in puppies that is very important for the 
formation of primary social attachments. This period extends for 2-3 to 9-13 
weeks of age (Scott, 1962; Scott and Fuller, 1965). This period is relevant 
here because it is recommended that the puppy should be introduced 
during the socialization period to the stimuli that it is likely to encounter as 
adult (Scott and Fuller, 1965), so that it becomes easily habituated to them. 
Thus, exposing the puppy to the container used for transport before the end 
of the socialization period may be useful. A similar period has been 
described in cats and it extends from 2 to 7 weeks of age (Karsh and Turner, 
1988). 

b. Early handling of puppies and kittens may have beneficial effects on their 
response to stressors later on in life. Canine neonates exposed to varied 
stimulation from birth to five weeks of age were found to be more confident 
when tested later in strange situations than non-stimulated animals (Fox, 
1978). Similarly, kittens which were handled for five minutes per day from 
birth to 45 days of age approached strange objects more readily than 
controls (Wilson et al., 1965). Thus, although no studies have been done on 
the effects of early handling on the stress of transport, it seems likely that it 
may have a beneficial effect. 

c. Habituation helps in the management of potentially stressful events in 
animals and habituating dogs and cats to transport conditions may be 
useful (Leadon and Mullins, 1991). IATA (2002) recommends that dogs and 
cats are habituated to the container that will be used for air transport well in 
advance of the journey. Similarly, habituation to humans is important to 
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avoid fear reactions during transport and handling. Some dogs may benefit 
from the presence of the owner as this can decrease fear and stress.    

13.3. Space allowance when animals are transported individually 

Dogs and cats are usually transported in specially designed containers, either 
individually or –less frequently- in groups. Dogs may also travel loose in small 
groups in the cargo area of a suitable vehicle (LABA and LASA, 1993) 

Individually transported dogs 

As it is generally recommended that the container used to transport dogs 
should be large enough to permit the animal to lie down (see below), it might be 
useful to know the resting postures adopted by dogs. Dogs may lie down in four 
different postures (Beaver, 1999): sternal recumbency, lateral recumbency, a 
combination of cranial sternal recumbency and caudal lateral recumbency, and 
on their back. When dogs lie in lateral recumbency, legs may be fully extended 
and the area occupied by the dog will then be equivalent to its length multiplied 
by at least its height from floor to withers. According to Beaver (1999), lateral 
recumbency may account for up to 26% of the total lying time, sternal 
recumbency for up to 20% and the combination of lateral and sternal 
recumbency for up to 53%. 

Recommendations by other bodies   are that the container should be large 
enough to permit the animal to stand in a natural position, turn around and lie 
down (LABA and LASA, 1993; AATA, 2000). 

In several of the available set of recommendations, the size of the container is 
based on three measurements: 

o Height of the animal (H) (from floor to top of the head) 

o Length of the animal (L) (from nose to root of the tail) 

o Width of the animal (W) (measurement through the shoulders) 

o Length of legs (B) (from floor to elbow joint) 

The recommended size of the container is then:  

o Length = L + 20 cm (AATA, 2000) or L + ½ B (LABA and LASA, 1993) 

o Height = H + 5 cm (AATA, 2000) or H (LABA and LASA, 1993) 

o Width = W x 2 (LABA and LASA, 1993; AATA, 2000) 

The main difference between the two sets of recommendations refers to the 
height of the container. Although we are not aware of any experimental work 
addressing this issue, the recommendation of AATA will probably allow for 
better ventilation. A second issue is that in some cases, none of the above 
recommendations would allow the dog to lie down in lateral recumbency, as the 
container should then be wider. This may be relevant because as explained 
above lateral recumbency accounts for a considerable proportion of the total 
resting time. However, to the best of our knowledge there is no study on the 
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effects that being prevented from adopting this posture may have on the dog’s 
welfare. Finally, AATA recommendations on extra space (20 cm in length or 5 
cm in height) do not take into account differences between dogs in body size. It 
would be better, therefore, to relate this extra space to the size of the dog. The 
above recommendations refer to laboratory dogs, i.e. mainly Beagles, that 
measure between 30-40 cm in height (from floor to the withers, which would be 
equivalent to some 60 cm from floor to top of the head) and some 60 cm in 
length (from nose to the root of the tail). Therefore, the recommended space is 
roughly equivalent to L + 30% and H + 10%. 

Individually transported cats 

As it is generally recommended that the container used to transport cats should 
be large enough to permit the animal to lie down (see below), it might be useful 
to know the resting postures adopted by cats. According to Beaver (1992) there 
are three basic body postures associated with lying. Sternal recumbency is one 
of them; the forepaws may be pointed forward or rotated and flexed so that 
they are tucked back under the cat. A second posture is complete lateral 
recumbency with the cat either stretched out or curled with the paws folded 
around one another. Lateral recumbency is associated with sleep; cats may 
sleep for up to 9-12 hours a day, i.e. 40-50% of the total time (Beaver 1992).  
The posture adopted when in lateral recumbency is affected by ambient 
temperature and the warmer the environment, the more stretched out is the 
posture adopted by the cat. The third lying posture is a combination of cranial 
sternal recumbency and caudal lateral recumbency.  

Recommendations given by other bodies are that the container should be large 
enough to permit the animal to stand in a natural position, turn around and lie 
down (LABA and LASA, 1993; AATA, 2000). LABA and LASA (1993) recommend 
containers 52 cm long x 35 cm wide x 35 cm high (in the case of rectangular 
containers) and 50 cm diameter x 35 cm high (in the case of circular tubs). 
Hurni and Rossbach (1987) recommend containers of 61-68 cm long x 36-44 
cm wide x 40 cm high. AATA (2000) recommends working out the size of the 
container using the same method as in the case of dogs. 

The above recommendations can be divided into two groups: those that take 
into account the actual size of the cat (AATA, 2000) and those that do not (LABA 
and LASA, 1993; Hurni and Rossbach, 1987). The obvious problem with the 
latter is that cats may differ in size. Although the diversity of body size is much 
less in cats than in dogs, there may still be a large variation. For example, adult, 
non castrated males may weigh between 3.5 and 7 Kg –and in some cases 
even more-, depending on body condition and breed, among other things. In 
principle, then, AATA’s recommendations would appear better. Nevertheless, 
the problem already mentioned for dogs will also occur with these 
recommendations, as some cats might be prevented from lying down in lateral 
recumbency with fully extended legs. This might occur, for example, with thin, 
slender breeds such as the Siamese. Again, to the best of our knowledge, there 
is no study on the possible effects that this might have on the welfare of the 
animal. 
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13.4. Transport of several animals together 

Recommendations given by other bodies are that dogs and cats may travel in 
group only if (1) they are familiar with each other and do not show aggressive 
behaviour, (2) females are not in oestrus, and (3) none is over 14 Kg bodyweight 
(AATA, 2000). Following the Animal Welfare Act of the United States 
Department of Agriculture, IATA (2002) states that only dogs and cats less than 
6 months of age, weighing less than 9 Kg and having a comparable body size, 
can be placed together in the same container for air transport, even if the 
animals are familiar to each other. The reason for this is that even acquainted 
animals may become stressed and aggressive when travelling by air (IATA 
2002). 

According to LABA and LASA (1993), a maximum of 2 adult dogs of comparable 
size up to 14 Kg each that are compatible with each other may be shipped in 
the same container. Animals over that weight must travel individually. Animals 
up to 6 months old from the same litter and up to a maximum quantity of 3 
animals may be shipped in the same container. The length and height of the 
container are determined in the same way as for a single animal, considering 
the largest animal. The width of the container should be W x 3 (2 animals) and 
W x 4 (3 animals).  

According to Martin (1998), one cat per container is permitted for air travel and 
up to 4 compatible cats per container are permitted for ground transportation, 
but no information is available on the size of containers for more than one cat. 
Hurni and Rossbach (1987) state that containers of the recommended size (see 
above) can accommodate 1 or 2 cats, that should be of the same breeding 
group to avoid fighting. 

It is well known than dogs and cats may be aggressive towards unfamiliar 
conspecifics. It seems therefore reasonable that unfamiliar individuals should 
not be transported together. The problem, however, is whether transporting 
familiar animals together can be recommended. One problem that must be 
considered is redirected aggression. A redirected behaviour is a motor pattern 
appropriate for a motivational state that is directed to an irrelevant but 
accessible target because the primary target or stimulus is inaccessible 
(Bastock et al., 1953). Redirected aggression is common in animals and seems 
to be particularly frequent in cats (Chapman and Voith, 1990). A common 
situation that may elicit redirected aggression is when a cat is aroused because 
it is afraid and reacts aggressively towards another cat that is nearby (Borchelt 
and Voith, 1982). As it is likely that transport may be frightening, redirected 
aggression may occur even between well acquainted individuals. Therefore, 
particularly when animals may not be frequently inspected during the journey –
as it may be the case, for example, during air transport, it is  preferable not to 
transport several animals together in the same container, with the exception of 
young dogs and cats.     

13.5. Qualities needed for the containers used to transport dogs and cats 

Containers used to transport dogs and cats should safely and securely contain 
the animal or animals. The inside of the container must be free of any 
projection or object that could injure the animal. Animals must not be able to 
push parts of their bodies through the sides of the container. Containers should 
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be clearly marked “LIVE ANIMALS” and it should be indicated which side must 
face up. Also, each container must be clearly marked with the type and number 
of animals in it, and the consignor’s and consignee’s name, address and 
telephone. All containers must be secured to the vehicle (Hannah, 1998; LABA 
and LASA, 1993; AATA, 2000). Bedding should be provided (Hurni and 
Rossbach, 1987; AATA, 2000) 

According to AATA recommendations (AATA, 2000), containers should be 
loaded in such a way that there is at least 10 cm space between each crate for 
ventilation. Dog containers should not be stacked more than two high, and cat 
containers not more than three high. Containers should be mounted on pallets 
to raise them from the floor. Antagonistic animals should be loaded in such a 
way that they can not see each other. 

It has been mentioned that one difficulty with the size of the container may 
occur during air transport, when animals are transported in the below-floor 
cargo section of passenger carrying airlines. The dimensions of the door of this 
section may prevent the use of containers taller than 86.5 cm (for example in 
Boeing 737 aircraft) which is less than the height of some dogs (Leadon and 
Mullins, 1991). It is not clear whether this may cause stress in the animals. 

Thermoregulation problems appear to be important welfare problems in the 
transport of dogs (Laedon and Mullis, 1991) and possibly cats (Martin, 1998). At 
least in this latter species, cages made from highly insulating plastic material 
should be avoided, as they can cause overheating (Hurni and Rossbach, 
1987).Although there is very little information on the range of acceptable 
temperatures for dogs and cats, it is accepted that adequate ventilation is 
important for the welfare of both species. The ventilation system should provide 
fresh air with minimal drafts (Martin, 1998). For dogs, ventilation is adequate if 
one whole side of the container be open and consist of bars or wire mesh. In 
addition, ventilation openings of 2.5 cm over the whole surface of the opposite 
side at a distance of 10 cm from centre to centre of each opening are needed 
with similar openings on the upper third of the remaining two sides. The total 
ventilated area needed a minimum of 16% of the total surface area of the 4 
sides (LABA and LASA 1993; AATA, 2000). Similar recommendations are given 
for cats; Hurni and Rossbach (1987) advise that the total ventilation area 
should occupy 10-15% of the area of the side. It is important to remember that 
animals must not be able to push parts of their bodies through the sides of the 
container. In the case of dogs, different breeds may differ in their susceptibility 
to heat stress and transport of animals such as boxers, bulldogs and Pekinese 
when ambient temperatures are high may not be safe, as dogs with snub nose 
have difficulty in maintaining a normal body temperature in hot weather (IATA, 
2002).   

13.6.  Feeding and watering frequency 

According to Mugford (1977), dogs that have free access to food 24 hours a day 
eat many small meals a day. Rashotte at al. (1984) found that Beagles living in 
individual kennels with dry food freely available eat at dawn, at dusk and 
whenever fresh food is offered. This suggests that feeding only once a day is not 
preferred by dogs.  
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It is widely accepted that all breeds of dogs descend from the wolf (Canis lupus) 
(see Lindsay, 2000 for a review). Wolves digest food quickly and eat several 
times a day when large amounts of food are available. On the other hand, 
however, it is not uncommon for wolves to have to go without food for several 
days at a time and wolves seem to be well adapted to fasting (Mech, 1970).  

Cats eat many small meals per day when food is freely available. This is not 
surprising considering that that small rodents are the natural prey of cats and 
that wild or feral cats may kill and eat many mice per day (Houpt, 1998). 

The metabolic effects of fasting have been studied in dogs by De Bruijne and 
Koster (1983). Maximal depletion of liver glycogen occurred between the 
second and the third day of fasting and starvation-induced glycogenolysis was 
much slower in the dog than in men and rats. The authors concluded than in the 
fasting dog larger amounts of glycerol are available for gluconeogenesis than in 
other species. This may suggests that dogs are more resistant to fasting than 
other species. 

Recommendations given by other bodies are that adult dogs and cats should be 
fed at intervals of not more than 24 hours (MacArthur, 1987a; LABA and LASA, 
1993; Martin, 1998; AATA, 2000). Water should be provided every 12 hours 
(MacArthur, 1987a; LABA and LASA, 1993; Martin, 1998; AATA, 2000). Water 
can be provided in spill-proof containers for long journeys (MacArthur, 1987a; 
AATA, 2000) or the vehicle should be stopped to offer water to the animals. In 
this case, the animals should be allowed sufficient time to drink; LABA and 
LASA (1993) recommend 30 minutes for dogs and cats, whereas Martin (1998) 
recommends 1 hour for drinking twice a day for cats. 

Young animals more often, puppies and kittens less than 16 weeks of age at 
least every 12 hours need food according to Hannah (1998). MacArthur (1987a) 
recommends that “young” dogs are fed every 8 hours. According to AATA 
(2000), animals under the age of 6 weeks should be allowed to suckle at 
intervals of not more than 4 hours (see below). 

Dogs and cats are prone to travel sickness and vomiting. LABA and LASA 
(1993) therefore recommend that the animals are fed a light meal 4 hours 
before commencing the journey and should be exercised immediately before 
dispatch to stimulate elimination. AATA (2000) recommends that the animals 
are not fed for 2 hours prior to dispatch. IATA (2002) advises reducing the 
quantity of food given to the dog or cat the day before an air transport, leaving 
water available not taking dogs for a walk before being shipped so that they are 
allowed to urinate and defecate. A light meal before tendering the animal to a 
carrier may have a calming effect.  

Although it is difficult to critically assess the LABA, LASA and AATA 
recommendations, it may be concluded that although feeding once every 24 
hours is not preferred by dogs, they are relatively well adapted to fasting. One 
point that should be kept in mind, however, is that dogs differ greatly in body 
size and small dogs may not be as resistant to fasting as medium or large dogs. 
Other factors such as body condition, degree of insulation, feeding before 
transport, and handling before and during transport may also modify the 
animals’ response to fasting and this should be taken into account. In cats, 
there is even less information available. 
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13.7.  Transport of young animals, inspection and use of drugs 

Young animals under the age of 6 weeks are not generally suitable for 
transport. If left with their mother there is a risk of accidental suffocation. 
However, they need to suckle at frequent intervals (see above) (AATA, 2000). 
Inspection every 4 hours, when temperature, ventilation and general condition 
of the animals can be checked is important (Hannah, 1998; Martin, 1998). 
Using drugs when animals are transported by air may be dangerous, as drugs 
may act differently at the pressure in the cabin and cargo area (IATA, 2002).  

14. TRANSPORT OF RODENTS AND PRIMATES 

Several of the species which are used in laboratories are mentioned in other chapters 
of this report, for example rabbits, dogs and cats. However, rodents are not discussed 
elsewhere so will be considered briefly here. 

Primates might be transported for various reasons, especially because they are used 
in laboratories. A short section from the SCAHAW Report on the welfare of captive 
primates is reproduced here. 

Despite the fact that large numbers of laboratory animals are transported, largely 
from supply companies to the laboratories where the animals will be used, very few 
scientific studies provide data of any kind on the effects of transport on laboratory 
animal welfare. The material presented here is largely derived from guidelines 
produced as a result of practical experience so less reliance can be placed upon it 
than on data from scientific research. 

14.1. Rodents 

The transport of laboratory rodents, particularly the species listed below, is 
based on practical experience of moving probably millions of animals over 
several decades.  The species about which there is most practical experience 
are laboratory rats (Rattus norvegicus) and mice (Mus musculus).  Other rodents 
are also transported include the guinea-pig (Cavia porcellus), the golden 
hamster (Mesocricetus auratus), and the Mongolian gerbil (Meriones 
unguiculatus).  All of these are quite small or very small mammals, hence they 
can be transported in cages and other sorts of boxes. These boxes are designed 
so that gnawing animals cannot escape and are provided with ports that permit 
ventilation and inspection.  The box construction material and the bedding 
material are non-toxic and non-consumable.  Some of the containers are 
washable, autoclavable and re-usable.  With the exception of hamsters that do 
not normally live in social groups, and male mice of some strains, animals are 
often transported in breeding pairs or in groups that are familiar with each 
other.  Extreme care should be taken when placing animals in boxes, as well as 
removing them so that if animals escape they can be easily caught, for example 
in a garbage bin or hood.  Several groups can be transported in one cage or box 
through the use of cage dividers.  

Food and water are supplied as may of these small species require constant 
access to feed to maintain their body temperature.  Food for rodents during 
transport is normally in the form of dried pellets or in some cases fresh 
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vegetables and fruit (e.g. apples, carrots, potatoes) and, provided that the 
animals have had experience of such food, these diets are adequate.  Food that 
is likely to decay over a short time should be avoided.  Water is commonly 
provided sometimes provided from agar or as colloidal “gelled water”.  

Rodents require sufficient space to be able to adopt a comfortable resting 
position, to groom, to rear up, and to move in general.  The stocking densities 
recommended by the Laboratory Animal Science Association for rodent species 
given below are based on practical experience.  Mortalities can occur from 
fighting when unfamiliar animals are shipped, or they have been diverted during 
a flight and kept in inappropriate places at airports.  There are different 
recommendations on stocking densities for filter top transport boxes and those 
where the circulation is not impeded.   

Since welfare during transport will be poor if animals give birth during the 
journey, it is necessary to know the date of onset of pregnancy and the 
gestation period, so that the last five days of pregnancy can be avoided (see 
Table 14.1.1.). 

It may be necessary to change some aspects of transport if genetically modified 
animals or genetic mutants with different needs are transported, for example 
some mutants are hairless. 

 

 

 

Table 14.1.1. Typical gestation periods and latest day for transport . 

Species Gestation period Last day for transport 

Cat 64-67 42 

Dog 61-65 40 

Guinea pig 56-75 45 

Primates: Marmoset 

Cynomolgus macaque 

 

144 

153-167 

 

96 

102 

Mouse 19-21 15 

Rabbit 29-32 22 

Rat 19-21 15 

 



 114 
 
 

14.2. Primates  

One of the main threats to good welfare regarding importing non-human 
primates from overseas is their prolonged transport.  Even though some 
improvements have been made concerning the shipment containers and their 
equipment during the last few years, transport causes an enormous stress for 
the animals (Wolfensohn, 1997; Prescott, 2002). In contrast to the transport of 
farm animals, there has been little systematic research designed to assess the 
impact of transport on non-human primates (Wolfensohn, 1997) although there 
has been much speculation on the potential impact of this practice.  

The transport procedure may start at the breeding centre some two to three 
weeks before shipment.  The animals are separated from their groups and 
taken into single cages for medical investigations and quarantine.  At the end of 
this period they are placed into transport crates that are very small.  The size of 
these crates for smaller species is only 25x40x50 cm, and for young macaques 
it is 30x50x65 cm.  If they are being imported from outside the EU they can 
spend a minimum of 36 hours in these crates but it is often more than 50 
hours.  This is the time it takes for the journey to the airport, to check-in and 
load, the flight to the European destination, to check-out with customs.  After 
appropriate veterinary checks, the animals are transported to their final 
destination.  During this time food and drink are restricted, they can be exposed 
to an extreme range of temperatures, and draughts and noise cannot always be 
avoided.  Animals may sometimes have to wait on the runway for hours before 
they are loaded into the aircraft.  Land journeys can also be very stressful for 
animals, for example, most road transport vehicles are not fully air-conditioned 
and the animals may be exposed to extremes of temperature and humidity. 

Another factor is that some international airlines have in recent years decided 
to cease transporting non-human primates. Possible contributory factors to 
such decisions may have been safety concerns following the shipment of a 
consignment of primates infected with an Ebola-like virus in the early 1990s, as 
well as campaigning by animal rights groups.  Consequently it may be more 
difficult to import non-human primates and this can have serious welfare 
implications if transport conditions are not optimised.  To safeguard the welfare 
of non-human primates during transport, staff that are sufficiently trained or 
experienced in the transport of non-human primates, and with the necessary 
expertise and infrastructure are important considerations. IATA Guidelines 
(2002) can be a useful tool to advise airlines of specific considerations 
regarding the transport by air of non-human primates (www.iata.org). 

There is some work in progress on monitoring the behavioural and biomedical 
sequelae of transport (see chapter 12.1) but it is clear that it must have 
negative effects on welfare. Diarrhoea, which is the main clinical problem 
during quarantine of imported primates, may be due in part to the stress of 
transport 
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15. TRANSPORT OF FISH  

15.1. Introduction 

There is very little published scientific information on transport or transport 
stress in fish. This is the case even for the rainbow trout, which is the most 
widely studied of the farmed species. More than 60 different species of fish are 
reared in aquaculture and even more are transported for the aquarium trade, as 
baitfish or for research purposes. There is great variation in their oxygen, pH, 
salinity and temperature requirement and also, more importantly in relation to 
transport stresses, in the range of variance they can survive. Carp and tilapias, 
for example can survive levels of oxygen deficit and suspended solids that 
would be unacceptable to salmonids while eels and freshwater catfish, which 
can extract oxygen from the atmosphere provided they are kept moist, can be 
safely transported without water. Thus each of the many species has its own 
requirements for safe transportation and as a consequence it is extremely 
difficult to generalise in defining optimal conditions around which legislation or 
codes of practice could be formulated.  

As in mammals and birds, the stress response in fish involves the activation of 
2 main neuro-endocrine systems: the sympathetico-chromaffin system 
producing the catecholamines (mainly adrenaline, nor-adrenaline with a very 
rapid secretion) and the hypothalamo-pituitary-interrenal (HPI) axis (equivalent 
to the hypothalamo-pituitary-adrenal cortex of mammals that produces cortisol 
with a slower secretion). The increased catecholamine secretion induces rapid 
changes in the vascular and respiratory systems, resulting in an increase in 
oxygen uptake. However, these respiratory and vascular adjustments impact on 
the osmotic balance: a net loss of plasma ions occurs in fresh water and a net 
increase occurs in seawater. Cortisol has an opposite effect on ion fluxes and 
ameliorates the osmotic disturbance. Cathecholamine stimulates 
glycogenolysis, and cortisol stimulates gluconeogenesis from non-carbohydrate 
sources. 

Stressful stimuli have been shown to produce a wide variety of effects on 
transported fish, such as metabolic (decrease in liver glycogen levels –Paxton et 
al, 1984; Vijayan et al, 1990), hormonal and behavioural alterations (Montero et 
al, 1999). Loading and transport resulted in an elevation of circulating levels of 
cortisol, glucose and lactate (Specker and Schreck, 1980; Maule et al, 1988). 
Immunosuppressive effects of glucocorticoids as well as osmoregulatory 
problems result in activation of latent disease organisms and they are the major 
causes of death when fish are handled and transported. 

Stressors have additive or synergistic effects and this has important 
implications for transport management and emphasises the need to avoid 
multiple stresses. For example, it is important to avoid a thermal shock 
following the transport of fish (Pickering 1992). To minimise stress, anaesthesia 
has been used. It is effective in promoting survival in some fish species 
subjected to multiple stresses or to severe transport (Strange and Schreck, 
1978) Anaesthesia inhibits the stress-induced cortisol response of rainbow trout 
subjected to confinement (Pickering et al., 1991). 

There are five main methods used to transport fish: well-boats, towing of cages 
by tugs, helicopter transport of open bins, insulated tanks and sealed plastic 
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bags in insulated boxes. In well-boats, the seawater quality is maintained at a 
high level by continuously pumping in or recirculating seawater. Towed cages 
are particularly successful in the extensive Atlantic and Pacific tuna fattening 
industries which are developing in the Mediterranean and off Australia.  The 
cages are large, robust and towed slowly over several weeks from the place of 
capture to the site for farming. Helicopters are used to move salmon smolts 
over short distances. The fish are densely stocked in a bucket containing highly 
oxygenated water carried underneath the helicopter. Tanks or plastic bags are 
probably still the most commonly used system for fish transportation. Tanks 
can be open or closed with consequent effects on water quality during 
transport. Usually sealed bags are used for small fish (ornamental fish, fry) or 
small numbers of fish. 

15.2. Pretreatment before loading  

Preparation for collection (towing of cages, draining of ponds…) may stress the 
fish due to overcrowding and poor water quality (low oxygen, high temperature). 
McDonald et al, (1993) have recommended various ways by which initial 
disturbance can be minimised when fish are loaded into transport tanks and 
though this is certainly an aspiration that should always accompany preparation 
for fish transport, there is little agreement on the validity of most of the special 
procedures that have been suggested based on very limited experimental data. 

a) Starvation before transport. Fish are starved before transportation to allow 
the gut to clear and thus decrease the bacterial and faecal load placed on any 
holding and transport system. The length of starvation depends on the fish 
species (size of the gut) and of the water temperature. Unless they are loading 
into closed wells, salmon farmers do not starve fish before well boat journeys, 
as this is believed to stress the fish and wells are generally self cleaning.  Larval 
fish have very limited food stores and do not survive starvation unless only for a 
short period.  

b) Precapture anaesthesia. Such treatment was claimed to attenuate responses 
of chinook salmon to a second stressor (Strange and Schreck, 1978) and has 
also been recommended to be used with hybrid striped bass chrysops x M. 
(Tomasso et al, 1980) and small sea-bass. However, anaesthetised fish cannot 
be used for human consumption and the only anaesthetic licensed for fish in 
the EU is not approved for such use. 

c) Habituation of the fish pre transportation Schreck et al. (1995) have shown 
that salmon handled before transport appeared to recover more rapidly than 
fish which had not been conditioned. This is not however considered feasible for 
normal transport purposes.  

d) Minimising as far as practicable the duration of any pre-transport stresses 
and especially, the transport itself. Pickering and Pottinger (1989) have shown 
that the duration of the fish cortisol response is positively correlated with the 
duration of the stress itself. For largemouth bass, Carmichael et al. (1984) 
demonstrated a clear relation between the length of the haul and the severity of 
plasma chloride decrease during 4 days after the haul was completed. In the 
same study the authors showed that mortalities occurring within 4 days of the 
transport can be reduced by pretransport treatment (72h fasting and 10 days 
prophylactic disease treatment).  



 117 
 
 

e) Use of heat shock protein exposure prior to transport. Recent studies in 
France, Scotland and Malta using exposure to heat shock protein in the water 
before transportation have produced significant results in terms of mortality 
reduction in trial transportations of salmon smolts and sea bass. The basis for 
the effect, which is recognised in higher animals, appears to be habituation of 
the tissues of the fish to create a similar effect to that of the habituation 
reported by Schreck et al. (1995) by prehandling of the fish. This process is 
however only at the trial stage and has not been conclusively proven on a 
commercial scale yet. 

15.3. Loading 

It has been shown for a number of species, that the initial loading of fish into 
the container is the most stressful component of transport (Miles et al., 1974; 
Specker and Schreck, 1980). Such stress results in alterations to both 
behaviour and physiological state (Mazeaud and Donaldson, 1977), which may 
give rise to transport mortality and also increases vulnerability to infection 
(Wedemeyer, 1976). In chinook salmon, plasma cortisol levels increases after 
loading and then decreases during the period of the transport (Maule et al, 
1988). One significant factor in loading stress is the trauma associated with the 
method of transfer. (Barcellos et al, 2001; Jeon et al, 2000a, 2000b). Netting 
out and lifting within the net to place the fish in the container is the most widely 
used procedure but use of helical screw fish pumps and transfer in water 
through pipe systems  can, except for the largest of brood fish, greatly reduce 
both skin trauma and cortisone levels associated with such transfer. (Helfrich et 
al., 2001) although this may vary by species since no difference was observed 
between dip net, conveyor and loading pump for loading cutthroat trout by 
Wagner and Driscoll, (1994).  

The skin surface of all fishes is extremely delicate. The osmotic barrier is a layer 
of non-keratinized epithelium overlaying the scales, and so any process which 
traumatises the surface even without removing scales will cause significant loss 
of osmotic control as well as creating an opportunity for pathogen invasion. This 
is minimised by transferring fish the water medium. This may be achieved by 
means of pipes and gravity, by lifting in buckets as in helicopter transfer or by 
use of fish pumps. Where use of nets is unavoidable, soft, uncoated, knotless 
nets must be used to limit damage due to surface layer trauma (Carmichael et 
al, 2001). The sensitivity of fish to the different phases of transport differs 
greatly according to the species: initial capture and loading appear to be very 
stressful for salmonids rather than the transport itself (Barton et al, 1980; 
Specker and Schreck, 1980). Transport per se is stressful for carp (Svobodova 
et al, 1999).  

15.4. Transport management 

Several stressful stimuli have been identified during transport:  

a) Carbon dioxide accumulation in water: 

The use of oxygenation to support high fish densities coupled with inadequate 
water aeration can readily induce a carbon dioxide increase in the water to a 
toxic levels. Furthermore, if carbon dioxide in water is high, the carbon dioxide 
cannot diffuse from the blood to the water. This decreases the ability of 
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haemoglobin to transport oxygen (the Bohr Effect), decreases the maximum 
oxygen binding capacity of blood (the Root effect), and increases blood acidity 
(hypercapnia). However, this toxic effect of CO2 on fish is difficult to predict and 
the toxic concentration value decreases when the oxygen concentration in the 
water decreases (Westers, 2001). For salmonids, where most of the information 
is available, CO2 does not usually pose a problem until levels reach 15mg/L 
(Bromage et al. 1992) and 20mg/l is the maximum safe recommended level 
for salmonids over 10g irrespective of water conditions, (for <10g. fish the 
maximum safe level is 10mg/L). For short term exposure CO2 is toxic at above 
150mg/l.  

b) Abrupt water temperature change: 

Abrupt temperature change can also induce a cortisol response in salmonid fish 
(Strange et al, 1977). However, small daily cyclical change of temperature (9 to 
16 C) generally has little effect. In most species, however greater daily variation 
will cause a chronic elevation of plasma cortisol (Thomas et al, 1986; Strange 
et al, 1977). 

Stress induced mortality increases with increasing temperature (Strange, 1980, 
Barton and Schreck, 1987). This is associated with the lower water solubility of 
oxygen at higher temperature coupled with the higher oxygen demand of the 
heterothermic species as metabolic rate rises with temperature (Roberts and 
Rodger 2001). 

c) Water quality deterioration: 

Some excretory products, particularly ammonia, carbon dioxide and nitrite, are 
dangerous for fish.  In water, the equilibrium between the between the ionised 
and unionised forms of ammonia (NH4+ and NH3) depends on water pH and 
temperature. Increase of water pH and temperature increases non-ionised 
ammonia concentration (Emerson et al, 1975) which is highly toxic for fish. 
Carbon dioxide is also toxic for fish (see above) but high carbon dioxide 
concentration decreases water pH and the toxicity of ammonia. (Munro 2001) 
Nitrite production, due to oxidation of ammonia in the medium of the biofilter, 
should one be fitted, can occur during long transportations. 

During transport, stress mediated increase in metabolism will lead to further 
accumulation of ammonia and carbon dioxide which  induce further 
deterioration of water quality (Erikson et al., 1997). Tomasso et al. (1981a and 
b) have shown that oxygen depletion, and ammonia elevation can act as potent 
stimulators of the 2 main neuro-endocrine systems for a long period of time e.g. 
24h after fish have been graded (Smart 1981). To reduce oxygen requirements 
normally associated with the metabolic demands of food ingestion, absorption 
and assimilation, food is often withdrawn 24 to 72 hours, dependent on water 
temperatures, prior to transport in closed systems, but not in well boats. This 
practice allows the guts to empty and reduces problems associated with fouling 
of the water with faecal material. Wherever possible fish from different groups 
should not be mixed in common containers during transport. This is for both 
biosecurity reasons, and because of severe stresses that can be induced by the 
disturbance of hierarchies and induction of fighting. 
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Reports on general effects of stress reducing techniques on improvement of 
transport survival are limited but the following descriptions indicate some 
success with use of general stress reduction strategies at least in American 
species. (Wedemeyer, 1972; Barton and Peter, 1982; Carmichael  et al., 1984; 
Robertson et al., 1988). 

Methods have been developed that reduce transport stress as a whole. The 
manipulation of the transport water osmolality, cold water transport, 
anaesthetic treatment prior to transport, have shown some success to reduce 
transport stress (Wedemeyer, 1972; Barton and Peter, 1982; Carmichael et al., 
1984; Robertson et al., 1988). 

15.5. Space allowance 

 “The maximum weight of fish that can be routinely transported in a particular 
fish distribution unit must usually be determined by experience because it 
depends on variables such as the physiological condition of the fish to be 
hauled, the efficiency of the aeration system, and the chemical composition of 
the water” (Wedemeyer, 1992). This is a statement which goes to the heart of 
the problem of defining specific conditions for fish transport. It is impossible to 
legislate for  the best transport conditions without taking account of not only the 
species under consideration, but also water quality before loading, age size and 
condition of the fish, length of journey, temperature, and method of transport. 

In relation to space allowance, again many factors come into play, not least of 
which is the type of fish. Aggressive species such as Siamese fighting fish and 
large male tilapias have to be transported individually, whereas salmon smolts 
can be safely transported in batches of many thousands. The level of 
consciousness of the fish is considered to be a major factor affecting both 
space requirement and as indicated above, the stress level of transported fish.   
Currently several anaesthetics such as methane tricaine sulphonate, 
benzocaine, metomidate and phenyl ethyl alcohol are used to sedate fish during 
treatment, and handling. These anaesthetics are not licensed for use for this 
purpose in food fish in the EU, indeed only methane tricaine sulphonate 
(MS222) can be used legally at all. CO2 has also been used as an anaesthetic, 
but it should be proscribed on welfare grounds as its level is difficult to control, 
and effect is very variable due to its modification of water pH and ammonia 
levels. Bubbling O2 and CO2 can be effective if both can be kept within 
appropriate limits but are impractical to control over a long period. High  PCO2 is 
of course lethal and there are very considerable species variations in sensitivity 
(Takeda, & Itazawa, 1983)  

MS222 has been widely tested in the USA as a transport facilitating anaesthetic 
and used with success to reduce transport stress and mortality on bluegills 
(Webb, 1958), threadfin shad   (Collins and Hulsey, 1963) and gizzard shad 
(Anderson, 1968). It is of concern that the use of anaesthetics and other welfare 
related compounds in the EU is currently greatly constrained by drug licensing 
arrangements which mean that compounds of generic availability or low cost 
are not legally available for use because of the high cost of licensing of all 
veterinary therapeutics relative to their potential profitability to a putative 
licensee. 

--water temperature.  
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During transport, cooling the hauling tank water reduces fish metabolism 
(ammonia and nitrite accumulation decreases) and activity and it has been 
used routinely for fish transport with some success in the USA (Leitritz and 
Lewis, 1976; Smith, 1978 cited in Carmichael et al, 1984). It has been 
recommended that for every 0.5 C increases in temperature, the loading density 
should be decreased by 5.6% (Piper et al, 1982 in Berka, 1986). The same 
figures are given in Wedemeyer (1992) for salmonids (cooling hauling tank 
water by 1C will allow an increase in the fish loading density of about 10%). For 
red porgy a temperature drop from 25 to 20C reduces metabolism by about 
50% and increases the carrying capacity fourfold (Takeda et al, 1989). 

The rate of chilling and the lethal temperature beyond which the fish cannot 
survive must be determined for each species. For carp, cooling fish with water 
from 25 to 7C in 4 hours is claimed to increase the survival, whereas dropping 
fish directly into such cold water can in itself cause losses and does not reduce 
subsequent transport stresses. For large scale commercial fish movements 
involving large volumes of transport water, chilling should not be considered as 
an economic option. 

--Oxygen availability.  

For a given species, two factors, apart from stress, are important in terms of 
oxygen demand by fish during transport: 

1) Water temperature (Berka, 1986). The lower the temperature is, the lower 
the oxygen consumption (Piper et al., 1982). In open systems, water 
oxygenation can be maintained by direct delivery of oxygen into the water, but it 
must be closely controlled, to avoid electrolyte and acid-base disturbances due 
to supersaturation (McDonald et al 1993). When fish are transported in a closed 
system, an oxygen deficit may occur when the load density is high and the 
transport is prolonged. For silver catfish (2g fingerlings), an oxygen deficit was 
observed at 20 and 25 C at the load density of 168g/l after 24 hours 
transportation (Golombiesky et al, 2003). 

 Oxygen consumption depends on the species (Berka, 1986). Cod for example 
can be transported at numbers as high as 540 kg/m3 water for 48h (Staurnes 
1994). It has been suggested that in calculating fish densities for transport in 
closed bags, the stocking density should be based on knowledge of oxygen 
levels measured at the end of trials (Kaiser and Vine, 1998).  

2) Fish weight. Size and weight of the fish (plus temperature) has a strong effect 
on metabolism and oxygen consumption. Bigger fish use less oxygen than 
smaller fish per unit of weight. 

--length of the journey: 

 In closed systems, CO2 produced by fish can be a problem since it can reach 
high values (15mg/l is the highest limit for rainbow trout, see Berka 1986 for 
other values). If fish are transported in open tanks with good aeration, CO2 is 
exchanged with air and does not increase in the water (Forsberg et al, 1999). In 
addition, CO2 induces a decrease of the water pH which decreases the toxicity of 
ammonia accumulated during the transport. Its accumulation depends on fish 
metabolism (water temperature) and starvation. Therefore, in open tanks, 
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transport time can be extended by slightly reducing pH in order to reduce 
ammonia toxicity (Grottum et al, 1997). 

--water change or treatment during the journey:  

Removal of excretory products such as ammonia, mucus and faeces by 
filtration can be used to increase the safe stocking density (Ou and Li, 1996; 
Takashima, 1996) and survival time (Bergero et al, 1993). Attempts have been 
made to reduce the effects of stress on ion balance and ameliorate the loss of 
homeostasis, by the use of diluted salt solutions (0.5-1.0% NaCl and in soft 
water CaCl2 to bring hardness up to 50 mg/l) during fish transport. (Hattingh et 
al 1975). The beneficial effects of such treatment have been demonstrated for 
several species (Hattingh et al, 1975, Long et al, 1977). Buffering the water is 
also likely to confer benefits in situations where alkalinity is low and there is 
poor ventilation of the transport containers (Forsberg et al., 2001). Marked 
species differences exist in the efficacy of the treatments, resulting in a lack of 
consensus on optimal transport methods (Barton and Peter, 1982). 

15.6. Recovery from transport  

Recovery after transport can take several days (Bandeen and Leatherland, 
1997; Carmichael, 1984) but allowing an extended time for recovery increases 
subsequent survival (Jonssonn et al, 1999). 

Measurement of plasma cortisol levels of chinook salmon recovering from the 
stress of transportation suggested complete recovery after 24 hours. However 
other physiological data and results of challenge tests suggested that additional 
time may be necessary for full recovery (Maule et al, 1988). Studies with 
juvenile striped bass and walleye fry have shown survival to be inversely related 
to transport time (Pitman and Gutreuter, 1993). Tempering of recovery water 
with saline solution was also beneficial. Transport and post transport tempering 
in salts have the effect of lowering the osmotic gradient between plasma and 
the environment, thus reducing the energy cost of osmoregulation (Redding and 
Schreck, 1983).  

16. TRANSPORT OF OTHER ANIMALS INCLUDING EXOTIC ANIMALS  

16.1. Introduction 

Exotic animals are transported for many reasons, including commercial 
transport for the pet market, interchange programmes between zoos, in some 
countries as part of circuses, and finally in reintroduction and translocation 
operations. The ability of exotic animals to withstand the rigours of transport is 
highly affected by the pre-transport handling the animals have been subjected 
to. This is particularly so for wild caught animals, as in addition to the stresses 
of capture, confinement and transport, there is the fear induced by close 
proximity to humans. Mortality figures can be much higher for exotic animals 
than those reported for many farm species, suggesting that welfare problems in 
connection with transport can be very severe. In addition to the direct effects of 
transport, an animal’s immune response can be compromised post transport 
and lead to health problems during quarantine or after sale.  
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Scientific research into the effects of transport on exotic animals is sparse and 
with the exception of a comprehensive review by Schütz (2003) what 
information there is often refers to random investigations carried out by animal 
welfare organisations in a single country, so that the results can only give some 
idea of the situation. However, much general information is available on how 
animals cope with stressors, as well as how transport affects farm animals and 
this can be used to give an indication of how exotic animals may react to 
transport (Maas, 2000). Much information stems from codes of practice or 
practical experience with the transport of exotic species, e.g., CITES or IATA.  

As with farm animals, a relationship has sometimes been found between the 
value of the animal concerned and the care that is taken during transport, so 
that in some studies welfare problems are often worse for species of lesser 
value. Wild caught animals for the pet trade are generally cheaper than captive 
bred animals of the same species (Vinke, 1998) and the poorest welfare and 
highest mortality rates are often seen for this category. Wild animals 
transported for translocation have a higher value and a great deal of effort is 
put into optimising conditions during capture, pre-transport holding, transport 
and post transport treatment.  

Schütz (2003) showed that transport mortality was significantly higher for non-
CITES species than for CITES species of mammals, birds, reptiles and amphibia 
and hypothesised that this could be due to greater care in handling CITES 
animals during transport, since public authorities pay closer attention to these 
species. CITES species were also more likely to be transported according to 
(2002) standards. This author suggested that the occurrence of shipments with 
a relatively high mortality showed that it should be possible to reduce mortality 
and mentioned factors such as too long a transport, inappropriate temperatures 
(mainly too cold but too hot was also mentioned), overstocking of containers, 
poor condition of animals before shipment, poor packaging, inadequate supply 
of water and food and transport of too young or pregnant animals as being 
some of the important factors for mortality during transport. 

The transport of exotic animals can easily result in poor welfare unless carried 
out by professionals who have sufficient knowledge of the needs of the animals 
concerned and who can ensure that their needs are fulfilled (Maas, 2000; SABS 
0331, 2000; Schütz, 2003).  For the pet trade, it is particularly important that 
certain minimum standards are agreed upon regarding the pre-transport 
handling of wild species to be transported. At airports, animals can suffer 
because of slow handling, partly because customs procedures can take a long 
time. It is important to have the necessary infrastructure at airports, frontier 
posts, etc., to avoid suffering in animals.  

Most exotic animals are transported in cages or crates, although there are some 
exceptions. AATA (2000) emphasises that in general, containers must be big 
enough so that the animals can stand up and lie down in their natural position, 
but not necessarily turn around in the container, as large specimens could 
damage themselves or the container if this were possible. However, some 
species, for example giraffes and some long-legged birds, are less at risk it they 
can not lie down during transport (AATA, 2000).  

Not only the size of the container is important, but also it’s internal design. For 
example, perches are important for some birds. For some species, such as 
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primates, appropriate bedding in the form of sawdust or chippings is 
recommended instead of slatted flooring. Covering the container with branches 
and leaves can reduce stress in species that are used to natural cover (Maas, 
2000, SABS 0331, 2000). On the outside of each container, information on the  
species, number of individuals, feeding and watering times and intervals, type 
of food, whether or not dangerous animals are in the container, special handling 
requirements, and who, when and where approved the transport, is needed. 

Although there is no research on this, it is assumed that, as in farmed animals, 
removal from the familiar environment, loading and unloading can be very 
stressful to exotic animals. Therefore, if animals are to be transported by two 
different means, road and air transport, for example, it may be better to load 
them into a container at the beginning of the transport and keep them in the 
same container until dispatch, rather than to unload and reload them again. 
This is especially important for wild caught animals. In such cases containers 
must be adequate for both types of transport.  

Thermal stress is one of the main problems during transport (ASM, 1998; Friend 
et al., 1994; Gaunt and Oring, 1999; McKenzie, 1993). Sufficient ventilation is 
necessary at all times. If   suitable sites protected from adverse weather 
conditions are not used, higher mortalities can occur in sensitive species when 
containers are held stationary at airports.    

Feeding and watering frequency depends on the species concerned. Water is 
always more important to an animal than food. For example, camelids 
(dromedary camel and llama) can withstand fasting periods of up to 5 days 
without significant changes in serum betahydroxybutyrate, although non-
esterified fatty acid concentrations did rise slightly (Wensvoort et al., 2001). 
Small animals may have very high metabolic rates and need be fed and 
watered very frequently (ASM, 1998; Friend et al., 1994; Gaunt and Oring, 
1999; McKenzie, 1993). Group transport may reduce stress on animals in some 
species, especially those living in family groups (SABS 0331, 2000). However, 
group transport may cause aggression, particularly when animals that are not 
acquainted with each other are mixed (ASM, 1998; Friend et al., 1994; Gaunt 
and Oring, 1999; McKenzie, 1993). The use of “piping”, i.e., the placement of 
removable rubber or plastic pipes on horns, will reduce damage in transported 
wild animals (SABS 0331, 2000). Mature males and females must normally be 
separated from each other (AATA, 2000).  

The capture of wild animals will always be a stressful event and the correct use 
of neuroleptics may be useful in reducing the stress and anxiety during capture, 
holding and transport but should not be used as a cover for sloppy and 
substandard procedures (Ebedes, 1992, SABS 0331 2000). A combination of 
neuroleptics and immobilisers is the main method used in practice to capture 
dangerous species such as lion, rhino, elephant, hippo, cape buffalo and giraffe 
in a humane way. In the following sections some information is given on the 
transport of various species.  

16.2. Effects of transport on disease 

Wild animals for the pet trade may be symptomless carriers of a number of 
serious diseases, some of which are zoonoses. For this reason they are often 
kept in quarantine before release for sale in the importing country. Any animals 
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falling sick during the quarantine period can then be identified and the further 
spread of disease prevented. If, however, carrier animals concerned do not fall 
sick during the quarantine period (or fall sick later), there is a potential risk that 
they may infect susceptible animals after release, and humans, if the disease 
concerned is a zoonosis. Such a situation has occurred recently in the US, where 
the monkeypox virus has been spread to prairie dogs and humans. Human 
monkeypox virus is a rare disease occurring primarily in the rain forest countries 
of central and West Africa. Case fatality ratios in Africa have ranged from 1 to 
10% (Hutin et al., (2001). In the US case, the initial spread of infection is 
thought to have occurred on the premises of a pet shop, where prairie dogs had 
been in contact with a sick Gambian giant rat (Cricetomys emini). The prairie 
dogs were sold to a number of pet owners, not all of whom were registered. The 
prairie dogs then became sick and spread the infection to persons having direct 
or close contact with them. The doomsday scenario in this case is that a sick 
prairie dog has been released in the wild and the monkeypox virus becomes 
established in the wild population. This story shows that extreme caution must 
be used when handling wild animals for the pet trade. Not only must animals 
falling sick be immediately isolated from others but persons in contact with sick 
animals must take hygiene precautions. All sales of wild animals must be 
registered, so that buyers can be traced in the event of an outbreak occurring.  

16.3. General statements on current legislation  

The transport of all vertebrate non-human animals within Europe is regulated by 
European Directive 95/29. The LABA/LASA guidelines (1993) set out general 
requirements for adequate care of laboratory animals in transit, although birds 
are not specifically mentioned. For further guidance on transporting laboratory 
animals, see the UFAW Handbook (Poole 1999). 

Relevant US laws are the Animal Welfare Act 1970 and its 1976 amendments 
and the USDA provides advice on current legislation. The transport of all 
animals used for scientific purposes in Australia and New Zealand must comply 
with guidelines set out in the Australia and New Zealand Codes of Practice for 
the Care and Use of Animals for Scientific Purposes (AWAC 1994) and Code of 
Recommendations for Minimum Standards for the Welfare of Animals 
Transported in New Zealand (AWAC 1994, amended 1996). Other national or 
international regulations may apply when transporting or importing wild birds, 
including CITES for species that are endangered or at risk (see Section 6.1.1). 
These standards have been accepted by CITES and are enforceable worldwide 
(IATA 2002). 

 

16.4. Birds for the pet and zoo markets  

The total imports of live birds to the EU are estimated to be at least 1 million 
birds per year (Knights, 1990). A Dutch survey (Vinke, 1998) showed that the 
most popular bird species for the Dutch pet market were budgerigar, canary, 
Zebra finch, agapornis (love birds) and falcon parakeet. In this survey it was 
estimated that 33% of exotic bird species were wild caught and 67% captive 
bred. All budgerigars, canaries and zebra finches are captive bred and most 
trade with these species occurs within countries. However, some can be 
exposed to long transports, e.g., when new bloodstock is to be imported, and 
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not all of these transports occur under good conditions. All small songbirds from 
Africa are wild caught and a popular species such as the Japanese nightingale 
(Asia) is mostly wild caught. Many of these species can be bred in captivity but 
wild caught birds are cheaper (Vinke, personal communication). Maas (2000) in 
a recent overview of the situation confirmed that the capture and transport of 
wild birds for the pet market was widespread in Africa, South America and Asia. 
Scientific studies on the welfare of birds for the pet trade are lacking, but 
mortality figures during capture, transport and quarantine are as an indicator of 
welfare in these animals, even though this information is not collected 
systematically. 

16.4.1. Pre-transport treatment 

Pre-transport treatment is particularly important for wild caught birds. 
There are serious welfare problems with catching wild birds in the field, 
where catching is often carried out by unprofessional people 
supplementing their income. Many capture related mortalities are 
attributable to physical injuries received during capture or from 
extreme fear and stress. After capture, birds are transferred to bags, 
baskets or small boxes or crates for transport to the trapper’s home 
before further transport to a middleman or exporter (Jensen, 1991, 
Maas, 2000). The journey from the trapper’s home to the exporter can 
take many days and transport conditions can be dusty and rough. 
Mortality figures as high as 50-60% have been reported for some non-
CITES wild caught birds from Africa and Asia for the pre-transport 
period (Vinke, 1998). Maas (2000) confirmed that pre-export mortality 
could reach 45% in blue fronted amazons from Argentina (one third in 
the capture phase and two thirds in the collection phase) and was 
often 50% or above in birds from Senegal and Tanzania. The lower 
value of wild caught birds and lack of appreciation of the importance 
of welfare in the countries concerned exacerbates the situation. 

16.4.2. Transport 

In general, there are more problems before transport than during 
transport for wild caught birds but the treatment in the pre-transport 
period can seriously affect the ability of surviving birds to cope with 
stressors encountered during and after the transport. Thus, transport 
mortality can be somewhat higher for wild caught species than for 
captive bred species (Vinke, 1998). Maas (2000) quoted figures for 
birds dead on arrival (DOAs) after international transport and showed 
that DOAs in the various studies varied from 1 to15%. The RSPCA has 
estimated that for the period 1983-1989, 14.8 and 16.4%, respectively 
of transported Psittacines and other birds died during transport or in 
quarantine and MAFF mortality statistics for 1988, 1989 and 1990 
(Maff 1989a; MAFF, 1990; Maff, 1991) estimated that about 2% of 
exotic birds were dead on arrival after international transport. Using 
Estrildidae as an example Jensen (1991) showed that transport 
mortality was 2.6% varying from 0 to 91%, depending on consignment. 
Using a comparative index value this author showed that transport 
mortality was proportional to the number of birds in a container and 
transport time. Although there were some confounding factors (the 
birds transported for the longest time were in larger groups), there was 
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some indication that larger groups and longer journeys led to a greater 
mortality than smaller groups and shorter journeys. The floor space per 
bird and the cm perch per bird were also related to transport mortality 
and higher densities led to higher mortality index figures. Lindley 
(1995) also found that export mortality in birds was positively related 
to consignment size and that there was only a significant reduction in 
mortality when consignment sizes were drastically reduced. In this 
study   country of origin, number of species per consignment and the 
quality of the post-export quarantine facilities also affected the extent 
of bird mortality. Schütz (2003) also indicated that mortality rate was 
higher for smaller bird species of lesser value that were transported in 
larger groups. 

Vinke (1998) investigated 12 transports of bird species in and out of 
Amsterdam airport and found that only three (25%) could be described 
as careful transports (cranes and parrots from the US to the 
Netherlands and a grey parrot in transit from Africa to Indonesia). All of 
the others had deficiencies to a greater or lesser extent and it was 
characteristic of these that none fulfilled IATA guidelines. All transports 
fulfilling IATA guidelines were characterised as good. Overstocking or 
too small containers was common and applied to 6 of the transports 
(50%), and insufficient watering (or fouled water) occurred in three 
transports. Only one of the 12 transports in this study had dead birds 
on arrival (0.05% of wild caught Japanese nightingales from China 
transported in too small a cage). Jensen (1991) showed that conditions 
in the transport crates were inadequate in 37 out of 75 air shipments 
of birds into Copenhagen airport (49%): This comprehensive study, 
which included a total of 903 transport crates, showed that the main 
points of inadequacy were lack of ventilation (23%), no feed (14%) and 
no water (34%). Jensen criticised IATA for its method of calculating 
freight costs, as this made it cheaper for exporters to pack as many 
birds as possible into a crate and hope for a reasonable survival 
percentage, than to pay the freight of an additional crate.  

On the basis of a comprehensive material of more than 6 million birds, 
Schütz (2003) showed that the average transport mortality of birds 
transported by air was 1.36% but that this varied between species and 
five families (alcedinidae, nectariniidae, aegithaldidae, trochilidae and 
jacanidae) had mean mortality rates above 5%. The author found that 
typically high average mortality rates were due to certain transports 
with very high mortality (up to 100%) and showed that 0.4% of 
transports had mortality rates greater than 50%. Only 64% of bird 
transports had zero mortality. Transport mortality in CITES species was 
also significantly lower than in non-CITES species (0.90 v. 2.25%) and 
none of the 28 non-CITES species investigated had a mortality of zero. 
Even in species with a mortality < 1% there were repeated cases of 
shipments > 15% dead individuals on arrival. The same author showed 
that average transport mortality was halved, if shipments complied 
with IATA standards (2002). 
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16.4.3. Cage sizes and design 

The 29th edition of IATA’s Live Animal Regulations (2002) give  figures 
for cage sizes and design for birds of different species. Joslin and 
Collins (1999) suggested that perching birds should be able to perch 
with their heads upright and their tails clear off the floor and that the 
perches be of a suitable material that gives a comfortable firm grip. 
The IATA Live Animal Regulations and CITES drawings also emphasise 
this but note that: “cage dimensions should not give room for 
attempted flight, perches must be placed, so that droppings will not 
contaminate birds on lower perches or any food and water,  and cage 
design must ensure adequate ventilation”. Larger birds such as 
flamingos and cranes will naturally require a container with much 
greater dimensions particularly height. Long legged birds need to travel 
standing up and it is important that they can stretch fully in all 
directions. The use of branches and leaves as a visual screen and cover 
for birds at holding premises in Tanzania lowered mortality in wild 
birds during holding at a middleman, showing that biologically relevant 
enrichment could have a positive effect on bird welfare (Steinmetz et 
al., 1998). 

Regarding access to water and feed during transport, small birds need 
access to clean water at all times and if feeding is necessary, seed-
eating species feed on the floor. Otherwise the frequency and type of 
feeding and watering natural to the birds should be adhered to (CITES, 
1980). It’s important that the systems used ensure that water and feed 
are not contaminated by droppings. 

Practical experience has shown that darkening containers can calm 
birds and the CITES (1980) guidelines note that birds should be 
transported in semi-darkness and, in addition, that they should be 
disturbed as little as possible. IATA’s Live Animal Regulations also 
state that species that are obviously disturbed by the shipment can be 
calmed by reducing light and noise levels.  

16.4.4. Post transport treatment 

Exotic birds are generally held in quarantine before release for sale 
partly to ensure against zoonoses such as psittacosis and partly to 
prevent the spread of avian diseases. Using a sub-set of her material 
Schütz, 2003 showed that bird deaths in quarantine were nearly five 
times higher than deaths during transport (9.5 v. 2.0%).    Several 
studies, reported in Maas (2000) showed that there is a direct 
relationship between DOA levels and deaths in quarantine (DIQs) with 
DIQs being 6-9% higher than DOAs. Maas concluded that it is 
reasonable to assume that a significant part of this post import 
mortality occurs as a result of treatment during the previous stages of 
the trade. Vinke (1998) also noted that even though exotic bird species 
survived the transport process, there could be health problems after 
sale suggesting that their immune response was compromised. In 
three case histories Jensen (1991) showed that post transport and 
quarantine mortality in wild caught birds varied between 39 and 63%. 
Some exotic species such as nectar eating hummingbirds have such 



 128 
 
 

special requirements as to cage design and feed, that it is doubtful 
whether these should be transported at all, unless their special needs 
can be fulfilled. The same applies to insect and fish eaters.  

16.4.5. Transporting eggs  

Wasting eggs is in effect wasting animals, so eggs should always be 
transport with extreme care is worthwhile.  Embryos are particularly 
vulnerable to mechanical damage throughout the first two thirds of 
incubation and should not be transported during this period if possible.  
The safest time to transport eggs is before they have been incubated.  
If this is not possible, chicks in eggs that are pipping or close to 
hatching are less vulnerable than those transported during the first two 
thirds of incubation. 

If the journey from the nest site to the establishment is short, eggs can 
be insulated with cotton wool or down and gently placed in a thick 
polystyrene box with a lid.  The rate at which eggs lose heat depends 
on their size, but small (e.g. tit) eggs can be transported for up to an 
hour without artificial heat provided that they are well insulated.  For 
longer journeys, a portable incubator or a small polystyrene poultry 
incubator that can be adapted to plug into a car cigarette lighter 
socket will be necessary for eggs of all species.  The eggs will need to 
be wrapped and insulated as above and quickly placed into the 
incubator which should be preheated.  There is no need to increase 
humidity within the incubator during the journey and the use of water 
trays or soaked cotton wool may lower the temperature so that the 
eggs lose heat (note that humidity control is vital after the eggs have 
been transferred to the fixed incubator).  

A general reference on transporting a variety of birds and eggs can be 
found in Hawkins et al. (2001). 

16.5. Reptiles, amphibians and insects for the pet and zoo markets 

16.5.1. Pre-transport treatment 

According to Vinke (1998), 16.000 CITES protected reptiles were 
imported into the Netherlands in 1996 and that 15-20% of reptiles and 
amphibians sold in pet shops were wild caught. The capture and pre-
transport treatment of reptiles and amphibians is somewhat similar to 
that described for wild birds but can be more indiscriminate and is 
often carried out by children. According to Maas (2000), snakes are 
often picked up near roadsides or water, while traps and dogs are used 
to catch monitor lizards, all depending on size. Smaller lizards can also 
be ensnared using rubber bands attached to thin sticks. Evidence 
exists that capture can be a severe stressor in reptiles such as turtles 
(Magnuson et al., (1990), Gregory et al., (1996) and Cash et al., (1997). 
Moore et al., (1991) showed that plasma corticosterone concentrations 
increased six fold in wild-caught tree lizards after a ten minute 
handling period compared to immediately after capture. Physical 
restraint can lead to mortality in crocodiles and Lloyd (1999) reported 
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that three of five unsedated Nile crocodiles (Crocodilus niloticus) died 
after capture and transport. 

16.5.2. Transport 

Reptiles and amphibians are cold blooded and their metabolic rates 
are temperature dependent and usually lower than in mammals of a 
comparable size. Some reptiles and amphibians can withstand 
temperature changes over short time spans whereas tropical species 
may be sensitive to low temperatures. Reducing body temperature 
before transport, and temperature control during transport, will reduce 
movement and eliminate the need for watering and feeding. IATA’s 
Live Animal Regulations suggest that the preferred temperature range 
should be 15-25 C and that temperature should not fall below 7 C or 
be above 29 C.  However, Joslin and Collins (1999) suggest that 
reptiles and amphibians should always be shipped under warm 
conditions. Large falls in temperature put the animals at risk. Maas 
(2000) reported an incident, where hundreds of reptiles and 
amphibians died in the cargo hold of an aircraft after a temperature 
drop from 22°C to 4oC on route from Surinam to Maastricht, the 
Netherlands, and Reuters (20.02.03) reported an incident, where more 
than 600 snakes, lizards, frogs, millipedes and insects died during a 
(legal) transport from Madagascar to Zurich. The mortality, which 
amounted to 33% of the shipment, occurred during a transfer of only 
3½ hours at Charles de Gaulle airport, where the shipment was not 
kept warm. It was stated that the average body temperatures of 
survivors was 14oC when the shipment was opened and that many of 
the animals still alive were in poor condition.  

Schütz, (2003) showed that amphibians had the highest average 
transport mortality of all the animal groups measured (4.96%) 
followed by reptilian with 3.14%. Even so, there were still differences 
between CITES and non-CITES species for both groups (3.40 v. 5.28 for 
amphibia and 1.97 v. 3.85% for reptilian). Within reptilian, lizards had 
a significantly higher mortality rate (4.39%) than snakes, turtles and 
tortoises or crocodiles, which were much lower and within the lizard 
family scinicidae, lacertidae, chamaeleonidae and agamidae all had 
average mortality rates above 5%. The author emphasised that 
mortality rates fluctuated widely, especially for amphibians, and 
shipments with no mortality and very high mortality were registered. 
She thought it likely that amphibians and reptiles, being cold-blooded 
animals without the ability to regulate body temperature suffer directly 
under adverse conditions. Unfortunately, compliance with IATA’s rules 
was not available for shipments of amphibia and reptilian, so that it 
was not possible for this author to conclude that compliance would 
lower mortality, although this seems likely. 

Smart and Bride (1993) mention overcrowding and badly packed 
shipments as a source of mortality in reptiles. They estimated that 
DOAs amounted to 2% in reptiles and that a further 2-3% die within 
two days of importation. Steinmetz et al. (1998) reported a DOA of 
3.9% for reptiles imported to Germany in 1996, while Moritz (1995) 
quotes an average of 2% with a range from 0.1 to 6.4. In extreme 



 130 
 
 

cases Moritz mentions mortality figures as high as 84%. Vinke (1998) 
investigated three transit transports of reptiles and amphibians at 
Amsterdam airport and all of these were subjected to very long 
journeys (chameleons and frogs from Madagascar on route to the USA, 
various species, including water turtles, from Peru to Belgium and 
chameleons from Tanzania to Japan). Transport conditions were 
generally good and in this study all the animals were in good condition 
on inspection.   

Transport will normally be in containers but the use of bags for certain 
species is used. Vinke (1998) also noted that chameleons were 
sometimes transported in individual bags and that these were in good 
condition on arrival. The IATA Live Animal Regulations give general 
guidelines for container dimensions for various reptilian and 
amphibian species as well as their specific requirements regarding 
group sizes and transport conditions in general. Reptiles and 
amphibians will not normally require watering or feeding during the 
journey, but certain species will need regular access to water during 
transport.  

16.6. Fish for the pet market 

According to a Dutch survey (Vinke, 1998), 93% of the total number of animal 
sold in Dutch pet shops are ornamental fish. Trade of fish species is free since 
most ornamental fish species are not protected. Most of them are goldfish, 
guppy and tretra species. Marine species are mainly caught in the wild (95% in 
the Dutch survey) while 100% of goldfish and 95% of other ornamental species 
are captive bred (Vinke, 1998). 

Several problems are raised during fish trade, including capture and transport 
conditions to the nearest international airport, packaging, length of the journey, 
rearing conditions at the pet shop and at the buyers. However, data are scarce 
in the ornamental species to describe what are good transport conditions. It is 
stressed that food, social interaction between individuals, water quality, size of 
the bags play a role in reducing or enhancing stress of fish, but specific 
information on the suitable conditions for a given species are often missing. 

Trauma can occur when wild species are caught because of pressure changes 
as fish are brought to the surface, change in feeding opportunities, change in 
swimming space and water quality. Mechanical and chemical methods to 
capture the fish (hand nets, traps, cyanide, quinaldine) may cause internal or 
physiological problems (Wood, 1985). Crowding and confinement have the 
same deleterious effect as what is known in commercial fish farming situations, 
including impairment of reproduction and immune system (Pickering et al, 
1985). Alteration of gill and intestinal epithelia has been described upon 
capture and transport of carp, eel and catfish. Improper used of chemicals such 
as anaesthetics and antibiotics also contributes to alter fish health during 
transport and induce stress (Strange and Schreck, 1978). 

Sandford and Banister (1991) emphasize the importance of unpacking fish 
carefully and under low illumination. 
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Poor husbandry prior to export and after arrival is thought to be responsible for 
diseases expressed once the fish arrive at the retailers. Noise from pumping 
and filtering equipment is suspected to have an impact on fish, as well as social 
mixing and inadequate feeding. It is emphasized that knowledge about the 
animals natural life style and needs are crucial. 

16.7. Wild animals for translocation  

The movement of wild animals takes place for a number of reasons. Previously, 
overpopulation was addressed by elimination and slaughter of animals from the 
area concerned. Today, animals are translocated and used for restocking other 
game parks and some (few) are transferred to zoos etc. Of course wild animals 
are still slaughtered for human consumption but such animals are shot in the 
field and hence are not transported. Capture and the subsequent treatment will 
always involve a degree of stress for wild animals. There is considerable 
scientific knowledge regarding the translocation of a wide variety of wild 
animals and its effect on capture myopathy and welfare, principally from South 
African researchers and this is described in detail in Ebedes et al., (2002a) and 
Ebedes et. al., (2002b), Ebedes et al., (2002c) as well as incorporated into 
South African guidelines for best practice (SABS 0331, 2000).  

16.7.1. Pre-transport treatment 

In a natural environment, an animal seldom has to run far to escape 
danger and it should not be assumed that an animal in good physical 
condition is fit. Animals will have varying degrees of parasite load that 
can affect their reaction to capture and certain species, e.g., kudu and 
giraffe, lose physical condition during winter. Catching methods must 
therefore reduce physical exertion as far as possible and take place at 
the times of year that are most appropriate for the species concerned.  
Animals are more physically stressed at high ambient temperatures. 
Most harvesting disrupts animal herds, so that it is appropriate to 
choose a time that will have least effect on reproduction and the 
separation of calves and mothers.  

Capture methods for antelopes vary. One of the commonest is to use 
capture bomas, where animals are herded into the boma by helicopter 
for either direct loading into a crate or loading after a period to allow 
the animals to cool off before transport commences. Boma design can 
either be funnel shaped or include a circular section that facilitates 
animal forward movement and should be appropriate for the size of 
animal to be captured (Ebedes et al., 2002a). It is recommended that 
animals are tranquillised immediately after capture, as this has been 
found to reduce transport mortality considerably. Ebedes et al. (2002a) 
note that the mortality rate for springbok decreased from over 50% to 
2% or less using this procedure. Based on comprehensive scientific 
research and practical experience, the same authors give a detailed 
description of the doses needed for tranquillizing the various sizes of 
the different species concerned. Permanent bomas, into which 
animals can be enticed using e.g., salt licks or water can also be used. 
Other methods are to chase animals into capture nets, suspended nets 
or under drop nets, sometimes combined with capture bomas. Net 
guns can be used for larger antelope to be captured in open areas. 
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With these methods, it is important to have sufficient people in the 
team, so that animals can be immediately freed from the net after 
administration of tranquillizer. Methods such as lasso capture, or 
manual capture of certain species after blinding with spotlights at 
night, involve physical restraint of animals and experience with farm 
animals has shown that restraint is a potent stressor.  Well trained 
capture teams will reduce the risk of mishaps during   the capture 
process, irrespective of the process used. 

Chemical immobilisation using dart guns is used primarily when 
individual animals are to be captured from a herd or dangerous and 
unmanageable animals such as hippo, rhino, buffalo and elephant are 
to be captured. It is also used to catch aggressive and difficult animals 
such as gemsbok, roan and sable antelope, adult eland and kudu bulls. 
This method is safe provided that the darted animal is treated 
appropriately but is a specialised procedure needing competent staff 
including a wild life veterinarian who can monitor the vital signs of the 
immobilised animal (Ebedes et al., 2002a, SABS 0331, 2000). 
Ruminants must be held in sternal recumbancy with the head lifted 
but muzzle pointing down to prevent inhalation of regurgitated ruminal 
fluids and the possibility of bloat. If non-ruminant species are not   kept 
in lateral recumbancy, breathing may be obstructed, and for rhino, it is 
necessary to hold the head higher than the rest of the body. Ebedes et 
al., (2002a) lists the doses of immobilising and tranquillising agents, 
as well as the antidote for the immobilising agent, for adult animals of 
relevant species. 

Animals may be transported immediately or held in suitable facilities 
for collection of a load for sale at auction, for quarantine purposes or 
to feed emaciated individuals. Ebedes et. al., (2002b) and SABS 0331 
(2000) describe the design of the facilities to be used for the various 
species and Ebedes and Van Rooyen (2002) other factors including 
feeding that are important for optimal treatment. Research has shown 
that some wild animals may never become accustomed to capture and 
proximity to humans. Cortisol levels in boma kept impala were always 
higher than in animals sampled in the veld and repeated sampling 
over a period of several months showed little adaptation to their 
situation (Hattingh et al. 1988). The design of holding facilities is 
therefore more appropriate, when wild animals have the possibility of 
hiding from humans.  

16.7.2. Transport 

Although there is no published research in this area, general rules for 
the transport of wild animals follow those of farm animals. Thus, 
Ebedes et al. 2002c state that crate materials must not damage the 
transported animals and the flooring must be non-slip to reduce the 
risk of injury. Crate ventilation is important and if tarpaulin is used to 
protect animals from wet weather, provisions are needed to ensure 
adequate ventilation. As with” other species, inspection with  minimal 
disturbance, health  checks before transport, keeping crates upright at 
loading and securely fixing the vehicle after loading are all important.  
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Wild animals can be transported individually in crates (e.g., adult male 
animals) or in mass crates (family and other groups). Potential 
problems include: animals that can be hostile to one another, animals 
with horns, crates not   large enough for the species concerned to be 
able to stand up and lie down comfortably and poor loading 
procedures. Ebedes et al., (2002c) and SABS 0331 (2000) give 
specifications regarding height, length and width  for individual crates 
for the various species, as well as stocking densities (for adult animals) 
and group sizes for transport in mass crates.  

Ebedes et al. (2002c) state that if animals cannot turn round in crates, 
when transport distances are short, the risk of injury is minimised but 
that nevertheless on longer journeys the animals must be able to turn 
round in the crate. If animals are to be transported in individual crates 
that do not allow them to turn round, they need to be loaded so that 
their heads face outwards. Unfortunately, Ebedes and co-workers 
(2002c) do not give a definition of a short and long journey. Delays in 
truck departure after loading is finished can compromise the thermal 
environment in the crate especially if these are left standing in the sun 
for long periods. If animals are agitated, experience has shown that 
starting the vehicle engine and allowing it to idle, will calm them. The 
administration 

 of short or long acting tranquillisers seems to be necessary for some 
species. Ebedes et al., (2000c) give a detailed list of the agents and 
doses for the individual species as well as the factors that need to be 
taken into account for the correct application of the tranquilliser. 

16.7.3. Post transport treatment 

According to Ebedes et al., (2002c) there is no consensus regarding 
whether animals should be released into their new habitat 
immediately after their arrival at their destination or whether they 
should be kept in captivity for a period of adaptation. On the basis of 
practical experience, they recommend that animals should be released 
immediately, if they have been captured in the veld and transported 
immediately to their destination. If they have been transported after a 
period in captivity, then they should be held in captivity for a period 
before release. Ebedes et al., (2002c) give general guidelines for post 
transport treatment including ensuring that animals have access to 
water during the acclimatisation period. Animals still under the effects 
of tranquillizers must not be released if there are predators in the 
vicinity. 

If the animals are to be released from individual crates, simultaneous 
opening of the doors will allow animals to move out together. Ebedes 
et al. (2002c) states that if animals do not immediately leave the 
crate, they should be given time to do so and that a non-slip ramp of 
maximum 30oC slope and release in an area that does not contain 
obstacles will reduce injury in animals.  If off-loading takes place at 
night, animals will have difficulty in orientating themselves in their new 
surroundings. 
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16.8. Transport of Invertebrates 

Invertebrates are from a number of phyla and include crustaceans such as 
crabs, lobsters and prawns and molluscs such as oysters, clams, mussels and 
cockles used for food. Some of these invertebrates are harvested from the wild, 
whilst some are also farmed. The transport of live crustaceans can be of long 
duration (often over 48 hours) and can lead to both high mortalities and 
reductions in flesh quality. (Goodrick et al. 1993, Taylor et al. 1997, Uglow et al. 
1986). In bivalve molluscs such as mussels and oysters, where there is often a 
preconditioning period for depuration before transport to limit the transmission 
of  food borne diseases, there is a well-established relationship between 
treatment during harvest and marketing and subsequent loss of meat quality 
and shelf life. Relatively little scientific study of invertebrate transport seems to 
have been made. We believe that there are potential welfare concerns relating 
to the transport of invertebrates but feel it would be inappropriate to include 
discussion here. This is especially because of the large differences in physiology 
of these animals, both in comparison with vertebrates and between the 
different invertebrate phyla. 

16.9. Bison 

Bison are very social animals and will react to danger as a group, first fleeing 
and then returning out of curiosity to see what the danger was. Bison cannot be 
handled like cattle. They are essentially wild animals, they are very strong and 
they are aggressive and dangerous. It is possible to habituate bison calves to 
routinely accept production procedures such as moving to and entering a 
squeeze pen using training (Lanier et al., 1999) and farmers establishing a herd 
are more successful if they start with calves, so that these can become used to 
human contact and then transfer this behaviour to animals subsequently born 
into the herd. Despite this, bison are still wild animals. Bison are transported for 
a number of reasons: translocation to other farms or between zoos and parks or 
for slaughter. 

There are no published scientific reports on bison transport but codes of 
practice regarding handling systems that have been found to work in the field, 
either published by Grandin and co-workers on her website or in government 
codes, e.g. CARC (2001). All of these stress the importance of bison and human 
safety.  

Loading (and unloading) Handling facilities are much more effective if they have 
solid walls of minimum 2.15m height on all fences chutes, gates and pens and 
fences and shutes must have toeholds and grab bars at regular intervals to 
provide an escape route for handlers. Handlers need to be able to operate gates 
without being among the bison. As bison are herd animals, they prefer to stay in 
groups and not be isolated. Bison do not have a strong following behaviour and 
if forced to go single file, will often climb over each other (Lanier and Grandin, 
www.grandin.com/references/bison.paper.html). Bison are therefore calmer if 
they are held in a group. If they must be lined up, then they must be held in 
separate compartments between solid sliding gates. Crowd pens leading to 
single file race to the transport vehicle should never be more than 1/3 full at 
any given time. This allows bison to maintain the dominance order and reduce 
conflict. Crowd pens should be circular, because as they circle around they think 
they are going back to where they came from (Grandin, no date). Bison tightly 
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confined with other bison will show aggression, so that it is necessary for 
transport groups to consist of similar bison of the same age and gender. 
Loading ramps with slopes greater than 25 degrees or a step higher than 63 cm 
cause problems (CARC, 2001). It is best if there is a level area immediately 
before the truck, so that bison can walk onto and off the vehicle on a level. This 
is especially important on unloading, as bison do not like to come out of the 
truck and start downhill immediately. Bison may bolt if they are unloaded 
directly into a long alleyway. If there are gaps between loading ramps and the 
vehicle must occur or, bison will try to escape, and correct use of lighting will 
facilitate loading and unloading, as bison prefer to move to a lighter area from a 
darker. 

Vehicle design. Vehicles used in practice are not designed specifically for bison 
but for cattle. It is important that structures are strong and that compartment 
doors can be fastened securely. Vehicles that can open the full width of the 
vehicle rather than single animal sliding doors are safer for the animals (CARC, 
2001). Otherwise recommendations are as for cattle. 

Stocking density and feeding watering and resting intervals.  There are no 
scientific studies regarding optimal stocking densities for the various categories 
of bison or for feeding, watering and resting intervals. However, regarding the 
latter, CARC (2001) recommends that bison must be fed and watered within 
five hours of departure, if the journey is expected to take longer than 24 hours.  

16.10. Circus animals 

Circus animals are accustomed to the presence of humans and to regular 
transport, as the circus moves from site to site. Thus, transport is a way of life 
for circus animals (Kiley-Worthington, 1990) and they may become habituated 
to it. Little scientific research has been carried out in this area, so that this 
statement, while plausible, has not been scientifically documented. The little 
research that has been carried out has only used the ability of the animal to 
maintain normal body temperature during transport, and to a certain degree 
behaviour, as a measure of transport welfare. Thus, many aspects of welfare 
assessment have not been included in this work. 

American work reported by Nevill et al., (in press) and Nevill & Friend, 2003, 
stated that the welfare of circus tigers was not poor during by transport 
provided that transport vehicle  was designed optimally and the trainers or 
handlers were experienced. The circus tigers investigated were mainly 
transported singly or in small groups in their home cages which are either 
mounted on, or transferred to, a semi-trailer or flat bed rail car for longer 
transports. Transport normally occurred at night or in the early morning. Trailer 
surfaces were mostly insulated and ventilation was usually natural. One trailer 
was equipped with forced ventilation and a misting system and one had 
supplementary heating, but it was stated that this was mainly for the lions and 
not the tigers. During hot weather the animals could be hosed down before 
transport commenced and during cold weather extra bedding was given. Tigers 
are naturally adapted to a wide range of environmental conditions and this work 
confirmed that the body temperature of tigers was unaffected by transport 
under hot or cold conditions (range - 2.4 to 37.0 C). Body temperature did, 
however, increase by 1-2 C during the loading of cages onto the trailer, whereas 
it was essentially unaffected in systems with cages mounted on to a trailer. 
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Temperature increase was related to physical activity in the tigers at loading 
(pacing, roaring and swiping at crew or tractor).  

The same research group (Toscano et al., 2001) investigated the transport of 
circus elephants during hot and cold weather and showed that when proper 
care is taken, the transport of circus elephants does not result in poor welfare of 
the animals even during extreme environmental conditions. There was no 
evidence of hyper -or hypothermia even during the most extreme conditions 
within the vehicles (range 1.9 to 37.5 C). It was, however, essential that 
experienced handlers are used and that transport vehicle design and conditions 
within transport vehicles are monitored during the transport. Circus elephants 
are transported in trailers or rail cars. They are walked onto the vehicle and 
diagonally chained during the transport from one front and one rear leg. A 
variety of strategies and equipment were used by circuses to maintain 
environmental conditions within ranges with which the elephants could cope. 
These could vary from insulated surfaces, forced ventilation and supplementary 
heating during winter transports to transporting the elephants during the cooler 
parts of the day in summer. Supplementary heating was especially important 
for juveniles 
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