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ABSTRACT: The transport of weaned piglets is considered an important stress factor since the conditions involved
in shipping affect the animals’ health and welfare. The principal stressor factors that piglets experience during
transport include: mixing with unfamiliar animals, overcrowding, heat, cold, temperature fluctuations, vibrations,
and noise. It is well known that all these factors contribute to raising the level of stress caused by the weaning
process; however, the additional effects attributable to transport immediately after weaning impact the physiol-
ogy, metabolism and behaviour of piglets, predisposing them to delayed growth. For this reason, animal transport
must be well-planned and take into account such aspects as preparation of the piglets, choosing the best route and
vehicle type, assuring adequate vehicle design and maintenance, and providing sufficient space. Also important
for assuring the welfare of the piglets during transport are sufficient rest time, appropriate access to food and
water, defined measures for monitoring the animals during the trip, implementing means of disease control, and

establishing the steps to be followed in case of an emergency.
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1. Introduction

Transport is considered a key stress factor that af-
fects farm animals because it can have detrimental
effects on their health and welfare (von Borell and
Schaffer 2005). Today, for commercial and sani-
tary reasons, soon after weaning piglets must be
shipped from one site to another, where they will
continue their growth process. The objectives of

6. Vehicle vibration

7. Piglet behaviour during transport

8. Immunological alterations during transport
9. Conclusions

10. Acknowledgements

11. References

this transfer are to reduce vertical disease trans-
ference and optimise the piglets’ growth potential
(Wamnes et al. 2008). However, it has been postu-
lated recently that several factors related to trans-
port increase stress levels that have cumulative
effects on piglets. Therefore, transport-induced
stress added to that caused by the weaning pro-
cess itself has harmful consequences for the welfare
of piglets (Berry and Lewis 2001; Wamnes et al.
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2008). Given these circumstances, and depending
on whether transport occurs under experimental or
commercial conditions, piglets can be exposed to
diverse stress factors during shipping. These may
include: mixing with unfamiliar animals (Berry and
Lewis 2001), movement inside the vehicle, loading
density (Perremans et al. 2001), trip duration, tem-
perature inside the vehicle, environmental condi-
tions during the journey, fasting, and noise. To give
but one example, the new sounds that the animals
are exposed to may activate their defence mecha-
nisms, thus causing them to intensify their physical
activity as they struggle to escape (Lewis and Berry
2006). Similarly, mixing with other animals can
lead to the formation of hierarchies, a process that
entails aggressive behaviour and fighting among
piglets (Villarroel et al. 2011). In this vein, several
studies of the transport of growing pigs and those
beyond the growth stage have demonstrated that
shipping (simulated or real) can cause increases in
blood levels of cortisol and creatine phosphokinase
(CPK), two substances whose hormones are com-
monly associated with responses to stressful stimuli
(Bradshaw et al. 1996a,b; Hicks et al. 1998) and have
been shown to cause behavioural changes (Hicks
et al. 1998), fatigue (Lambooy 1988) and weight
loss in animals of as much as 7% (Prandl 1994).
Trip duration is another determining factor in this
process, since prolonged transport periods mean
greater food and water deprivation (Berry and
Lewis 2001); simultaneously, fatigue becomes more
frequent (Becerril-Herrera et al. 2010; Mota-Rojas
et al. 2012a,c). Another element that can affect ani-
mal health and welfare during transport is loading
density, especially in the case of recently-weaned
piglets (Lewis et al. 2012). In adult pigs, high load-
ing densities have been associated with elevated
mortality rates (Warriss 1998). Recent studies in
pigs weaned and transported for 60 min in sum-
mer have reported lower indices of immunological
alterations and physical damage when transported
in spaces that average 0.06 and 0.07 m?/pig, com-
pared to spaces of just 0.05 m?/animal. This find-
ing suggests that a minimum space of 0.06 m?/pig
is optimal (Sutherland et al. 2009a). Meanwhile,
another series of recent studies has used physi-
ometabolic indicators of stress (pH, partial carbon
dioxide pressure, partial oxygen pressure, sodium,
calcium, glucose, lactate and blood hematocrit) in
piglets weaned at different ages (15, 21 and 28 days)
to evaluate the effect of weaning followed by trans-
port. Observations showed that the piglets weaned
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and shipped at an early age (two weeks) suffer sig-
nificant metabolic, hydric and gas exchange imbal-
ances that affect their welfare (Roldan-Santiago et
al. 2011b). Finally, regardless of age, subjecting pig-
lets to transport has been shown to be an extremely
stressful experience, as just a one-hour trip is suf-
ficient for them to begin to suffer physiometabolic
imbalances (Roldan-Santiago et al. 2011a). It is in
this context that the present review analyses and
discusses the principal stress factors that affect the
physiology, metabolism and behaviour of recently-
weaned piglets during transport.

2. Transport of weaned piglets

Transport in general is a stressful activity for
piglets, an experience that commonly has reper-
cussions for both their physiology and behaviour.
This is especially true of early-weaned piglets (14 to
19 days) (Stephens and Perry 1990; Warriss 1998;
Lewis and Berry 2006). However, the responses to
stress caused by transporting weaned piglets have
been little studied (Lewis and Berry 2006), although
it is known that during the weaning process piglets
confront a whole series of diverse, abrupt changes.
Piglets weaned at four weeks of age must change
from a purely liquid diet to a solid one, an adapta-
tion that often results in no food ingestion during
the first 24 or 48 h post-separation (Bruininx et al.
2002; Dybkjaer et al. 2006). On this issue, various
authors have pointed out that transport immedi-
ately after weaning can exacerbate this period of
fasting and lead to a higher risk of diarrhoea and
delayed growth (McCracken et al. 1995; Berry and
Lewis 2001).

Another well-known fact is that piglets shipped
immediately after weaning at 17 days, and for dif-
ferent transport times (20 min vs. 12 or 24 h), suf-
fer weight loss (0.4 + 0.1 kg; P < 0.01) regardless of
trip duration (Wamnes et al. 2006). In their 2001
study, Berry and Lewis confined groups of 17-day-
old piglets in wooden crates measuring 1.2 x 1.2 x
1 m (i.e., a vital space per piglet of 0.18-0.36 m?)
provided with straw bedding, and then simulated
transport at distinct trip times (0-24 h) and tem-
peratures (20—35 °C). Their observations revealed
a significant effect of trip duration and tempera-
ture on weight loss: the piglets subjected to 6 h of
transport at a temperature of 20 °C had an average
weight loss of 0.45 kg, while those transported for
24 h at a temperature of 35 °C suffered a substan-
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tially greater weight loss of 0.63 kg (P < 0.001).
These findings suggest that prolonged confinement
added to higher ambient temperatures increases
weight loss in piglets. Moreover, in a later study un-
der the same trip conditions, these authors found a
significant increase in water consumption after 24 h
of transport compared to piglets shipped for 6 and
12 h (Lewis and Berry 2006). In relation to these re-
sults, Bergeron and Lewis (1997) reported that pigs
may lose up to 12.7% of their body weight through
dehydration. Furthermore, Lambooy (1988) points
out that transport periods longer than 12 h lead to
greater weight loss due to a prolonged period of
food and water deprivation; conditions that pro-
pitiate a state of fatigue in piglets.

3. Duration of transport

Transport time affects the welfare of piglets
(Hambrecht et al. 2005), a fact that may be reflected
in their behaviour. Piglets that remain in a supine
position for long periods are manifesting a behav-
iour that can be associated with the fatigue they
experience during transport (Wamnes et al. 2008).
Lewis and Berry (2006) found that during the first
12 h of shipping, 36% of piglets stay standing, while
60% lie down. These behavioural patterns were seen
to increase with greater transport times, for in the
ensuing 12 h, 91.6% of the pigs were prostrate, while
the percentage of animals that remained standing
fell to just 7.4%. This suggests that part of the in-
crease in adopting a supine posture after 12 h of
transport is attributable not just to fatigue, but also
to thermoregulation (overcrowding). The mixing
of unfamiliar animals that occurs during transport
is another factor that causes stress (Edwards 2002;
Ekkel et al. 2003; Mota-Rojas et al. 2009, 2011b,
2012b,c; Becerril-Herrera et al. 2010). Experiments
have shown that mixing provokes an increase in
the number of fights among piglets, an additional
factor that could contribute to the onset of fatigue
(see Berry and Lewis 2001). In other research, pros-
tration has been identified as a behaviour that in-
dicates “stress” (Dybkjaer et al. 2006). This type of
conduct has been observed more frequently during
the first 12 h of transport (2.8%) than in the fol-
lowing 12 h (0.3%) (Lewis and Berry 2006), and is
also observed more often during the first day that
piglets spend in weaning corrals (0.49%), though it
decreases (0.29%) on the second and third days that
the piglet stays in that area (Lewis et al. 2012). On

the basis of these findings, the authors posit that
the increase in prostration, the reduced number of
piglets that sit, and the establishment of new hier-
archies may be signals indicating that the piglets
have become habituated to some of the elements of
the shipping environment (Berry and Lewis 2001).
With regard to the frequency of water consump-
tion, it has been observed that this index is higher
on the first day after transport and increases with
trip duration (control group: 2.4%; 6 h: 2.7%; 12 h:
3.0%; 24 h: 3.7%) (Lewis and Berry 2006). In a sim-
ulated transport model, piglets shipped for 24 h,
regardless of temperature (20 °C, 30 °C, 35 °C), pre-
sented higher hematocrit values (41.1%) than the
control group (0 h of transport: 39%); these results
reflect the extreme dehydration that piglets may
suffer during transport (Berry and Lewis 2001).

4. Temperature during transport

It is widely believed that trip temperature and
duration are the two main factors that affect the
early response of recently-weaned piglets to trans-
port (Berry and Lewis 2001). Both summer heat
and winter cold can increase the level of stress that
piglets experience in the vehicle and, therefore,
negatively affect their behaviour and welfare after
the stressful weaning process. Temperature sig-
nificantly exacerbates the stress that piglets suffer
during transport and may increase the risk of dehy-
dration (Wamnes et al. 2008). Indeed, temperature
has adverse effects whether it is too low or too high.
In Canada a comfortable temperature for weaned
piglets (weighing 4—7 kg) of 24—34 °C has been sug-
gested (CARC, 1993). During transport, however,
the temperature inside the vehicle can vary rapidly,
especially in winter if it is not equipped with a heat-
ing system (Grandin 2008). In their study, Berry and
Lewis (2001) assessed the effect of trip duration and
temperature on weaned piglets. Their results report
greater weight loss in animals shipped for 24 h at
temperatures of 30-35 °C, and in piglets shipped
for 6 h but at a temperature of 20 °C. In addition,
the season of the year can affect piglet behaviour
during transport, as it has been observed that the
number of piglets that fight inside the truck in the
summer (39) is greater than in wintertime (just 3).
This finding might indicate that in winter ther-
moregulation takes priority for the piglets, while
certain social behaviours —like establishing hier-
archies — take a back seat (Lewis and Berry 2006;
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Lewis et al. 2012). In this regard, Lewis (2008) men-
tions that the average body temperature measured
on the surface of the ear in summer (36.2 °C) was
significantly higher than the temperatures meas-
ured in autumn (27.0 °C) and winter (23.1 °C). The
rectal temperatures recorded were also higher in
summer (39.2 °C) than in autumn (38.7 °C) or
winter (38.6 °C). These differences between ear
and rectal temperatures suggest that there is a de-
mand for physiological mechanisms that function
to maintain body temperature. In another study,
Berry and Lewis (2001) simulated the transport
of piglets on a 24-h trip at a constant tempera-
ture of 35 °C. They observed a reduction in food
consumption (0.26 kg) during the three days after
weaning, compared to groups with 0 h (0.43 kg)
and 6 h (0.49 kg) of transport. In that same study,
the authors mention that the differences between
the treatment groups (temperature and duration)
remained evident for seven days after transport.
Food consumption was measured as follows: pig-
lets with 0 h of transport, 3.32 kg; those with 6 h
of transport, 3.27 kg; and after 24 h of transport,
2.61 kg. However, at 14 days post-transport these
differences had disappeared (P > 0.05) (0 h: 14.12;
6 h: 13.43; and 24 h: 12.47 kg). Lewis et al. (2012)
weaned and shipped piglets in three seasons (sum-
mer, autumn, winter) using four different trip times
(0, 6,12 and 24 h). According to their observations,
17 piglets (5.9%) were classified as showing little
activity, and those same animals had not recovered
their weight at seven days post-weaning. Similar
findings were seen more often after transport in
winter. Preliminary observations of these piglets
showed that they were apparently healthy animals
that had not learned to eat sufficient food to satisfy
their physiological needs. These piglets represent
an important area of concern in terms of welfare
due to this prolonged pattern of low food consump-
tion, especially after wintertime transport.

5. Loading density

Loading density is another important aspect of
animal transport, for it has been shown that both
too little and too much vital space per animal can
compromise health and welfare (Hay et al. 2001;
Kanitz et al. 2002). For this reason, the space re-
quirement during transport is not only a problem of
animal health but also a welfare concern throughout
the pork industry. High densities have been associ-
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ated with elevated mortality rates in pigs shipped
to the slaughterhouse (Warriss 1998). Also, Gade
and Christensen (1998) found that losses (dead and
non-ambulatory pigs) during shipping were twice
as high under conditions of low loading density
(0.4 m?/pig) compared to high densities (0.5 m?/pig)
in the trucks. Their figures were 0.88 vs. 0.36% of
total losses, respectively. Studies have also dem-
onstrated that loading density affects some physi-
ological variables that serve to assess the degree of
stress and fatigue that pigs suffer during transport;
including lactate dehydrogenase and creatine phos-
phokinase concentrations. It is in this regard that
Kim et al. (2004) report lower concentrations of lac-
tate dehydrogenase in pigs shipped at low densities
(0.31 m?/100 kg) compared to medium (0.35 m?)
and high densities (0.39 m?). Other research has
pointed out that creatine kinase levels are higher in
pigs transported at densities below 0.5 m?/100 kg
(Gade and Christensen 1998; Warriss 1998; Lewis
2008). Lewis and Berry (2006), meanwhile, found
that pigs that are weaned and shipped in a vital
space of 0.06 m?/animal spend 55.3% of their time
in a prostrate position and 40.5% on foot during
transport. Kim et al. (2004) observed that time
spent standing during transport was lower in piglets
under conditions of low density (0.39 m?/100 kg)
compared to medium (0.35 m?) and high density
(0.31 m?). However, Gade and Christensen (1998)
found that providing more space to the pigs did not
result in a larger number of prostrate animals; to the
contrary, they observed continuous disturbances by
other pigs at loading densities of 0.42 m?/100 kg and
of 0.5 m?/100 kg. Those pigs experienced greater
difficulty in maintaining their balance. In this re-
spect, Sutherland et al. (2009a) report that piglets
with 0.06 m?/animal of space spend more time on
foot (2.6%) during transport compared to piglets
shipped at 0.07 m?/animal (1.3%). They suggest
that limiting the amount of space available results
in the piglets reposing one on top of another, and
that as this behaviour becomes more frequent both
the number of lesions and the degree of distress
will increase. Thus it may be that shipping weaned
piglets at a vital space of 0.07 m?/animal is prefer-
able to transport under more restrictive conditions
(0.06 m?/pig).

One of the alterations related to the stress that
weaned piglets suffer during transport is an ele-
vated proportion of neutrophils: i.e., lymphocytes
and higher cortisol concentrations. In their study,
Sutherland et al. (2009b) transported 100 recently-
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weaned piglets for 112 min at different loading
densities (0.05, 0.06 and 0.07 m?/pig). They found
that the concentrations of creatine-kinase (CK),
aspartate aminotransferase (AST) and urea rose in
the weaned pigs after shipping, regardless of load-
ing density. During post-transport, the concentra-
tions of CK and urea reached the upper limit or
were slightly above the normal range, though AST
was within the normal range for weaned piglets. In
these circumstances, muscle fibres release CK and
AST into the bloodstream in response to exercise
or tissue damage; thus, their presence is a good
marker of muscle activity or of tissue damage in
pigs (Fabrega et al. 2002; Yu et al. 2009; van der
Meulen et al. 2010). In another study, Sutherland
et al. (2009b) found high concentrations of total
proteins and albumin, suggesting that the pigs
suffered mild dehydration as a consequence of
transport. However, hematocrit and body weight
did not decrease significantly after shipping, in-
dicating that these pigs experienced only mild
dehydration after the 112-min transport period.
It is important to remember that these results
may differ in piglets that are weaned and trans-
ported in the summer, in warm weather condi-
tions, or for longer trip times, since hematocrit
increased and the piglets experienced weight loss
after weaning and transport for 60 min at an aver-
age temperature of 28 °C. In the aforementioned
experiment, the piglets transported at densities
of 0.05 m?/animal spent less time lying down than
those shipped at densities of 0.06 and 0.07 m?/
animal between 30 and 60 min post-transport; a
finding that suggests that the pigs transported at
a density of 0.05 m?/pig were more restless than
those shipped at densities of 0.06 or 0.07 m?/ani-
mal (Sutherland et al. 2009a). Additionally, Lewis
and Berry (2006) found that early-weaned piglets
transported for 0—6 h at a space of 0.06 m?/pig
rested 71% of the time and stood for 26.5% of
the transport period in summer, while the studies
conducted by Sutherland et al. (2009a) report that
piglets weaned and transported for 60 min with a
vital space of 0.06 m?/animal sat 68% of the time
and lay down for 19%. Of course, the differences
between these two studies may be attributable to
the different transport times involved.
Sutherland et al. (2009b) also report that piglets
spent the final 30 min of the 112-min trip in in-
active conducts (prostrate/piled). They offer two
possible explanations for this: first, that these be-
haviours mean that the piglets had adapted to the

transport conditions; second, that they were suffer-
ing from exhaustion. Fatigue can be provoked by sev-
eral of the stress factors to which piglets are exposed
during transport, such as unloading and mixing with
unfamiliar piglets, among others. In other studies,
the early weaning of piglets shipped for 0-6 h in win-
ter (—2.8 °C to 3.2 °C) at a loading density of 0.06 m?/
animal spent about the same amount of time resting
as on foot (Lewis and Berry 2006). However, since
it is known that piglets often present behavioural
changes, the crowding they manifest at times may be
a means of regulating their temperature since their
bodies have little hair and, more importantly, their
levels of body fat are low. Thus, while the observed
increase in supine postures may be a marker of ex-
haustion, it could also be related to thermoregulation
by piglets due to temperature reductions inside the
transport vehicle (Sutherland et al. 2009b).

On this topic, studies conducted with adult pigs
have found that the animals are more likely to lie
down during the final hours of a long highway jour-
ney (Grandin, 1997; Becerril-Herrera et al. 2010;
Mota-Rojas et al. 2012b). This coincides with recent
results from Mota-Rojas et al. (2006), who evaluated
the position upon arrival of three groups of pigs that
had been transported for periods of 8, 16 and 24 h.
They observed that as trip time increased the num-
ber of animals that arrived in a prostate position
also rose. Moreover, the number of male animals
that arrived in that posture was statistically different
(P < 0.001) from the number of females shipped in
the same period. Also, Gallo et al. (2000) point out
that as travel time increases the animals tire, tend
to lie down, and may become more prone to falling;
therefore, it is important to make detailed observa-
tions of behaviour using video recording during the
journey. Combined with the physiological param-
eters of stress, this will facilitate interpretations of
the effects of transport on animals.

6. Vehicle vibration

Vibration inside the vehicle is bothersome for
pigs and can provoke vomiting during transport
(Bradshaw et al. 1996b). Vibration, as one aspect of
movement, can be characterised by direction (hori-
zontal, vertical) acceleration, and frequency. A rela-
tionship has been established between these factors
and the subjective degree of comfort or discomfort
that humans experience using diverse measures of
vibration (Randall 1992). Those studies suggest that
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vibration may be an even more aggravating element
than the noise associated with transport (Stephens
and Perry 1990).

The vehicles used to move farm animals are
rarely designed to reduce vibration, so animals
may be subjected to a magnitude of shaking even
higher than that felt by the driver. In this regard,
Perremans et al. (2001) observed that low fre-
quency vibration (2—-4 Hz) causes greater stress
than higher frequencies (8—18 Hz), because when
exposed to low-frequency vibrations the animals
spent 10 times less time in prostrate postures. Also,
their cortisol levels were higher when the vibrations
at frequencies of 4, 8 and 18 Hz ended. In these
conditions, the increased sensitivity of the piglets
to higher frequencies at the end of the experiment
could be explained by the agitation of the vehicle’s
floor: that is, although the degree of displacement
was minimal, the frequency of movement was ex-
cessive. This shaking action could cause the piglets’
viscera and muscles to vibrate, and this would pro-
pitiate a state of fatigue. In contrast, the sinusoidal
nature of movement at lower frequencies results in
relatively large, regular displacements to which the
animals might be able to acclimatise themselves.
Hence, their initial response could diminish as they
become accustomed to such movements. In an ear-
lier study, Perremans et al. (1998) recommended
eliminating low frequency vibrations and high ac-
celerations, since they cause the animals’ heartbeat
to increase during transport. Similar results regard-
ing vibration conditions were observed during the
transport of pigs to slaughterhouses (Randall et
al. 1997).

Perremans et al. (2001) report finding an increase
in the blood concentrations of ACTH and corti-
sol at 10 and 30 min, respectively, after the piglets
began to experience vibration, regardless of fre-
quency. Stephens and Perry (1990) also analysed
piglets’ responses to different vibration frequencies
and found that vibrations function as an aversive
stimulus since the animals learn to support or bal-
ance themselves in such a way that they cease to
feel the vibrations.

In their research on piglets, Peeters et al. (2005)
set out to examine the effects of complementing
the diet with magnesium, tryptophan, vitamin E
or vitamin C before a simulated transport experi-
ment. They subjected 126 piglets to vibrations in a
transport simulator (8 Hz, 3 m/s) for 2 h and then
let them rest for the same interval. The cortisol
concentrations in the saliva (collected before and
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after recovery) of the animals that received vita-
min E were lower. Those animals also had lower
concentrations of lactate before the vibrations be-
gan. Stable concentrations of lactate and creatine
kinase (CK) in the piglets that received the vita-
min E complement were clearly evident, while the
other treatments reduced lactate by at least 4 mg/dl,
or increased CK by at least 500 IU/I. In addition,
there was a relation between the loss of CK and
damage to the membrane of the muscle tissue.
Thus, the authors affirm that vitamin E stabilises
the membrane, especially in situations of stress.
Finally, vibration can be considered a stress factor
with a high emotional impact, since the animals
clearly manifest more intense fear as the frequency
of the vibrations increases (Perremans et al. 2001).
Despite these indications, however, additional stud-
ies designed specifically to study this relationship
are needed.

7. Piglet behaviour during transport

Knowledge of the basic behaviour and physi-
ological responses of animals during transport is
required to define the minimum requirements of
space and optimum environmental conditions for
shipping. There is evidence that traveling in a mov-
ing vehicle provokes greater stress than if the pigs
are simply loaded onto a truck for the same period
of time while the vehicle is parked (Lewis 2008).
After a trip of 25 min, or an identical waiting pe-
riod with the truck parked, Geverink et al. (1998)
reported that, upon unloading, the adult pigs that
had travelled were less active and spent less time
exploring their surroundings than those that had
not been moved. In another finding, cortisol levels
in the saliva were significantly higher in the group
that was shipped. Lysine-vasopressin values have
also been associated with malaise during transport,
suggesting that it may also be a valid marker of the
welfare of transported pigs (Bradshaw et al. 1996a).

Earlier studies have documented that early wean-
ing causes diminished food ingestion, weight loss
(Lewis and Berry 2006), an increase in oral/nasal
behaviours (Schmolke et al. 2004), and more fre-
quent vocalisations (Weary et al. 2008). In a recent
study of transported piglets, Lewis and Berry (2006)
observed a higher frequency of water consumption
on the first day post-trip (control group (0 h): 2.4%;
6 h:2.7%; 12 h: 3.0%; 24 h: 3.7%). These results show
that the piglets were thirsty and that the increase
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in this behaviour (drinking water) post-travel was
an attempt to compensate for the water lost during
transport. This increase showed a linear tendency
in relation to trip duration.

8. Immunological alterations during
transport

The factors that contribute to triggering stress
in transported piglets are very similar to those
that appear during the transport of adult pigs to
the slaughterhouse for sacrifice (Mota-Rojas et al.
2006, 2009, 2011a; Becerril-Herrera et al. 2010;
Martinez-Rodriguez et al. 2011). In this respect,
findings include increased heartbeat, high con-
centrations of catecholamines and cortisol and
greater cell volume. The increase of catecholamines
causes splenic contractions that produce a higher
percentage of erythrocytes. This explains, in part,
the dehydration seen in the animals after trans-
port (Becerril-Herrera et al. 2010). For all these
reasons, assessments of animal responses to stress
have used both physiological and behavioural pa-
rameters. Regarding the former, blood concentra-
tions of cortisol, lactate, glucose, vasopressin and
catecholamines (Hicks et al. 1998; Fischer 1996;
Gallo et al. 2001; Davis et al. 2006; Edwards et al.
2010) are those most often employed; however, in
the case of cortisol one must keep in mind that con-
centrations can vary widely and its half-life is very
short, factors that can lead to contradictory results
(Mota-Rojas et al. 2011a). Other means of evaluat-
ing stress have involved such markers as analysing
cell packs, leucocyte counts and ketone bodies, or
evaluations of enzymes like lactate dehydrogenase
and creatine phosphokinase (Becerril-Herrera et al.
2010). Yet other studies have explored the use of
respiratory rates together with body temperature
(Knowles 1999).

Evaluating the acid-base balance is another useful
tool for determining responses to stress during ani-
mal handling (Becerril-Herrera et al. 2010; Roldan-
Santiago et al. 2011a,b; Trujillo-Ortega et al. 2011;
Mota-Rojas et al. 2011b, 2012a,d). Hamilton et al.
(2004) assessed the effect of handling intensity on
the acid-base response in adult hogs. Their results
show that pigs handled with greater intensity pre-
sent higher lactate levels, lower levels of pH and
HCO,, and excess base.

More recently, Mota-Rojas et al. (2012a) and
Becerril-Herrera et al. (2010) have demonstrated

the usefulness of determining the variables associ-
ated with the acid-base balance, including lactate,
pH, glucose and blood gases (pCO, and pO,) for
evaluating stress and animal welfare in adult pigs
that are shipped to abattoirs for sacrifice. In the
results of the latest research, transport caused a
reduction and increase in pH and lactate blood,
respectively, as well as decreases in blood gases.
However, scientific literature showing the results
associated with the effect of transport-induced
stress on physiometabolic changes in weaned pigs
is still scarce.

9. Conclusions

Transporting piglets contributes to increasing
the levels of stress caused originally by weaning,
mainly because during the weaning process piglets
not only confront the separation from their mother
and litter mates, but also experience changes in
their physical environment and handling to which
they are not accustomed. Therefore, when in addi-
tion to all these changes the piglets are also shipped
to another site to continue their growth process,
the level of stress they suffer increases, and the
physiological, metabolic and behavioural repercus-
sions become more severe since the animal must
deal with a whole series of new stressor factors
during transport. The principal conditions that
piglets experience when shipped include mixing
with unfamiliar animals, overcrowding, heat, cold,
temperature fluctuations, vibration, noise, and trip
duration.

Mixing with unfamiliar animals during trans-
port provokes aggression and fighting among the
piglets, and this has repercussions for their food
consumption, growth and gastrointestinal health;
for example, a piglet can lose up to 12.7% of its
body weight due to transport-induced dehydration.
Temperature and trip duration can also affect the
early immunological response of piglets, so it is
critical to assure a comfortable temperature inside
the transport vehicle. Studies have shown that an
interior temperature range of 24—34 °C is recom-
mendable. Also to be taken into account is that as
trip duration increases piglets will become more
prone to suffering extreme dehydration, with hema-
tocrit values falling to levels as low as 40%. Thus,
prolonged transport periods coupled with increased
food and water deprivation result in more frequent
episodes of fatigue. With regard to the factor of
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loading density, it has been shown that both too lit-
tle and too much vital space compromise the health
and welfare of pigs. Low densities of 0.04 m?/piglet,
for example, can produce mortality rates of 0.88%
during transport. In contrast, a vital space of 0.06
m?/pig results in fewer immunological alterations
and reduces physical damage, so this amount is
considered the minimum recommended space
for shipping piglets. With respect to the vibration
caused by the vehicle during trips, it is important to
remember that low frequency vibrations of 2—4 HZ
provoke greater stress than high frequency vibra-
tions of 8—18 Hz. On the basis of all the findings
reviewed in this paper, the recommendation is to
maintain the piglets under optimal environmen-
tal conditions by taking into account all the fol-
lowing factors: climate type, season of the year,
temperature, ventilation, humidity, type of road,
trip duration, and loading density on the transport
vehicle. The goal of considering all these elements
is to reduce as much as possible the levels of stress
that each condition can cause and, therefore, im-
prove the welfare of recently-weaned piglets during
transport.
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