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ABSTRACT The thermal environment to which livestock are exposed during 
transportation is the source of significant stress, increased losses and reduced welfare.  A 
novel, comprehensive, holistic approach has been developed which allows the concurrent 
assessment of well-defined. Pertinent, physiological and behavioural indices of stress in 
pigs subjected to long distance, transcontinental road transportation on export journeys. 
These journeys (n = 7) of approximately 3000km length and  lasting around 72 hours 
were undertaken in high summer in Europe in order to assess the effects of elevated 
thermal loads upon the welfare of the pigs (90 pigs per journey). The physiological and 
behavioural measures obtained have been correlated with a full and continuous 
characterisation of the transport thermal micro-environment.  Statistically significant 
responses (p<0.05) in parameters such as body temperature and drinking and resting 
behaviours accurately reflected the consequences of imposed thermal loads. These data 
then have been employed as the basis of predictive models that allow definition of the 
acceptable ranges and limits for thermal loads in transit under commercial conditions. 
This is the first study to employ such comprehensive assessment of both physiological 
parameters and behavioural responses in practical and commercial transportation 
practices and on commercial vehicles.  The findings have been compared with thermal 
limits prescribed in current European legislation and recommendations are made for the 
development of more appropriate regulations and codes of practice.  
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INTRODUCTION 

During road transportation livestock are exposed to a range of potential stressors. A 
major problem is the transport thermal micro-environment and heat stress and cold stress 
in transit may compromise the animals’ welfare, lead to reductions in production 
efficiency and result in losses and increased mortality (Hall and Bradshaw 1998; 
Knowles and Warriss 2000; Broom 2000, 2005; Mitchell 2006, Mitchell and Kettlewell 
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2008). Transport stress is frequently observed in pigs (Lambooij 1988, 2000; Lambooij 
and Engel 1991; Knowles and Warriss 2000) and stress induced effects upon the welfare 
of these animals may be detected on both short and long journeys (Werner et al 2007). In 
pigs transport mortality and losses, including decreased meat quality in slaughter animals, 
are increased during journeys in summer when temperatures are elevated (Warriss and 
Brown 1994; Werner et al 2005; Vecerek et al 2006; Gosalvez et al 2006; Mitchell and 
Kettlewell 2008). It may thus be proposed, that full characterization of the thermal 
environments experienced by livestock in transit and the simultaneous monitoring of the 
animals’ physiological and behavioural responses are essential.  Detailed knowledge of 
the magnitude and nature of the stress responses of animals during transportation will 
underpin the development of strategies to alleviate or prevent the problems and allow the 
development of pertinent and relevant animal welfare regulations and guidelines. It is 
suggested that the quantification of physiological and behavioural responses in the face of 
environmental challenges presented by transport environments may be used to 
characterize the extent of physiological stress imposed and may be incorporated in to the 
process of “physiological stress modeling” (Mitchell et al 2001a & b; Mitchell 2006; 
Mitchell and Kettlewell 2008). The outputs from such models may constitute the basis of 
definition of acceptable ranges and limits for environmental variables such as temperature 
and humidity. In the present study Journeys of 3 days duration typical of the export trade 
in breeder pigs (UK to Spain). The thermal micro-environments "on-board" the vehicle 
and the external ambient conditions have been recorded throughout every journey and the 
environmental variables have been correlated with physiological and behavioural stress 
responses with particular emphasis upon the thermoregulatory, hydration and physical 
status of the pigs in transit.  The main purpose of the study was to characterize the stress 
imposed in transit under commercial conditions when it may be predicted that the risk of 
heat stress is increased. The data obtained may form the basis of predictive models 
facilitating the definition of "thermal comfort zones" for adult pigs under commercial 
transport conditions. The findings have also been interpreted in the context of current 
European regulations relating to the welfare of animals during transportation (EC 1/2005) 
which prescribe acceptable thermal envelopes for road transportation of livestock and it is 
proposed that the outputs may provide a sound, fundamental scientific basis for improved 
transport welfare regulations and codes of practice. 

METHODS AND MATERIALS 

Journeys and vehicles 

Seven experimental pig export journeys from the UK to southern Spain (Malaga 
province) were undertaken in the summer between June and October. The journeys ere 
numbered sequentially in this period (1-7). The journeys were standardized by using 
identical vehicles and drivers, journey routes, origins and destinations, journey start and 
completion times, durations and pig sources, ages, body weight and stocking densities.  
The major experimental difference between journeys would thus be the climatic 
conditions or weather encountered at each stage of the journey.  The vehicles were 
instrumented to allow recording of temperature and humidity. These variables were 
measured in a number of appropriate locations on the vehicles at pig level in the pens and 
the corresponding external environmental conditions were monitored continuously and 
recorded by data loggers throughout every journey.  Water vapour densities or vapour 
pressures were derived from these data. By these means it is possible to correlate all 
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animal responses to the associated thermal conditions or thermal loads to which the pigs 
were exposed at anytime before, during and after the journey. Each journey consisted of a 
24 hour transport period during which the pigs were moved from their origin in the UK to 
a control post in northern France. Pigs were then held at this location in France for the 
mandatory period of 24 hours and then the final stage of approximately 22-24 hours 
consisted of the transport leg to southern Spain (Humilladero) and delivery to a 
slaughterhouse. On each journey a total of 90 pigs were carried (mean body weight 114 
kg) evenly distributed between 9 pens on the vehicle (i.e. 10 pigs per pen at an average 
space allowance of >0.65m2 per animal). The thermal data revealed that, the last segment 
of the journey (22 hours – control post to slaughterhouse) constitutes the major 
physiological challenge and thus analysis is focussed upon this period in the current 
paper.  

Physiological measures 

In preparation for each journey 8 pigs were surgically implanted (at least 14 days prior to 
departure) with data-loggers for the continuous monitoring and recording of deep body 
temperature. Deep body temperature values were obtained in these 8 sentinel pigs at 2 
minute intervals for a period of 14 days prior to transportation, throughout the each 
journey and up until the point of slaughter.   

Behavioural measures 

Additionally all surgically implanted pigs had radio-frequency identification chips 
(RFID) implanted in a sub-cutaneous site (3 cm deep) on the back of the neck by 
injection which allowed instant identification of individuals using a chip reader and 
which also measured deep body temperature. For the behavioural assessment groups of 
pigs were monitored for a three hour period in pens in lairage at the slaughterhouse 
immediately after arrival and unloading. Due to Behaviours were assessed that might 
indicate how the pigs coped with transport, changes in temperature and fatigue.  Close 
attention was paid to posture changes and drinking behaviour. For each journey two 
trained observers monitored each of two pens of 10 pigs (20 pigs behaviourally sampled 
per trip). Behaviours were recorded continuously for 3 hours post-transport on each pen 
of 10 pigs simultaneously, effectively resulting in 10 focal animals per pen.  

Data analysis 

Wherever appropriate, all data are presented as the mean value ± one standard deviation.  
Statistical analyses were performed by analysis of variance (AVOVA) and student t-test. 
Spearman’s rank correlations were used to identify relationships between variables for 
the behavioural measures against those of the environment and deep body temperature. 
Gentstat (Genstat, 11th edition, Lawes Agricultural Trust, VSN International Ltd., Oxford, 
UK) was used for all statistical analyses. 

RESULTS 
• The thermal data for the last 22 hours of the journeys (1-7) are presented in tables 1 

(mean values) and 2 (maximum values). The values of enthalpy (as an index of 
integrated thermal load have been calculated in each case. This allows ranking of the 
shipments in terms of thermal loads imposed and the proposed risk of heat stress. 
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•  
Table 1. Ranking of shipments according to mean temperature or enthalpy during the 
final 22 hours of each shipment. A ranking of 1 is considered the most severe challenge.  

Journey 
number Mean value during final 22 hours 

 Temperature RankingTempmean Enthalpy RankingEnthmean 

1 20.7 5 37.7 6 

2 23.3 2 46.9 2 

3 23.7 1 50.8 1 

4 23.0 3 44.4 3 

5 21.0 4 42.0 4 

6 19.1 6 38.6 5 

7 18.8 7 36.9 7 

 

Inspection of the data in tables 1 and 2 indicates that overall journeys 3 and 4 (July – 
August) may present the greatest thermal challenge with some degree of risk associated 
with journeys 2 and 5 and little risk being associated with journeys 1, 6 and 7. 

The physiological and behavioural data were correlated with these calculated thermal 
loads in an attempt to model the effects of the challenges upon the stress status and 
welfare of the transported animals. 

The DBT data obtained from implanted data loggers re presented in Table 3. There were 
no major changes induced in DBT recorded in the surgically implanted data logger 
system.  The range and mean values of DBT were not different from those during a 
comparable control period in the home pens.  There was a tendency for DBT to increase 
during the last 22 hours of the journeys (in all cases) and a sharper increase occurred in 
five of the seven journeys during the last 1-2 hours as the vehicle travelled more slowly 
on rural roads in hotter conditions.  Combined with the preceding data relating to the 
physical or thermal micro-environments on the vehicles, it was concluded that journeys 3, 
4, and 5  imposed conditions that may cause a degree of heat stress, and that journeys 2 
and 6 posed some minor problems although less than the hotter journeys.  Journeys 1 and 
7 undertaken in the cooler months of the early summer/autumn did not constitute any 
threat to the animals’ well-being and the conditions did not impose untoward thermal 
loads in transit.    

Table 2 Ranking of shipments according to maximum temperature or enthalpy during the 
final 22 hours of each shipment. A ranking of 1 is considered the most severe challenge.  
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Journey 
number Maximum value during final 22 hours 

 Temperature RankingTempmax Enthalpy RankingEnthmax 

1 28.1 6 51.4 7 

2 29.5 5 62.1 4 

3 30.6 4 65.6 1 

4 34.1 1 62.7 2 

5 32.9 2 57.2 5 

6 31.8 3 62.3 3 

7 23.8 7 53.7 6 

 

Table 3. Mean values and ranges for deep body temperatures during the last 22 hours of 
travel (final phase) for all 7 journeys. 

Deep body temperature – final 22 hours of journey 

 Journey number 

 1 2 3 4 5 6 7 

Mean 39.2 39.2 39.1 39.6 39.7 39.4 39.3 

SD 0.2 0.2 0.2 0.2 0.3 0.2 0.2 

Maximum 40.0 39.6 39.6 40.1 40.3 39.8 40.1 

Minimum 38.8 38.9 38.8 39.2 39.3 39.1 39.0 

Range 1.1 0.7 0.9 0.9 1.1 0.7 1.0 

Median 39.1 39.2 39.1 39.6 39.6 39.5 39.3 

 

The behavioural data and analysis for the 7 journeys are presented in Figures 1 and 2 

 

Figure 1 Total drinking by pigs over the 3 hour period immediate post transport by 
journey. 
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Figure 2 Total resting by pigs over the 3 hour period immediate post transport by journey. 
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It was clear that the duration of drinking was greatest on journeys 3 > 4 (Figure 1).  These 
differences were apparent in all three consecutive hours of observation and therefore for 
the total 3-hour period. There was a highly significant effect of journey upon drinking 
durations within and across hours of observation (p<0.001).  The ranking of total 
drinking duration by journey was 4>3>7>1>5>>2>6.  The major significant finding is the 
apparent differences between journeys 3/4 and the other journeys.  Mean total drinking at 
the end of these journeys was significantly different from all other journeys (p<0.001).  

The mean values for durations of resting for each journey are presented in Figure 2. The 
greatest resting, numerically, was seen in the pigs from Journey 4 and the value was 
highest during the first hour post-transport.  However, only the short total resting seen in 
J3 was significantly different from all the other journeys.  There were no significant 
differences between the other journeys.  The journey ranking in terms of total time spent 
resting was 4>1>6>5>2>7>3. From the data presented in Figure 2 it may be proposed 
that the pigs from journey 4 may be fatigued.   

 

SUMMARY AND CONCLUSIONS  

The data presented in this study were placed in the context of the daily weather patterns 
for the locations and routes used in the study. Over the period of measurement, the 
average daily mean temperature in Edinburgh was 13.9 ± 2.6 °C, in Fougeres (French 
control post) 16.1 ± 2.9 °C and in Humilladero (Spanish slaughterhouse) 23.0 ± 3.7 °C.  
The corresponding maximum daily mean temperatures were 18.7 ± 3.4 °C, 21.9 ± 4.0 °C 
and 28.0 ± 5.5 °C respectively.  The actual maximum temperatures observed in the three 
locations were 26.8 °C (Edinburgh), 32.8 °C (Fougeres) and 37.0 °C (Humilladero).  
These maxima occurred at the end of August, late July and early August respectively. 
Comparison of these data with records obtained over the summer period during 2007, 
indicate that the mean and maximum daily temperatures in 2008 were consistent with the 
normal ranges encountered in these geographical locations. 

In this study the effects of the different transport environments the effects of each journey 
on the animals may be assessed by body temperature responses, drinking behaviour / 
hydration state, resting behaviour / fatigue. These indices have been integrated and 
correlation with the physical or thermal categorisation of each journey. There is a high 
degree of consistency between the different methods of categorisation between the 
separate approaches.    Integration of the physiological and behavioural data indicates that 
most adaptive responses occur in journeys 3, 4 and 5, and it is suggested that some degree 
of transport stress was associated with these journeys and the conditions. Thermal 
conditions on the vehicle during the last phase of the journey (last 22 hours) had the 
major influence on post-transportation behaviours and physiology of the pigs. Journeys 1, 
2 and 7 did not impose excessive transport stress upon the pigs. The journeys covered a 
typical range of thermal conditions and transport micro-environments for Southern 
Europe. The thermal conditions included journeys that might be classified as “mild”, 
“warm” and “hot”. A number of physiological and behavioural measures and analyses 
were correlated with the vehicle thermal micro-environment. On none of the journeys 
was severe thermal stress identified. The deep body temperature did not exhibit any 
major excursions outside the normal ranges recorded in the home pen. The only 
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exceptions correlated with feeding and arousal during lairage. Journeys that were scored 
highly on elevated temperatures and enthalpy were associated with increases in both 
physiological and behavioural indices of stress. Thus journeys 3 and 4 (and perhaps 5) 
may have been associated with some degree of thermal stress although not severe. It is 
apparent that the journeys undertaken in July (3 and 4) were associated with the biggest 
risk of thermal stress and the expression of physiological and behavioural responses 
associated with the elevated heat loads.  Journeys undertaken in June and August (2, 5 
and 6) also imposed some degree of heat stress and caution should be exercised when 
transporting the animals under these conditions. These journeys had periods when the 
conditions were in the upper ranges for temperature (30°-35°C) currently prescribed in 
the Regulation EC 1/2005. Whilst journeys undertaken in conditions close to or at the 
limits of temperature prescribed in the current regulation were associated with some 
physiological adaptive responses, these did not constitute a major threat to the welfare of 
the animals. It is suggested that enthalpy may a useful practical index/predictor of 
thermal stress. The results suggest that if transportation is undertaken in a manner 
consistent with current legislation, on appropriate vehicles and with high standards of 
personnel and practice, there is little threat to the welfare of the pigs even in relatively hot 
conditions (and under conditions typical of Southern Europe in summer). Current 
legislation (EC 1/2005) contains an upper limit of 30°C ± 5°C for the transportation of all 
livestock on journeys of over 8 hours duration.  It is apparent from measures of 
temperature and relative humidity in southern Europe that heat loads in this range will 
frequently be encountered in commercial practice.  The current Regulation does not 
include reference to the duration of exposure to elevated thermal loads that should be 
permitted or prohibited.  This is a serious omission.  The current study has demonstrated 
that on higher standard vehicles with adequate ventilation and a high standard of animal 
care, temperatures of around 30°C need not necessarily impose undue heat stress upon 
breeder pigs in transit. It is therefore suggested that to provide a sound scientific basis for 
any revision of the Regulation, future research studies should focus upon the effects upon 
animals (e.g. breeder pigs) of temperatures in the range 28° to 36°C  (with a range of 
appropriate relative humidities) for appropriate ranges of periods of exposure.  This will 
provide indications of what temperature/humidity combinations would be acceptable for 
each of the exposure periods.  Only through such an approach will it be possible to ensure 
the welfare of animals in transit in hot weather through the provision of precise limits for 
imposed thermal loads and durations of exposure. 
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