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� Introduction 

Stress in the period during transport and around slaughter is known to influence 
the physiological and biochemical processes in pigs (Adeola and Ball, 1992).  
Pigs that become non-ambulatory without obvious injury, trauma or disease 
and refuse to walk, during loading, transport, unloading or while in the lairage 
are considered fatigued. Literature available on pig transport and slaughter 
suggest recumbent pigs can result from both acute stress/acidosis or physical 
exhaustion/glycogen depletion or a combination of the two mechanisms. 
Fatigued pigs, by industry accounts, tend to be of heavy muscled, high lean 
genotypes and newer genetic lines may be more susceptible to heat stress 
(Brown-Brandl et al., 2001). 

When pigs are stress-challenged during transport, unloading and presentation 
for slaughter there are a number of visual indicators.  Open mouth breathing 
(dyspnea) is a behavioural sign of acute exercise challenge and reflects 
increased oxygen demand of exercise in the normally sedentary pig. Early 
signs of fatigued pigs are muscle tremors and a reluctance to move. Although 
comprehensive data is lacking, it appears that further excitement or exercise 
demands to a fatigued or exercise stressed pig result in a more severe 
compromise of the individual, marked by voluntary recumbency, dyspnea, 
alternating irregular blanched and reddened areas on the skin, increased body 
temperature and the development of acute metabolic acidosis. Most fatigued 
animals may recover from this condition if rested and will return to normal 
appearance and mobility. Unfortunately some individuals will progress to death.  

A model of acute stress resulting in fatigued pigs has been recently developed 
(Benjamin et al., 2001). This model is a group stress test involving a 
combination of exercise by running the pigs 100meters, aversive handling by 
the use of electrical prods and occasionally unpredictable abrupt animal 
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movement restriction by restraining pigs in a narrow alley. Application of this 
exercise and aversive handling challenge resulted in more than 20% fatigued 
animals.  

This paper examines the current knowledge related to the factors contributing 
to the incidence of fatigued pigs between the farm of origin and the point of 
humane killing. Emphasis is placed on recent literature and the practical 
application of those findings.  

� Problem Definition 

Within North America, normal appearing market ready swine continue to either 
die in transit (1/1,000 shipped) or die in pen (1/2,000 shipped) despite the 
identification of the HAL gene and efforts to minimize its expression in the 
homozygous state in the swine population.  In addition to the loss of animals 
due to death the industry estimates 3-5/1,000 non-compromised hogs leaving 
the farm become stressed or fatigued prior to humane slaughter at the 
processing plant. Both mortalities even at a low level and fatigued hogs 
represent a significant financial loss to the production system and a focal point 
for concerns related to the welfare of livestock in modern production systems.  

� Animal Factors 

Social Environment: 
The social environment of the pig can greatly affect its behavioral and 
physiological stress state. Mixing of unfamiliar pigs can lead to physical injury 
(Tan & Shackleton, 1990), elevated stress hormone levels (Moore et al., 1994) 
and loss of productivity (Stookey & Gonyou, 1994). Upon grouping, pigs will 
fight for about 20-30 minutes to establish a social hierarchy (Meese & Ewbank, 
1973). Once the hierarchy has been established, an individual’s relative social 
status can markedly affect its welfare. Low social status can affect access to 
resources, such as feed or preferred lying area (O’Connell et al., in press), can 
compromise immune status (McGlone et al., 1993) and increase physiological 
stress (Ruis et al., 2002). Low social status pigs also show heightened 
reactivity when exposed to acute stress (Marchant et al., 1995, Hicks et al., 
1998; de Jong et al., 2000), which may include input from both physiological 
and psychological factors (Zayan, 1991, Marchant et al., 1995). Gonyou 
(personal communication) subjected market pigs to the electric prod in either in 
groups of 6 or individually. The rate of fatigue pigs in groups was significantly 
higher (54%) than when pigs were subjected to the test alone (38%). Although 
isolation is known to be an independent stressor in swine this trial suggests that 
social stressors are amplify responses to aversive handling. 
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Role of Genetics 
The clinical presentation of Fatigue pigs is similar to clinical presentation of 
“Porcine Stress Syndrome’ (PSS) pigs as previously described (Topel DG, et 
al. Mod Vet Pract 1968; 40:30) and continues to occur in pigs that are HAL-
1843 gene-free pigs (Marr et al., 2004). There is a paucity of public information 
on the effects of genetics on behavior even though there are widespread 
anecdotal reports of behavioral differences between different genetic strains. 
There is some evidence to suggest that there are breed (Ausberger et al., 
2002) and perhaps strain (Tor et al., 2001) differences in feeding behavior and 
that breed may influence the development of harmful social behaviors such as 
pen-mate-directed biting and nosing (Breuer et al., 2003). Also, and perhaps 
more importantly in the scope of the fatigued  pig, breed differences in the 
neuroendocrine responses of the HPA axis and behavioral reactivity have been 
identified following exposure to a novel environment (Désautés et al., 1997). 
Field data would also appear to support the hypothesis that genetic lines can 
influence both percent fatigued and percent deaths, with one sire line having 
higher numbers in both categories than a different sire line (Line G1 - 0.63% 
and 0.35%, Line G2 – 1.13% and 0.49% respectively (Anderson et al., 2002).  

Role of Fear 
Understanding both the behavioural and physiological response to fear would 
likely assist the industry to better understand fatigue pig syndrome. Fear is an 
emotion that motivates animals to avoid predation (Rogan, 1996). Just as 
animals can habituate to a procedure or the presence of stimuli, they can be 
fear-conditioned, triggering both behavioural and physiological responses 
(Davis, 1992). High pitched vocalization has been associated with a fear 
response in pigs (von Borell and Ladewig, 1992; Warriss et al., 1994). 
Benjamin et al, (2001), demonstrated a correlation between the incidence in 
fatigued animals and vocalization in pigs subjected to goading by use of the 
electric prod. 

Exposure to Handling 
In current commercial practice, pigs are becoming less and less exposed to 
direct human contact and to handling outside the pen. Thus, the processes to 
which they are exposed at this time can effectively be considered novel. 
Exposure to novelty often induces stress or fear responses (Stolba & Wood-
Gush, 1980) and this can be exacerbated by being reared in a relatively barren 
environment (Pearce et al., 1989; Beattie et al, 2000), such as the modern 
finisher barn. Pre-exposure to handling and moving outside the home pen over 
the weeks prior to hauling to slaughter has been shown to improve the time 
taken to load at hauling to slaughter (Abbott et al., 1997, Geverink et al., 1998). 
However, Grandin (1987) and Day et al. (2002) have suggested that pigs 
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exposed to regular positive interactions with humans can in fact be difficult to 
forcibly move, possibly through reduced fear of humans. 

Role of Nutrition 
Food is an extremely important resource to the finishing pig. The behavior and 
physiology of the pig can be influenced both in terms of access to the food and 
by the composition of the food. For various management reasons, it is common 
practice to withdraw access to food for a number of hours prior to hauling and, 
obviously, over the transport and lairage periods. Restricting access to feed 
(Graves et al., 1978) and fasting (Kelley et al., 1980) have both been shown to 
increase aggressive behavior among unfamiliar pigs and fasting also results in 
increased general activity (Fernandez et al., 1995) and enhanced stress-
induced glycogen depletion (Fernandez et al., 1995).  

Role of Health 
Post mortem studies of dead on arrival market pigs have not been particularly 
useful in understanding the causation of pre-slaughter death loss. Severe and 
diffuse pulmonary congestion and edema was the only significant lesion found 
in a Canadian study of 336 dead on arrival market hogs (Clarke, 1979), which 
is similar to post mortem findings in animals exercised to exhaustion 
(Steinhardt et al., 1976).  

Role of Facilities 
Benjamin et al, (2001) demonstrated an increase in fatigued pigs when pigs 
became wedged with one another. This wedging may occur when animals 
move from an open pen to a single run or if the aisle is not wide enough for 2 
pigs to move side by side.  

Role of Goading Methods 
Voltage and amperage of the electric prod is not subject to regulation. Earlier 
work, (Brundige and Zanella et al., 1998), demonstrated that pigs loaded using 
an electric prod showed significantly higher behavioural and physiological 
response indicative of stress when compared with pigs loaded using a hurdle. 
Pigs vocalized, lost their balance, and tried to jump out of the loading area. 
Similarly, D’Souza et al. (1999) observed that pigs negatively handed on-farm 
were hesitant and fearful when approached by the stockperson with some pigs 
jumping out of the lairage pens. Heart rate and body temperature (Brundige et 
al., 1998) was significantly higher in pigs loaded using electric prod when 
compared to pigs loaded using a hurdle. Transportation stress, based on 
cortisol measures, did not override the original cortisol response to loading and 
maintained high salivary cortisol 2 hours after loading. Lower ultimate pH and 
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lower mean decrease in muscle glycogen concentrations post slaughter in 
negatively handled pigs on-farm suggest that more muscle glycogen was 
mobilized post slaughter in negatively handled pigs compared with pigs 
positively handled on farm (D’Souza et al, 1998) 

� Human Factors 

Role of the Handler 

Human Characteristics 
To show how the interaction between pigs and humans on-farm can influence 
the pigs stress response of pre-slaughter handling, and potentially meat quality, 
studies would suggest that the personality or attitudes of the handler may 
determine the level of aversive behaviour onto the pig. Gemus-Benjamin et al., 
1998 demonstrated that handlers of low self-esteem are more likely to use 
aversive behaviour than persons of high self-esteem. In deterministic study of 
attitudes and predicting behaviour of persons working within an Australian 
abbatoir (Coleman et al, 2003), a key finding included that persons with a 
positive attitude toward pigs were more likely to turn off the electrical source to 
the prod. Whereas those with negative attitudes were more likely to turn on the 
electrical source to the prod. Also, using an approach test to determine whether 
pigs are likely to be easily handled, pigs that have experienced aversive 
behaviour do not seem to differentiate between handlers (Hemsworth et al., 
1994) irrespective of subsequent treatment. This study proposed that in 
situations where pigs were handled in two markedly different manners, the 
behavioral response to the negative manner will extend to other humans. 
These findings may be an important distinction when groups are assigning who 
is at fault from a handling perspective. While producers may point the blame of 
fatigue pigs on the trucker, or the trucker on the producer, any event of aversive 
human-interaction may generate a response of avoidance of a new handler at a 
different stage of marketing. 

Handler Behaviour 
Another area of people behaviour is in recognizing when the handler should 
“back off” on driving of the pigs. Rough handling, pile-ups and excessive use of 
the electric prods prior to stunning will increase pale soft, exudative pork 
(Barton-Gade et al., 1984). Based on their cone-shaped phenotype, pigs can 
become wedged and it is difficult for these pigs to separate from themselves 
while driving forward. In speculation, if the handler continues to goad the pigs 
with an electric prod, it further forces the pigs into a trap with reduced 
opportunity for escape from the aversive handling, and further activating the 
hypothalamic-pituitary-adrenal axis (HPA). 
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Role of Training 
Pigs that are difficult to handle tended to receive “harsher” treatment during 
loading and more handler to pig interaction (ie slaps, bumps, pushes) (Weeding 
et al., 1993). Moving market pigs in small bunches of three to six during 
loading, unloading and through the stunning process will reduce the amount of 
bunching or wedging. Also, it is thought that a lone animal is likely to become 
more panicked. When working in small groups, the pig is less likely to escape. 
In addition, small groups of calm pigs can be easily moved with alternative 
driving aids such as plastic paddles, flags and panels and hurdles (peer 
communication). Continued training of handlers is likely to decrease the 
incidence of fatigued pigs. One US plant, which has adopted a policy of low 
stress handling and transport, and eliminated the use of the prod, has lowered 
the incidence of fatigued pigs to 0.4/1000 head shipped, this number is 
compared to the predicted US national average of 1.2/1000 pigs shipped (peer 
communication). 

� Conclusions 

The Role of the Industry 

What Has Been Done  
Unifying the swine industry to act on the economic and welfare issues 
surrounding fatigue pigs has strong repercussions on the next steps. At 
present, the US National Pork Board has assembled a group consisting of 
industry representatives and academia to assemble known information on 
transport and fatigue pigs. Committees such as Alberta, Ontario and 
Saskatchewan Farm Animal Care have researched and provided information to 
producers to increase success in pig loading management.  

What Needs to be Done 
The food chain culture, albeit farm, transport or packing plant, will be the major 
determinant of the future incidence of fatigued or stress swine. Because most 
motivations are derived from economics, additional research conducted using 
US and Canada production facilities, transport, packing facilities and genetics 
are needed to determine the marginal profit benefits to improved animal 
handling.  
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