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ABSTRACT
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The objective of this research was to investigate the behavioural, physiological and
immunological effects of routine surgical procedures in neonatal swine in order to provide
producers with science-based recommendations. In the first experiment, low- or average-birthweight piglets that were tail docked and ear notched at 1 or 3 days of age showed subtle
differences resulting from age at processing. However, low-birth-weight male piglets had the
lowest attendance during nursing bouts and spent the greatest amount of time lying alone.
Vocalization data suggests that ABW piglets may be less reactive to the procedures on d 1.
Overall, the decreased vitality and reduced survivability of low-birth-weight piglets suggests that
delaying processing until day 3 for these piglets may be preferable. In the second experiment, the
effects of docked tail length and nursery stocking density on tail-biting behaviour, skin lesions
and rectal prolapses were investigated. Long-tailed pigs (docked to 4.5 cm at birth) were most
vulnerable to tail-biting, and housing at a moderate versus high nursery stocking density was not
sufficient to reduce tail-biting. High nursery stocking density negatively impacted skin lesion
scoring and growth performance for the majority of the grower-finisher period. Pigs from either
nursery stocking density and docked tail length groups were equally likely to be affected by
prolapsed rectal mucosa. Given the decreased survivability and significantly lighter weaning
weight for low-birth-weight piglets compared to those of average-birth-weight, delaying
processing of low-birth-weight piglets may be the most humane option. Further, until tail-biting

is better understood and a more effective solution found, the routine docking of tails remains the
optimal method for balancing a situation with enormous welfare-reducing potential.
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CHAPTER 1: GENERAL INTRODUCTION

In North America, routine procedures, including parenteral iron administration,
castration, and tail docking, are performed on neonatal piglets in the majority of pork production
systems. These procedures, collectively referred to as piglet ―processing‖, represent one of the
most controversial farm practices for animal welfare reasons. In addition, the recommendations
of many veterinary and pig producer organizations lack empirical information necessary to
ensure the optimal well-being of piglets undergoing surgical modification in commercial
settings. Two such areas are: the most appropriate age at which to process piglets of low-birthweight, and the most appropriate length at which to dock piglets‘ tails.
With piglet survival dependent on colostrum intake and normal suckling behaviour
(Alonso-Spilsbury et al., 2007), the effects of routine procedures on suckling and milk intake
cannot be overstated. Piglets of average-birth-weight subjected to castration have shown specific
pain-related behaviour up to 3-days post-procedure (Hay et al., 2003), were more isolated and
desynchronized (Moya et al., 2008), suckled for decreased periods and missed more nursing
bouts (McGlone et al., 1993) when compared to unaltered littermates. However, the degree to
which processing affects suckling and milk intake in low-birth-weight (LBW) piglets has not
been studied. With their predisposition to chilling (Rooke and Bland, 2002), increased latency to
the udder (Rohde-Parfet and Gonyou, 1988), and expected survival rate of 28% for the first week
of life (Marchant et al., 2000), producers are often unsure of when to process LBW piglets. It is
clear that the topic warrants scientific investigation.
Tail docking is a preventive measure against ―tail-biting‖, a broad term for a
classification of abnormal behaviour in nursery and grower-finisher pigs which ranges in severity
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from non-injurious tail-in-mouth (TIM) behaviour to cannibalism (Schroder-Peterson et al.,
2004; Taylor et al., 2010). Tail-biting has been associated with the ―extreme intensification‖ of
swine housing (Smulders et al., 2008), and the behaviour can be exacerbated by increased
stocking density and group size, a barren environment and lack of substrate for rooting, poor
ventilation, high temperatures, drafts, nutritional insufficiency, genotype, sex and decreased
accessibility of food and water (Breuer et al., 2005; Schroder-Peterson and Simonsen, 2001;
Moinard et al., 2003; Taylor et al., 2010). A recent producer survey showed that tail length and
nursery barn stocking density are considered important factors in controlling tail-biting
behaviour (Paul et al., 2007). While the critical point at which stocking density impacts
production has been determined (Gonyou et al., 2006); guidelines for pig producers regarding
optimal docked tail length remain unclear (Simonsen, 1995; Kritas and Morrison, 2004;
Thodberg et al., 2010). Additionally, the combined effects of nursery stocking density and
docked tail length on tail-biting behaviour have not been examined from weaning to slaughter.
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CHAPTER 2: LITERATURE REVIEW

2.1

Nursing

2.1.1 Phases of nursing
During parturition, lactation is asynchronous and continuous, since milk, in the form of
colostrum, is continually available (Castren et al., 1989). During the first 5 hour period of ―neonursing‖, individual piglets nurse about every 20 minutes, gaining over 5 g per suckle (Castren et
al., 1989). Approximately 11 hours later, nursing becomes synchronous and cyclical (Lewis and
Hurnik, 1985), and the majority of the litter must be present to provide the necessary stimulation
for milk let-down. Nursing bouts may be initiated by the sow after she calls her piglets to the
udder with a nursing grunt, or by the piglets when they assemble at or massage the udder and
begin to vocalize. Cyclical nursing consists of 5 distinct phases: arrangement of the piglets on the
udder, vigorous udder massage to stimulate milk let-down, slow and rhythmic sucking, rapid
sucking to consume milk, and a final massage (Fraser, 1980).

2.1.2 Teat-seeking behaviour
With their survival dependant on colostrum intake for energy, warmth and immunity,
piglets stand and teat-seek within minutes of birth (Rohde-Parfet and Gonyou, 1987). At this
stage, the piglet is predominantly reliant on its sensory modalities of olfaction, audition and
tactition to locate the udder (Morrow-Tesch and McGlone, 1990; Rohde Parfet and Gonyou,
1991). Sight is only indirectly related to teat-seeking as piglets tend to prefer areas of low versus
high illumination (Rohde Parfet and Gonyou, 1991). From birth to first suckle this process takes
approximately 15 minutes (Rhode Parfet and Gonyou, 1988). Increased latency to suckle has
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also been observed for low-birth-weight (LBW) piglets (Rohde-Parfet and Gonyou, 1988) and
for LBW piglets with disproportionately larger heads (Baxter et al., 2008). From the moment the
piglet makes contact with the first nipple, the teat-seeking phase is considered complete
(Hartsock and Graves, 1976).

2.1.3 Establishment of teat order
Following the initial suckle, piglets move along the udder ―sampling‖ an area of typically
4 to 5 teats and engaging in overt fighting with littermates to establish teat order (Hemsworth et
al., 1976; Rosillon-Warnier and Paquay, 1984). An attempt to displace suckling piglets typically
results in the defending piglet positioning its body to make the teat inaccessible to other piglets
(Hartsock and Graves, 1976). When this is not sufficient, the encounter frequently results in
aggressive interactions. While previous theories proposed the basis of teat order to be based on
dominance and access to anterior teats, more recent research has provided evidence otherwise
(Rosillon-Warnier and Paquay, 1984; De Passillé and Rushen, 1989). Rosillon-Warnier and
Paquay (1984) found no influence of sex, birth weight or birth order on teat order. In 1989, De
Passillé and Rushen found that teat preference is based largely on where the first suckle
occurred, and proposed that rather than fighting for access to the most productive teat, piglets are
attempting to ensure access to any functional teat. Similar to the conflicting views on the
function of teat order, there is little agreement on the length of time before teat order is
established. Though one study found teat order to be established for most piglets by one week of
age (Rosillon-Warnier and Paquay, 1984), another found it may require twice as long
(Hemsworth et al., 1976).
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2.1.4 Components of colostrum and intestinal uptake
There is no dispute that without colostrum, the neonatal piglet will become
hypoglycaemic within 15 hours of birth (Alonso-Spilsbury et al., 2007). As a consequence, it
will suffer metabolic disturbances, impaired chemical thermogenesis (Alonso-Spilsbury et al.,
2007) and will most likely not survive. Aside from the immediate energetic benefits, the piglet is
reliant on colostrum for passive immunity: due to the nature of the epitheliochorium in the suid
placenta, the neonatal piglet is devoid of gamma-globulins until it consumes colostrum (Rooke
and Bland, 2002). Colostrum contains high levels of immunoglobulins (notably, IgG and lower
levels of IgA and IgM), in addition to bioactive peptides such as growth factors, cytokines,
insulin, epidermal growth factor, leukocytes and protease inhibitors (Rooke and Bland, 2002).
The intestinal epithelium rapidly absorbs large colostral components until approximately 24
hours of age, at which time the gut begins to ―close‖ (Lecce et al., 1964; Rooke and Bland,
2002). It is therefore critical that the piglet ingests a sufficient amount of colostrum prior to this
time.

2.2

Neonatal suids

2.2.1 Characteristics of neonatal suids
Even under optimal farrowing conditions, a newborn piglet of average body weight is
considered under-developed since its immune system is functionally immature and naive to
antigens (Rooke and Bland, 2002). In addition, the neonatal piglet is considered the most coldsensitive ungulate, since it is virtually hairless and devoid of brown fat (Baxter et al., 2008).
With a lower critical temperature of 34˚ C, it relies almost exclusively on shivering
thermogenesis if chilled (Alonso-Spilsbury et al., 2007). Smaller piglets, with an increased
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surface area to volume ratio are at even greater risk of hypothermia (Rooke and Bland, 2002).
Additionally, smaller piglets are shown to have increased latencies to contact the udder at birth
(Rohde Parfet and Gonyou, 1988) and may differ physiologically from littermates, thereby
carrying an increased risk of mortality (Rooke and Bland, 2002).

2.2.2 Low-birth-weight piglets
Contrary to the common misconception that low-birth-weight piglets are a result of
limited uterine space, the primary cause of small-for–gestational-age (SGA) and intrauterine
growth restriction/retardation (IUGR) piglets in swine, as in humans, is placental insufficiency
(Kramer et al., 1989; Bauer et al., 2003). Though the terms IUGR and SGA are often used
interchangeably in the literature, a clear delineation exists. SGA piglets are defined as having a
birth weight below the 10th percentile of the litter (Duffield, 2007). While IUGR piglets also fall
into this weight category, their condition is more specifically defined using anthropometric
measurements that reflect the timing of gestational substrate limitation (Duffield, 2007). Based
on fetal growth curves in swine, as explained by Kramer et al. (1989) for human infants, body
length increases at a steady linear rate throughout gestation, whereas the slope of body mass
increases relatively sharply in the weeks prior to farrowing (Ullrey et al., 1965). As the name
suggests, symmetric IUGR (sIUGR) piglets are proportionately reduced in body length, head
circumference, and body weight; such piglets reflect nutrient restriction in early gestation
(Kramer et al., 1989). Alternatively, asymmetric IUGR piglets (aIUGR) may have relatively
normal measures of body length and head circumferences compared to littermates, but have a
low body weight or are very thin. Such piglets present as disproportionate, the degree to which is
dependent on the severity of nutrient restriction during late gestation. Clinical confirmation of

6

aIUGR status is often deduced from a reduced value for ponderal index (Kramer et al., 1989).
More simply stated, ―for a given birth weight, (asymmetric) intrauterine growth-retarded
(piglets) are longer and thinner and have larger heads than non-growth-retarded (piglets)‖
(Kramer et al., 1989). Given its adaption to substrate-impoverished conditions, the IUGR fetus
may be more resistant to potentially hypoxic conditions during the parturition process such as
intra-partum asphyxia (Warshaw, 1985; Bauer et al., 2003). Generally affecting later-born
piglets, this growth retardation results in activation of the sympathetic adrenal system of the
piglet, depletion of glycogen stores (with subsequent lethargy and disorientation) and increased
latency to udder contact (Rohde-Parfet and Gonyou, 1988; Alonso-Spilsbury et al., 2007).
However, the additional physiological consequences of having been an IUGR fetus, such as
impaired excretory renal function and hypertension (Warshaw, 1985; Bauer et al., 2003), may
preclude its survival beyond the perinatal period.
Research has shown that those neonates defined as IUGR may differ metabolically from
their appropriate-for-gestational-age counterparts. As described by Gluckman et al. (1996),
IUGR children have shown evidence of reduced insulin sensitivity, increased IGF-I plasma
levels (with potential IGF-I insensitivity and/or altered IGF-binding protein regulation) (Hofman
et al., 1997), and increased responsiveness to GH-releasing factor (Dieber et al., 1986).

2.2.3 Perinatal survival
As stated by England (1974) with regard to farrowing management: ―post-natally,
nutrient availability, temperature maintenance and avoidance of trauma are usually adequate for
large pigs but not for small and weak ones.‖ Therefore, although potentially more resistant to
some unfavourable conditions such as hypercapnic environments during farrowing, IUGR piglets
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are at greater risks than other piglets for preweaning mortality (England, 1974; Marchant et al.,
2000; Rooke et al., 2001; Milligan et al., 2002a, 2002b). It has been previously reported that
only 28% of piglets weighing less than 1.1 kg survived the first week of life (Marchant et al.,
2000). Additionally, low-birth-weight has shown to significantly decrease survival for the
prenatal, pre-weaning, and nursery periods, and negatively impact the animal‘s condition in the
grower-finisher period (Fix et al., 2010). However, England (1974) stated that increased survival
of low-birth-weight piglets can be achieved through the use of effective management practices
such as: attendance at farrowing, supplemental feeding of colostrum and milk, provision of a
warm, draft-free environment, management of scours, a reduction in piglet competition through
fostering or split-suckling, and maintenance of a quiet and comfortable area for the sow. The
implementation of such techniques has been highly successful. In 2008, Dewey and colleagues
showed that for piglets weighing less than 1.1 kg at birth, mortality can be decreased and 16-day
body weight increased through provision of ―maximal care‖ techniques such as drying and
warming after farrowing, provision of glucose or colostrum, and split-suckling. Additional
interventions provided in the study by Dewey et al. (2008) included the taping and massaging of
splay-legged pigs, provision of an extra meal to the sow, and greater attention to cleanliness of
the farrowing crate and processing tools. Through reducing neonatal piglet chilling and
starvation, a LBW piglet survival rate of 73% is attainable (Dewey et al., 2008). Of these, twothirds can be expected to reach a 16-day weight of 3.5 kg (Dewey et al., 2008). An earlier study
by Holyoake et al. (1995) achieved similar results and concluded that supervision of farrowing
by trained personnel was a cost-efficient method of successfully reducing pre-weaning mortality.
Martineau (2009) reported that even piglets weighing 60% less than conspecifics at weaning can
reach market weight given 28 additional days in finishing. This is evidence that a percentage of
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LBW piglets, when provided increased care, time and accommodation, have the potential for
consistent growth and marketability. However, the end value of such intensive practices may be
limited. In modern swine production facilities that function on standard growth benchmarks,
LBW piglets are often viewed as hindrances. In farrowing rooms, large litters with SGA piglets
tend to complicate cross-fostering (Milligan et al., 2002; Martineau, 2009). Post-weaning,
piglets exhibiting reduced growth rates are often moved to younger groups, contributing to
disease transmission by interfering with the ―all-in, all-out‖ flow of modern facilities (Smith et
al., 2007; Martineau, 2009). At slaughter, pigs born at low weights have been found to have
higher percentages of offals (internal organs, bones, and skin) and a decreased percentage of
muscle tissue than pigs born at higher weights (Rehfeldt and Kuhn, 2006). On a histological
level, the muscles of LBW piglets differ from those of other piglets due to a smaller total number
and increased size of myofibrils (Bee, 2004; Rehfedlt and Kuhn, 2006). Given the association
between muscle fibre size and number with decreased sensory quality of the meat, the value of
the end-product from LBW pigs has been debated in the literature. Though previous studies have
concluded that LBW piglets produce poor-quality meat (Bee, 2004; Rehfedlt and Kuhn, 2006),
more recent research refutes that claim, although the minimum birth-weight permitted in the
study was 0.75 kg (Beaulieu et al., 2010).

2.3

Piglet Processing
In North America, routine procedures including parenteral iron administration, castration,

and tail docking, are routinely performed on neonatal piglets on the majority of pig farms.
Additionally, teeth clipping or grinding and ear notching/tagging or tattooing may be performed.
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Provision of iron to neonatal pigs is critical due to its limited placental transfer and low
concentration in milk (Pond et al., 1997). In the absence of an exogenous source of iron, piglets
will develop severe anemia and exhibit reduced growth (Pond et al., 1995). In a natural setting,
soil ingestion from exploratory behaviour after the first week of life would serve as an iron
source. However, in the protective housing environment of modern agricultural settings, piglets
must be provided with approximately 200mg of iron-dextran to prevent anemia (Murphy et al.,
1997).
Male piglets undergo surgical castration, traditionally without anaesthesia, in order to
prevent ―boar taint‖. This unpleasant odour and taste imparted to the meat of intact males is a
result of androstenone and skatole, which are substances produced in the testes and hindgut,
respectively (Squires, 2009). Though the levels of both chemicals vary naturally due to factors
such as sex, age, genetics, diet, and rearing conditions, castration is an effective means of
reducing androstenone and skatole in the meat (Furnols et al., 2008). Despite evidence that
castration causes pain (Taylor et al., 2001), anaesthetic or analgesic drugs are rarely, if ever,
used. Alternatives to surgical castration exist outside of Canada, and include marketing boars
prior to puberty, chemical castration, or immunocastration. Although intact males produce leaner
carcasses with minimal to no boar taint, the lighter market weight of these younger animals
makes this option uneconomical (Prunier et al., 2006; Squires, 2009). Chemical castration, which
induces local tissue destruction with the injection of acids or salts, has varying effects on boar
taint (Prunier et al., 2006). Immunocastration produces antibodies against gonadotropin releasing
hormone (Prunier et al., 2006). In terms of animal welfare, the impact of either chemical or
immunocastration has yet to be fully understood (Prunier et al., 2006). However, since both
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involve rearing intact boars past the onset of puberty, the potential for increased aggression and
fighting exists (Boyle and Bjorklund, 2007).
Tail docking is performed as a preventive measure against tail-biting. Occurring as a
consequence of modern pig production, tail-biting is a deleterious behaviour that results in
lesions ranging from mild skin abrasions to cannibalism (Schroder-Petersen and Simonsen,
2001). In an effort to reduce tail-biting behaviour and resultant lesions, the majority of farms in
North America routinely dock neonatal piglets‘ tails. Although the tail docking procedure has
been shown to result in acute distress, no analgesia is typically provided (Noonan et al., 1994;
Sutherland et al., 2008). The most common methods involve the use of side-cutting pliers (or
similar tool) to cold-dock the piglets‘ tail, or a cautery iron to sear through the tissue. Sutherland
et al. (2008) compared the two methods of tail docking against sham-handled piglets and found
the blood cortisol levels of cold-docked piglets to be significantly higher at 60 minutes postprocedure compared to controls, or piglets tail-docked using the cautery iron. Therefore, it was
concluded that the acute effects of tail docking are slightly less detrimental to piglets when a
cautery iron is used. Marchant-Forde et al. (2008) found that pigs tail-docked with the cautery
iron vocalized at a greater rate (calls/s) and frequency (Hz) during the procedure than cold
docked and sham docked piglets, but they concluded that the higher rate of vocalization may
have been due to duration of handling. However, the growth performance for piglets tail-docked
using the cautery iron tended to be reduced between 7 and 14 days of age compared to colddocked or control groups. It should be noted that piglets in the aforementioned studies displayed
behavioural signs of pain and distress regardless of tail docking method. Sutherland et al. (2008)
reported that piglets tail docked by either means spent more time ―scooting‖ post-procedure, a
behaviour believed to be an expression of hind-end discomfort. Similarly, piglets subjected to
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either the cold-dock or cautery iron method of tail docking produced vocalizations over 1000 Hz
during the procedure (Marchant-Forde et al., 2009), indicating pain and distress (Weary et al.,
1998). Further, histological examination of docked tail stumps has revealed the presence of
amputation neuromas (Simonsen et al., 1991), though this is not conclusive evidence for
hyperalgesia. However, given that intact tails may precipitate tail-biting (Hunter et al., 2001;
Sutherland et al., 2009) and the potential for severely tail bitten animals to suffer, tail docking
most likely limits the degree of assault.
In an attempt to reduce injurious lesions to littermates and sows, producers routinely clip
or grind the needle teeth of each piglet at birth. More accurately referred to as the deciduous
canines and lateral incisors, these needle-sharp teeth erupt in utero and are used as defence
weapons during establishment of teat order (Hartsock and Graves, 1976; Fraser and Thompson,
1991). While clipping these teeth may lessen piglet facial lacerations and sow udder lesions,
piglets with fully clipped teeth may exhibit reduced weight gain for up to several weeks
following the procedure, especially where competition for teat access is greater (Fraser and
Thompson, 1991; Weary and Fraser, 1999; Lewis et al., 2004). In Canada, it is recommended to
―remove only the top quarter of the tooth‖ (CARC, 1993) when clipping piglet teeth. Where the
teeth are clipped to the level of the gingiva, the oral trauma from the re-sectioning procedure
leads to exposure of the pulp cavity which can lead to pulp inflammation and abscess formation
(Hay et al., 2004). Where the pulp cavity is exposed, it is highly likely that tooth resection by
means of clipping or grinding causes pain to the animal (Hay et al., 2004).
Animal identification through ear notching or tagging, tattooing or microchip
implantation may also be applied during piglet processing. The ear notching procedure involves
removing tags of flesh from the ears in a characteristic pattern, which allows for on-farm
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identification of individual animals. A primary criticism of ear notching is the difficulty in
―reading‖ the notches (Stark et al., 1998), while plastic identification tags and tattoos may
become illegible due to fading. In addition, ear tags may be chewed off by penmates or cause
local irritation and infection (Stark et al., 1998). The use of subcutaneous microchip implantation
has also been examined (Janssens et al., 1995). Though such devices would allow for enhanced
animal monitoring capabilities, the problems of infection or irritation at the implant site, implant
toxicity and loss, and recovery at slaughter need to be addressed before they are widely used
(Janssens et al., 1995).

2.3.1 Pain and distress in piglets undergoing processing
The determination of an affective state, such as pain, is often controversial in non-human
species (Anil et al., 2005). For this reason, the assessment of pain in animals often employs one
of three approaches: measures of general functioning such as feed intake or weight gain,
measures of physiological responses such as salivary cortisol concentrations, and ethological
measures such as defensive behaviour (Weary et al., 2006).
With regard to the surgical modification of conscious piglets, behavioural measures of
vocalizations and postural changes have shown to be particularly useful. In a series of studies
beginning in 1995, Weary validated piglet vocalizations as a welfare indicator by displaying that
―variation in call reflected variation in animal state‖ (Weary and Fraser, 1995; Weary et al.,
1996; Weary et al., 1997). This was determined through sonogram analyses of vocalizations
from piglets in varying degrees of stress, as well as sow responses to audio playbacks of those
vocalizations (Weary and Fraser, 1995; Weary et al., 1996; Weary et al., 1997). In their 1995
study, Weary and Fraser found that non-thriving/non-sated isolated pigs tended to call more, had
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longer and higher-frequency calls (>1000 Hz), and calls that rose more in frequency when
compared to thriving/sated conspecifics. Vocalizations were found to be of higher frequency
(>1000 Hz) when piglets were undergoing painful surgical modifications such as castration
(White et al., 1995; Weary et al., 1998; Taylor et al., 2001) or tail docking and ear notching
(Torrey et al., 2009) and since high pitched calls can be attenuated by anesthesia or analgesia
they are believed to be specific to a painful state (White et al., 1995; Marx et al., 2003).
Behavioural observations are also used to evaluate piglets‘ reaction to processing.
Presumably due to pain and discomfort, piglets exhibit immediate postural changes reflective of
the body area modified. Noonan et al. (1993) observed tail docked pigs to display increased tail
wagging, teeth clipped piglets to display increased teeth champing, and ear notched pigs to
display increased head shaking. Torrey et al. (2009) reported that tail docked and ear notched
piglets jammed their tails between their legs and trembled at higher frequencies, respectively,
than non-processed counterparts. Similarly, Sutherland et al. (2008) documented increased
sitting and posterior scooting in piglets following tail docking, and Hay et al. (2003) reported
increased rump scratching in new castrates. Less specific behaviours for processed piglets
include decreased general activity (Taylor et al., 2001; Carroll et al., 2006), decreased time lying
(Taylor et al., 2001), and increased time trembling (Torrey et al., 2009).

2.3.2 Effect of piglet age on behavioural and physiological responses
Historically, it has been assumed that neonates have a reduced capacity for pain
perception. However, scientific evidence has shown that the sensory systems of the suid neonate
are fully functional (Nowak et al., 2000). When the vocalizations and behaviour of 1- or 3-day
old piglets undergoing tail docking and ear notching were analyzed to determine the painfulness
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of the procedures, no differences could be detected (Torrey et al., 2009). Similar results were
seen in a 2001 study by Taylor and colleagues in which the painfulness of castration was
compared among 3-, 10- and 17-day old piglets. However, there was evidence that handling
evoked a greater stress response from the older piglets (Taylor et al., 2001). In contrast, White et
al. (1995) concluded from heart rate measures and vocalization analyses that castration appears
more painful for piglets over the age of 8 days, although the effect of handling was not teased out
in the study.
From a physiological perspective, the impact of painful procedures on growth rates may
vary according to the age of the piglets. McGlone et al. (1993) and Hay et al. (2003) found that
piglets castrated at a very young age (1-3 days of age) displayed growth depression, whereas
there was no weight gain deficit in piglets castrated at an older age. Kober and Thacker (1999)
found that piglets processed at 1-day of age had reduced preweaning mortality and a heavier 21day average body weight compared to those processed at 2-days of age. However, a more recent
study by Torrey et al. (2009), found no differences in mortality or weight gain between piglets
processed at either 1- or 3-days of age.

2.3.3 Effect on colostrum intake and suckling
With the duration of specific pain-related behaviour found to persist for 3 days and the
tendency for processed piglets to be more isolated and desynchronized than unaltered littermates
(Hay et al., 2003; Llamas Moya et al., 2008), the potential impact of processing on nursing
behaviour must be considered. In a 1993 study by McGlone and colleagues, castrated piglets
missed more nursing bouts and suckled for decreased periods for 6 hours post-procedure in
comparison with controls. Other studies have reported no differences in the suckling behaviour
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between surgically modified piglets and unaltered or control piglets (Noonan et al., 1994; Carroll
et al., 1996; Torrey et al., 2009). While the brevity of the observation periods may not have
allowed for differences in suckling behaviour to be detected (Noonan et al., 1994; Carroll et al.,
1996), one explanation could be the analgesic and calming effects associated with suckling
(Blass, 1994; Blass et al., 1995; Blass and Watt, 1999; Anseloni et al., 2004), or the nature of the
surgery being performed. Self-medication may occur as distressed piglets reduce nociception and
stress levels through nutritive and/or non-nutritive suckling. Orogustatory and orotactile
stimulation, two separate components of suckling, have been identified to decrease pain and
stress responses in neonatal humans and rodents (Blass, 1994; Blass et al., 1995; Blass and Watt,
1999; Anseloni et al., 2004). The orogustatory element is activated by the detection of milk
components, specifically sucrose and fat, by taste receptors (Blass, 1994; Blass and Watt, 1999;
Anseloni et al., 2004). The analgesic effects of orogustatory stimulation are opioid-mediated and
persist for several minutes beyond ingestion (Blass, 1994; Blass and Watt, 1999; Anseloni et al.,
2004). In contrast, the opioid-independent analgesic effects of orotactile stimulation occur only
during suckling (Blass et al., 1995; Blass and Watt, 1999).

2.3.4 Current codes of practice for piglet processing age
With a limited number of studies having examined the optimum age at which to
surgically modify piglets, the recommendations of many codes of practice lack empirical
justification. Furthermore, since no distinction is made for low-birth-weight piglets, producers
are often unsure of when to process these compromised animals.
Current Canadian Codes of Practice recommend performing tooth trimming and tail
docking within 24 hours and castration within 2 weeks of birth (CARC, 1993), though no
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scientific reasoning was provided for these time periods. While an addendum to the Codes of
Practice discusses oral administration of colostrum to piglets ―at risk because of size‖ (CARC,
2003), neither publication provides guidelines on when to process these weaker animals.
Regulations in the United Kingdom, while not making mention of low-birth-weight pigs, do
require veterinary surgeons to perform all castration and tail docking procedures carried out later
than 7 days post-partum (DEFRA, 2003). Additionally, codes of practice in the United Kingdom
place emphasis on the ambiguity of the necessity of such procedures (DEFRA, 2003).
Australia‘s New South Wales, though providing detailed instructions on the supportive care of
low-viability neonatal piglets, excludes their mention with regards to processing (NSW DPI,
2006). Interestingly, NSW DPI (2006) cautions against castrating at less than 2 days post-partum
while teat order is being established, but encourages tail docking to be performed within 24-48
hours of birth (NSW DPI, 2006).

2.3.5 Current codes of practice and legislation for tail docking
In Canada and Australia, voluntary codes of practice recommend to avoid tail docking
where possible (CARC, 1993; PISC 2008). Further, the Australian Code of Practice advises
producers to review husbandry practices and the pigs‘ environment for potential causes of tailbiting (PISC, 2008). Regulations of the New South Wales Department of Primary Industries
state that elective procedures such as tail docking are permitted, but must be carried out by a
―suitably qualified person‖ (Burton, 2009). The EU Directive mandates that tail docking be
carried out only when injuries to other pigs have occurred, and measures have already been taken
to correct ―inadequate environmental conditions or management systems‖ (Commission
Directive, 2001). Tail docking, therefore, is not to be considered a routine practice in any of the
EU countries. Interestingly, a 1999 tail-biting study by Hunter and colleagues involving
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approximately 63,000 pigs at 6 U.K. slaughter plants reported the prevalence of docked tails to
be 80.9%. Further to the EU Directive, countries such as Sweden have legislated a complete ban
on tail docking, as it is not considered a medically-necessary surgical procedure (Ministry of
Agriculture, 2009). It should be noted that the use of straw (or other similar enrichment device)
is commonplace in many European facilities, which may reduce the need for tail docking. Tail
docking is still considered a routine practice in North American pig production.
Recommendations for the optimal length at which to dock vary widely, as the effects of docked
tail length have not been fully established in the literature. In Canada, the CARC (1993)
recommends removing the last third of the tail, although anecdotal reports exist of producers
who routinely dock the tail as close to the body as possible. In a study of 92 commercial pig
farms in England, Moinard et al. (2003) found the largest percentage of producers (50%) docked
half of the tail, an equal percentage (16.3%) docked either one or three quarters of the tail, while
17.4% of producers left the tails undocked. Results from a survey study in Germany showed that
7.2% of the producers who routinely tail dock report leaving 1.5 cm (or less) of tail remaining
(Hunter et al., 2001).

2.4 Tail-biting
2.4.1 The Prevalence of Tail-biting
Tail-biting is recognized as a major welfare problem in the swine industry. The multifactorial and often sporadic nature of this maladaptive behaviour results in varying on-farm
prevalence. Even within a farm, pens of pigs may range from unaffected to severely impacted by
tail-biting lesions. Producers in the UK have estimated the average annual occurrence of tailbitten pigs on their farms to be 2.5 ± 0.5% with a median value of 1.2%, albeit reported with a
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low perceived level of confidence (Moinard et al., 2003). In one study on a commercial farm, the
prevalence of tail-bitten pigs between adjacent barns was reported to be 13.5% and 19.4%, and a
within-pen prevalence ranging from 0% to 66.7% (Kritas and Morrison, 2004), while another
study examining tail-biting on 60 Belgian farms found the number of pens affected by mild,
moderate or severe tail damage was 8.3%, 2.7%, and 3.3%, respectively (Smulders et al., 2008).
Data recorded at slaughter showed the level of affectedness for pigs with docked and intact tails
to be 3.1% and 9.2% (Hunter et al., 1999). Therefore, the actual prevalence of tail-biting, the
number of affected animals and the severity of lesions are difficult to quantify for the industry
due to variability in both the occurrence and intensity of the behaviour. In addition, data may be
inaccurately estimated due to self-reporting (Moinard et al., 2003), and differences in classifying
tail lesions (Kritas and Morrison, 2004; Smulders et al., 2008). The stage of production may also
affect results, since data collected in the finishing period or at time of slaughter does not account
for early culling of severely-affected pigs. However, even when tail-biting occurs at low levels,
the potential for suffering warrants scientific investigation to elucidate the behaviour.

2.4.2 The cost of tail-biting
Tail-biting is a costly and welfare-reducing behaviour in modern pork production. In a
1999 study by Hunter and colleagues, tail-biting was associated with higher levels of both ear
and general carcass damage. This relationship was strongest in docked pigs, despite the
increased incidence of tail-biting lesions in undocked pigs, and the decreased incidence of
blemished carcasses in docked pigs. Additionally, the proportion of lung abscesses and/or
pleuritic lesions may be 2.4 times greater in carcasses having severely bitten tails (Kritas and
Morrison, 2007). When a range of tail lesion severities are considered, there remains a
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significant association among tail-biting, arthritis and osteomyelitis, pathological conditions
identified as main factors in carcass condemnation (Martinez et al., 2007). Even if the carcass of
a tail-bitten pig is not condemned, Kritas and Morrison (2007) determined the likelihood of
carcass trimming for mildly and severely tail-bitten pigs to be 1.56 and 3.12 times higher than for
unbitten pigs. The relationship between tail damage and carcass condemnation is established; a
2004 study by Valros et al. found that tail damage of any type significantly increased the risk of
carcass condemnation: 52% of all pigs with partial or complete condemnation also had some
form of tail damage. Of the 1.3% of pigs characterized as severely tail-bitten in the
aforementioned study, 26.8% were condemned. If these values are a true reflection of the current
tail-biting situation in Canada, it equates to the condemnation of over 1,520 carcasses of the
approximate 436,538 hogs slaughtered each week (Anon., 2011). At a current value of $197.28
per market-weight hog (Anon., 2011), Canadian producers lose an estimated $300,000 per week
as a direct result of tail-biting. However, since values reported for do not account for on-farm
labour, feed expenses, morbidity, mortality, and early culling, the actual price of tail-biting is
likely to be far more costly.

2.4.3 Behavioural hypotheses
Currently, four ethological postulates exist for tail-biting. The first three, as summarized
by Schroder-Peterson and Simonsen (2001) assume that all forms of tail-biting, ranging from
tail-in-mouth behaviour to cannibalism, are driven by an identical motivation. These hypotheses
are: social learning is responsible for the spread of tail-biting (Blackshaw, 1981); tail-biting is a
normally mild behaviour directed to conspecifics‘ tails, but occurs with increasing intensity and
insult when pigs are housed inappropriately (Newberry and Wood-Gush, 1988); and lastly, that
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tail-biting is a normal investigative behaviour pattern that becomes misdirected to conspecifics‘
tails in the absence of environmental stimuli (Van Putten and Dammers, 1976; Feddes et al.,
1993). The fourth hypothesis, proposed by Taylor et al. (2010), separates tail-biting behaviour
into 3 categories: ―two stage‖; ―sudden forceful‖; and ―obsessive‖, each having a separate
motivational basis.
After thorough review of the literature, it is apparent that the motivational bases for tailbiting behaviour are largely speculative, and that tail-biting behaviour remains poorly
understood. However, it can be agreed upon that tail-biting represents a significant welfare
problem and warrants further investigation.

2.4.4 The role of ontogeny
It is known that early rearing environment can affect behavioural development, and in
turn, behavioural responses in later life (Li and Wang, 2011). It has been theorized that pigs
reared in barren environments (standard farrowing crates) develop ―deviant agonistic social
behaviour‖ directed toward other pigs‘ hindquarters (Lammers and Schouten, 1985) due to
aberrant social skills (De Jonge et al., 1996). De Jonge et al. (1996) found that pigs reared in a
barren environment (standard farrowing crates) versus an enriched (pasture-based) environment
interacted more aggressively to conspecifics and developed clinical signs indicative of chronic
social stress including delayed onset of puberty, decreased daily weight gain, and increased basal
and post-restraint cortisol levels. Similarly, Li and Wang (2011) found that pigs reared in
standard confinement systems showed an increased frequency and duration of fighting at mixing
compared to piglets from group farrowing systems. With regard to tail-biting, Day et al. (2002)
found that providing varying levels of straw to pigs at 10 weeks of age resulted in more straw-
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directed behaviour (rooting, ploughing) and less time performing conspecific-directed and
agonistic behaviour (nosing, licking, or biting other pigs, ear chewing, acts of aggression, play
fighting and tail-biting). In contrast, pigs naive to straw performed increased levels of tail-biting
for 3 weeks following the transition in housing. At 16 weeks of age, the same group of pigs
displayed another spike in tail-biting which coincided with a change in diet (Day et al., 2002),
which suggests that tail-biting may have occurred as reaction to a stressor. When Beattie et al.
(1996) examined the effects of enrichment and pen size on the behaviour of weaned pigs, they
found that regardless of space allowance, a barren post-weaning environment evoked the greatest
degree of tail-biting.

2.4.5 Management of tail-biting on-farm
Once tail-biting occurs it is very difficult to curb and the behaviour represents a
significant welfare concern. Practical management solutions are required to ameliorate the
situation as rapidly as possible. Though a wide body of literature exists for behavioural
mechanisms and environmental factors precipitating outbreaks, specific knowledge of treatment
protocols are more limited. For this reason, management solutions and treatments for tail-bitten
pigs may vary between farms or lack scientific rationale.
From survey data of 450 U.K. farms, the most common management response (67%) to a
tail-biting situation is to remove the bitten pig, while just over half of producers place enrichment
or novel objects in the affected pens and 43% of producers remove ―the biter‖ (Hunter et al.,
2001). Smulders et al. (2008) found that removal of the ―biter‖ and provision of straw (10
g/pig/day) twice daily were equally effective in ameliorating tail-biting, albeit only temporarily.
It was speculated that the most effective means of curbing tail-biting includes removal of the
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biter(s) and the bitten pig(s), as well as straw provision. These management suggestions,
however, are often not feasible or desirable in production settings. Identification of ―the biter‖ is
very difficult; alternate pen space is limited to optimize financial return; mixing of pigs results in
agonistic interactions; and liquid manure systems preclude substrate provision.
One ―treatment‖ for tail-biting lesions is the application of an aversive substance to the
bitten stump, such as Stockholm (pine) tar or Dippel‘s (animal bone) oil. This technique is
reportedly used on 25% of surveyed U.K. farms (Hunter et al., 2001). Though its effectiveness
has not been studied in outbreaks or following application on live pigs, Bracke (2009)
documented pigs‘ decreased oral manipulation of tail models that had been dipped in these
substances.
The procedure of tail ―re-docking‖ has also been reported anecdotally as a ―treatment‖
for tail-bitten pigs. When a pig is deemed to require this procedure, a rubber ring (such as those
typically used for castration and tail docking in calves and lambs) is placed proximal to tail
lesions or as close to the body as possible. Within a short period of time, the tail length is
reduced due to ischemic injury and tissue atrophy. The effects of this practice have not been
examined scientifically.
Antibiotic injections are routinely administered for tail-bitten pigs on 6% of surveyed
farms, and an equal number report reducing the stocking density in affected pens (Hunter et al.,
2001).

2.4.6 Prophylactic tail docking
Though tail docking has been a standard practice for the past 30 years, its role in reducing
tail-biting behaviour and lesion severity is not fully understood. It has been theorized that the tuft
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of hair on undocked tails may entice pigs to bite (Simonsen et al., 1991), and that tail posture and
motion may be implicated in biting behaviour (McGlone et al., 1990). Increased incidence of
―tucked‖ tail posture (tail clamped between buttocks/hind legs) may indicate that tail-in-mouth
behaviour (also referred to as the ―pre-injury‖ stage) is occurring, so pigs are attempting to make
their tails less accessible to pen mates (McGlone et al., 1990; Statham et al., 2009; Zonderland et
al., 2009). It is therefore unsurprising that tucked tail posture precedes ―outbreaks‖ of tail
damage due to biting (McGlone et al., 1990; Statham et al., 2009; Zonderland et al., 2009).
Given that McGlone et al. (1990) successfully induced tail-biting in pigs with intact tails but not
with docked tails, it is plausible that reduced tail length affords greater protection. It has also
been theorized that neural damage and scar tissue subsequent to docking increase tail sensitivity
and as such, the recipient of tail-biting behaviour may be more likely to react by moving away,
thereby reducing damage to the tail (Schroder-Petersen and Simonsen, 2001). Support for this
hypothesis came from Simonsen et al. (1990) with histopathological evidence of irregular
peripheral nerve changes and cases of traumatic neuroma in the docked tail stumps of pigs,
though the findings were not conclusive evidence of hyperalgesia.

2.4.7 The effect of tail length
Despite the acute distress and potential chronic effects of tail docking, it is perceived by
producers to be the most effective method of preventing tail-biting (Paul et al., 2007) and was
reported to be ―the most important factor influencing the probability of being not bitten‖ (Hunter
et al., 2001). In data collected from nearly 28,000 pigs from 450 farms, tail-biting levels were
1.2% and 4.3% for docked and long-tailed (undocked or ―tipped‖) pigs, respectively (Hunter et
al., 2001). There is also evidence to suggest that the risk of tail-biting is reduced only when a

24

large proportion of the tail has been removed. When Simonsen (1995) observed pigs with either
intact tails or a third of the tail docked, there was no difference in the incidence of tail-biting.
Similarly, Thodberg et al. (2010) reported a reduction in tail-biting lesions when tails were
docked to one-quarter the original length; pigs with half or three-quarters the original length
remaining showed lesions comparable to pigs with intact tails. However, Kritas and Morrison
(2004) found no clear association between severity of tail-biting lesions and tail length (range: 59.5 cm). This may have been due to the marked level of tail-biting observed in the study (9.7%
of the pigs were classified as ―severe‖: swollen, infected tail lesions; partial or complete loss of
tail), or merely evidence of the highly variable nature of tail-biting.

2.4.8 The effect of docked tail length on rectal prolapses
Aside from the intended effects on tail-biting behaviour, the length of the docked tail may
otherwise affect the physiology of the pig. Studies in lambs showed that when tails were docked
as close to the body as possible, rectal prolapses were significantly more likely to occur (Thomas
et al., 2003) due to compromised innervation of the anal sphincter and perianal muscles
(Anderson and Miesner, 2008). Prolapse of the rectum is a recognized problem in swine barns,
with the annual incidence in one finishing herd reported to range from 0.7%-4.7% over a seven
year period (Garden, 1988). While increased abdominal pressure, whether a result of straining
(i.e. constipation, coughing) or the external environment (i.e. pigs piling, excessive floor slope)
is known to contribute to prolapses (Smith and Straw, 2006), it is unknown if, as with lambs, tail
dock length influences the problem. Given the routine use of tail docking and occurrence of
rectal prolapses in swine barns, the topic warrants further investigation.
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2.4.9 The effect of density and space allowance
Floor space allowance in commercial pig barns has been expressed using a space
coefficient (k) derived from the allometric equation Area (m2) = k X BW.667, where area is in
meters squared and body weight, BW, is in kilograms. However, the value for k, and therefore
the minimum recommended space per pig, varies in the literature. Canadian Codes of Practice
recommend that a minimum of k= 0.035 be used for pigs housed on fully slatted floors, and k =
0.045 for pigs on solid bedding (CARC, 1993). A k value of 0.0974 has also been proposed,
which determines minimum space allowance based on 50% of the animal‘s surface area (Hurnik
and Lewis, 1991). The authors argue that since animals are three dimensional, the floor area
occupied is always less than 50% of its total body surface, which may be calculated by Area (m2)
= ½[0.0974 x (Wt).633] where Wt = body weight (kg). This allows for basic static postures
(standing, sternal, and lateral recumbency), and greater space per unit weight to younger, more
mobile animals. Given the impact of high stocking density on growth performance (Spicer and
Aherne, 1987; Brumm et al., 2001), Gonyou et al. (2006) identified the critical value, or point at
which production begins to decline due to space restriction, at k = 0.034. Since insults to animal
welfare usually precedes adverse effects on herd production and profitability (Hurnik and Lewis,
1991), the provision of space greater than (0.034 x BW.667) per pig is a necessary component for
animal well-being. The consequences of housing pigs at high stocking densities have long been
recognized, especially with regard to tail-biting behaviour. In a producer-opinion survey,
―reducing stocking density‖ was ranked as the second most important method to prevent tailbiting behaviour (Paul et al., 2007). Studies examining the effects of stocking density in growerfinisher swine have found that as pigs become more crowded, the quantity and intensity of
agonistic interactions and tail-biting behaviour increased (Ewbank and Bryant, 1972; Krider et
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al., 1975). In an epidemiological study of management factors associated with tail-biting,
Moinard et al. (2003) reported that when pens are stocked at 110 kg/m2 (equal to k = 0.0435) or
more in the grower-finisher period, tail-biting is more likely to occur (odds ratio = 2.7). In
contrast, Kritas and Morrison (2004) reported no association between stocking density and tailbiting in their observational study. However, the authors admit a prevalence of bitten tails six
times higher than that reported in previous work (Hunter et al., 1999; 2001). To date, the effects
of space allowance on behaviour have primarily been investigated during the grower-finisher
period and do not factor in potential behavioural effects of the early rearing environment. In one
of the few studies examining the effects of ―group size/stocking density‖ on nursery pigs, Spicer
and Aherne (1987) found no difference in general biting behaviour between treatments.
However, since group size was confounded with space allowance, behavioural comparisons
between stocking densities are of limited scientific value. Additionally, data were collected for
only one month post-weaning.
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CHAPTER 3: THESIS OBJECTIVES

The aim of this thesis was to investigate the influence of routine surgical procedures and
management factors on the behaviour and performance of pigs. Genetic selection for fecundity
has resulted in large litters of small piglets displaying poor survivability. Though it has been
shown that low-birth-weight piglet mortality may be reduced with supplemental care, no
information exists on how to manage these compromised pigs with regard to routine surgical
procedures. The objective of the first experiment was to determine if tail-docking and ear
notching low-birth-weight piglets at 24 hours post-partum versus 3 days of age would affect
suckling behaviour, the passive transfer of immunoglobulins, pain-related behaviour and growth.
Tail-docking is routinely performed in North America to reduce tail-biting behaviour in pigs.
Producer survey data have indicated that tail length and nursery stocking density are considered
important factors in the reduction of tail-biting behaviour. However, studies on optimal tail
length have produced varied results, and none to date have investigated the role of nursery
stocking density. Therefore, the objective of the second experiment was to assess the effects of
docked tail length and nursery stocking density on tail-biting behaviour, skin lesions, rectal
prolapses and growth.
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CHAPTER 4: THE EFFECT OF BIRTH WEIGHT AND AGE ON THE BEHAVIOURAL
AND PHYSIOLOGICAL RESPONSES OF PIGLETS TO
TAIL DOCKING AND EAR NOTCHING1

4.1 Abstract
Selection for high prolificacy has resulted in litters comprised of a large number of lowbirth-weight (LBW) piglets (piglets weighing 1 kg or less). Given their presence in over 75% of
litters, and increased mortality rate, it is clear that a greater understanding of LBW piglet
management is required for both animal welfare and productivity. The objective of this
experiment was to compare the effects of tail docking and ear notching LBW and average-birthweight (ABW) piglets during the first 24 h versus at 3-d of age on suckling, the passive transfer
of immunoglobulins, pain-related behaviour and growth. Six piglets per litter from 20 litters
(n=120 piglets) were used in a 2 x 2 complete block design. Piglets were weighed at birth and
designated as low-birth-weight (0.6 –1.0 kg; LBW) or average-birth-weight (≥1.2 kg; ABW),
and processed (tail docked, ear notched) at either 1- or 3-d of age. Vocalizations were recorded
during the procedures. The acute behavioural responses to processing were observed for 10 min
post-procedure. Piglets were observed for 6 h after birth and post-treatment to determine their
presence at nursing bouts and proximity to conspecifics. On d 5, blood samples were collected
via periorbital sinus to determine concentrations of serum immunoglobulins (IgA, IgG), and
IGF-I. Piglet weights were recorded at birth and at d 5, 14, and 21. Mortalities were recorded
through to weaning (at 22 ± 2 d). During the procedures, LBW piglets produced fewer calls than
ABW (P=0.03). Piglets from either birth weight produced a similar number (calls/s) of high1

A paper based on this chapter will be submitted as “Bovey, K.E., T.M. Widowski, C.E. Dewey, N. Devillers, C.
Farmer, M. Lessard and S. Torrey. The effect of birth weight and age on the behavioural and physiological
responses of piglets to tail docking and ear notching” to Journal of Animal Science.
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frequency calls (≥ 1000 Hz ) indicative of pain and distress (P=0.29), though the average
frequency (Hz) of these calls was highest for ABW piglets processed on d 3 (P = 0.05).
Immediately following the procedures, LBW piglets spent more time dog-sitting (P=0.005) and
less time lying (P=0.005) than ABW piglets, though these differences may have been due to the
attempts of the LBW piglets to avoid being stepped on by the ABW piglets in the restricted
space of test area. No differences were seen in the proportion of time either weight class spent
standing (P=0.29), holding their tails normally (P=0.71) or jammed between the hind legs
(P=0.84). When observed with the sow, LBW males spent the greatest amount of time alone
(P=0.001), and had the lowest attendance at nursing bouts (P=0.007) compared to LBW females
and ABW males and females. Concentrations of serum IgA, IgG and plasma IGF-I were lower
(P=0.06, 0.04, 0.003, respectively) for LBW piglets compared to ABW piglets regardless of age
of processing, although the magnitude of these differences are likely not of biological
significance. Vocalization data suggests that ABW piglets may be less reactive to the procedures
on d 1. Given the decreased likelihood of a LBW piglet surviving to weaning (P=0.001), and that
LBW piglet weaning weight was significantly lighter than that of an ABW piglet (P<0.0001),
delaying processing for LBW piglets may be the most humane option.
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4.2. INTRODUCTION
Modern genetic lines of swine have favoured maternal fecundity. In 2006, model herds in
France averaged over 13 live born piglets per litter, with 15% of litters having over 16 live born
piglets (Martineau, 2009). Since 2001, the average litter size has increased by 0.1 piglets per year
(Martineau, 2009). However, with the increase in litter sizes, total litter weights have not
increased proportionally. When litter size increases from less than 10 to over 15 piglets, average
birth weight is reduced by 500 g (Boulot et al., 2008). As a consequence, the percentage of lowbirth-weight (LBW) piglets (≤ 1.0 kg) increases from 3 to 15% (Boulot et al., 2008). The
resultant litter is comprised of a greater number of low-viability piglets, for which a meagre 28%
survival rate can be expected for the first week of life (Marchant Forde et al., 2008). Though
labour-intensive, intervention techniques including the drying and warming of recently-farrowed
piglets and supplemental food provision (Dewey et al., 2008) has been shown to increase the
survival rate of LBW piglets. However, considering the normally precocial nature of neonatal
piglets, producers may be unfamiliar or unsure of optimal management protocols for those
compromised by low-birth-weight, especially with regard to routine surgical procedures, or
―processing‖.
On the majority of North American farms, surgical procedures including tail-docking and
castration are routinely performed within the first 3 d of life. This coincides with a critical period
for piglet survival, when colostrum is available and normal suckling behaviour is established
(Fraser, 1980; Lewis and Hurnik, 1985; Rooke and Bland, 2002). The impact of processing and
castrating average-birth-weight (ABW) piglets during this period may include pain for up to 3 d
post-procedure (Hay et al., 2003), isolated behaviour (Moya et al., 2008), and suckling for
decreased periods with missing more nursing bouts (McGlone et al., 1993) compared to controls,
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although not always. However, the effects of routine procedures on suckling and milk intake
have not been studied for the more vulnerable LBW piglets. Therefore, the objective of this
experiment was to compare the effects of tail docking and ear notching LBW and ABW piglets
during the first 24 h of life versus at 3 d of age on suckling, the passive transfer of
immunoglobulins, pain-related behaviour and growth.

4.3.

MATERIALS AND METHODS
This experiment took place between May and August 2009 at a commercial farrowing

facility located near Guelph, Ontario, Canada. All procedures in this study were approved by the
University of Guelph Animal Care Committee in accordance with guidelines outlined by the
Canadian Council on Animal Care.

4.3.1. Experimental Design
One-hundred-twenty Yorkshire x Landrace x Duroc piglets from 20 naturally-farrowed
litters (6 piglets per litter) were used in a 2 x 2 complete block design with each litter comprising
a complete block. Piglets were weighed at birth, individually identified and assessed visually for
viability (normal conformation, vigour, and co-ordination). Piglets were assigned to 1 of 2
weight classifications: 1) low-birth-weight (LBW) 0.6-1.0 kg (n=40 piglets); 2) average-birthweight (ABW) ≥1.2 kg (n=80 piglets); and 1 of 2 processing treatment days: 1) d 1 (16.1 ± 1.1 h
after birth); 2) d 3 (63.9 ± 1.1 h after birth). Piglets weighing between 1.0-1.2 kg were excluded
from the trial to allow for a clear delineation between piglets of low- or average-birth-weight.
Immediately after their birth and before suckling, piglets were dried (Scott Shop Towels,
Kimberly-Clark, Boswell, GA), temporarily numbered by birth order (RAIDL Maxi Animal
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Marking Crayon, Germany) and placed in plastic containers measuring 61 L x 40.6 W x 31.8 H
cm (Rubbermaid, Mississauga, ON) containing hot water bottles and absorbent pads (Extra
Thick Training Pads, OUT! International Inc., Dallas, TX) that were placed in the farrowing
crate. A colostrum sample was collected from at least 2 unsuckled teats of each sow. Once the 6
experimental pigs were determined, each was individually identified with numbers hair dyed
onto their backs (Herbal Essences Sapphire Black hair dye, Stamford, CT). At this time, all
piglets were returned to the sow, in close proximity to the udder, to permit all to begin suckling
simultaneously. Time 0 was defined as when all experimental piglets were placed on the udder
simultaneously. Only litters that had 6 viable piglets (including 2 LBW piglets) born within 4 h
before time 0 were included in the experiment.
When experimental piglet mortality occurred prior to treatment application, a natural
littermate (whose birth weight could be ascertained through the birth order number on its back)
was substituted. Cause of death was recorded. A sub-sample of piglets (n=53; 30 ABW; 23 LBW
piglets) from 13 sows were selected at random for anthropometric measurements. Crown
circumference was determined by placing a soft, flexible measuring tape around the piglet‘s
cranium so that it was level with the medial canthus, passed medial to the ear pinna and
terminated at the level of the occiput. For determination of crown-to-rump, a measuring tape was
positioned level with the medial canthus and run along the length of the spine to the base of the
tail.
For litters with supernumerary piglets, split-suckling was performed at the first nursing
bout for a minimum of 15 minutes, with experimental pigs placed at the udder first. The entire
litter was left on the sow until the time of first processing, at which time excess piglets were
fostered off to allow for a standardized litter size of 12 piglets. Due to foster sow availability,
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one experimental sow litter was kept at 16 pigs until d 4. All piglets received a 1 mL injection of
gleptoferron iron (200mg/mL) IM in the right neck muscle (Gleptosil, Alstoe Ltd. Animal
Health, Yorkshire, England, distributed by Champion Alstoe Animal Health Inc. Whitby, ON)
on d 5. There were 56 gilts and 64 boars used in the experiment (LBW: 20 gilts, 20 boars;
ABW: 36 gilts, 44 boars). Boar piglets were castrated on d 14. Mortalities were recorded
through to weaning at 22 ± 2 d. Piglet health was monitored closely on a daily basis. Euthanasia
was performed where injury or debilitation prevented locomotion and/or nursing bout attendance
and recovery was not likely.
Prior to processing, 3 piglets were removed from the farrowing crate and moved in a
plastic container measuring 81.3 W x 51.4 W x 42.2 H cm (Rubbermaid, Hinged Storage Box,
Mississauga, ON) with a heat lamp to the hallway. One piglet at a time was brought into a
separate room, with the door closed to minimize noise disturbance. The order of treatment was
alternated between litters of piglets and ages within litters. Tail docking and ear notching of
piglets was performed by a trained handler without the use of anaesthesia or analgesia as per
normal on-farm practice. Piglets were held against the hip of the handler for ear notching. Each
piglet received one notch in the middle of the base of the right ear using standard stainless steel
ear notchers (Kane Veterinary Supplies Ltd., Cambridge, ON). Piglets were then held up by the
left hind leg for tail docking. Side-cutter pliers (CDMV, St. Hyacinthe, QC) were used for tail
docking, and tails were docked to one-third the original length. Piglets were handled for 31.5 ±
0.66 s.
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4.3.2. Vocalizations and behaviour
During the procedures, piglet vocalizations were recorded using a digital camcorder
(Panasonic HCD-HS9 High definition video camera, Matsushita Electric Industrial Co. Ltd.,
Osaka, Japan) and the audio files extracted using VLC media player 1.0.2 (VideoLAN).
Vocalizations were analyzed using Raven Pro 1.2.2 (Cornell Lab of Ornithology, Ithaca, NY), a
sound analysis software program. The frequency (Hz) of each vocalization was determined as
the frequency with the greatest energy (amplitude). The sound files from 2 ABW piglets
processed on d 1 contained interfering sound and were therefore omitted from analyses.
To quantify the acute behavioural effects of processing, piglets were video recorded
using the camcorder mentioned above while the piglets were still in the plastic container.
Observations were made using scan sampling every 20 s for 10 min following the procedure and
expressed as a percentage of the behavioural observation category (general-, head specific-, or
tail specific-behaviour) for the period (Table 4.1; Lehner, 1996).
Piglet behaviour while suckling was video-recorded (Panasonic HDC-HS9 Highdefinition video cameras, Matsushita Electric Industrial Co. Ltd., Osaka, Japan; Digital video
recorder PL12016-00-00, i3DVR International Inc., Scarborough, Canada) after they were
returned to the farrowing crate on a sub-sample of litters (n=14) for an initial 6 h period at 5.0 ±
0.8 h after time 0 and immediately post-treatment on either d 1 or 3. Observations were made on
all 6 experimental piglets for the initial video-recording period, then on the 3 piglets processed
on subsequent treatment days. During nursing bouts (defined as when ≥50% of piglets are active
at the udder), piglets were observed at 10 s intervals for their presence at the udder, and at 1 min
intervals for their proximity to conspecifics when no nursing bout was occurring.

35

4.3.3. Growth and Immune Measures
Piglets were weighed using a digital scale precise to 0.1 kg (DYMO 4010, Pelouze Scale
Company, Bridgeview, IL) at birth, d 5, d 14 and at weaning (22 ± 2 d). Blood was collected
from each piglet via periorbital sinus puncture in the early afternoon of d 5 using an 18-gauge by
1‖ needle (Becton, Dickinson, and Company, Franklin Lakes, NJ). Five mL of blood was
collected for analyses of IgA and IgG using a vacutainer without additive (Becton, Dickinson
and Company, Franklin Lakes, NJ), and an additional 5 mL of blood was collected using an
EDTA vacutainer (Becton, Dickinson and Company, Franklin Lakes, NJ) (and inverted
immediately to prevent coagulation) to determine levels of IGF-I. Each IGF-I sample was
centrifuged within 20 min of collection at 3000 x g for 12 min, then the plasma pipetted into a 5
mL polypropylene tube (Fisherbrand, Fisher Scientific, Markham, ON) and stored at -20˚C until
analyzed. Each IgA and IgG sample (in a vacutainer without additive) was refrigerated at 4˚C
for 24 h, then centrifuged at 3000 x g for 12 min, pipetted into 2, 1.5 mL snap-cap
microcentrifuge tubes (Fisherbrand, Fisher Scientific, Markham, ON) for later analyses and
frozen at -20˚C.
Colostrum samples were collected into 128 mL disposable specimen containers
(Fisherbrand, Fisher Scientific, Markham, ON) from a minimum of two unsuckled teats of each
sow during farrowing. Each sample was grossly filtered through unfolded gauze and stirred on a
magnetic plate at 400 RPM for 10 min and placed in 2, 20 mL polypropylene centrifuge tubes
(Fisherbrand, Fisher Scientific, Markham, ON) for later analyses and frozen at -20˚C.
Lactoserum was obtained from colostrum after 2 60-min centrifugations at 50000 x g at 4˚C.
Concentrations of IGF-I were measured with a commercial kit for humans (Alpco 26-G, Salem,
NH, USA) with small modifications as detailed previously (Plante et al., 2011). Validation for a
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serum pool from lactating sows was demonstrated. Parallelism was 101.2% and average mass
recovery was 101.3%. Sensitivity of the assay was 0.10 ng mL-1. The intra- and interassay CV
were 2.11 and 8.77%, respectively. Colostrum IGF-I was not available for analyses due to
technical error. Blood serum and colostrum samples were analyzed for IgA using an ELISA
Quantification Kit (catalog No. E100-102, Bethyl Laboratories Inc., Montgomery, TX).
Intraassay CV was 4.64% for colostrum IgA and 3.87% for serum IgA. Blood serum and
colostrum samples were analyzed for IgG using an ELISA Quantification Kit (catalog No. E100104, Bethyl Laboratories Inc., Montgomery, TX). Intraassay CV was 3.47% for colostrum IgG
and 4.36% for serum IgG.

4.4.

Statistical Analyses
Data were analyzed using SAS-PC System Version 9.1 for Windows (SAS Institute Inc,

Cary, NC). Main effects tested were birth weight classification, day of treatment, and sex, and
interactions among the three main effects. Litter was used as a random effect. General linear
models with arcsine transformations were used for analyses of piglet body measurements and
immediate behavioural effects of processing. The mixed model procedure was used for analyses
of vocalizations, suckling behaviour, growth and immune measures. Mortality data were
analysed using chi-square and odds ratio calculations. For suckling behaviour and growth rates,
data were analyzed as repeated measures. When interactions were significant (P<0.10), the main
effects of treatment were separated using contrasts. Main effects and interactions between main
effects were included in the initial statistical model and removed when P>0.10. Untransformed
means and standard errors are reported below.
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For analyses of IgA and IgG, correlations were performed between blood and colostrum
samples to determine if colostrum concentrations needed to be included as covariates.
Concentrations of IgA in serum and colostrum were highly correlated (P<0.0001), so colostrum
concentrations were used as a covariate in serum analyses. Concentrations of IgG in serum and
colostrum tended to be correlated (P=0.093), so colostrum concentrations were also used as
covariates in serum analyses.

4.5.

RESULTS

4.5.1. Anthropometric Measurements
Larger crown circumference values (P <0.0001; ABW: 18.4 ± 0.14 cm; LBW: 17.0 ±
0.15 cm) and crown-rump length measures (P < 0.0001; ABW: 33.6 ± 0.42 cm; LBW: 29.74 ±
0.46 cm) were found in ABW piglets than LBW piglets. LBW piglets had a larger mean value
for the ratio of crown to crown-rump measures (P= 0.0133; ABW: 0.55 ± 0.005; LBW: 0.58 ±
0.006) and a smaller mean value for ponderal index (P = 0.0097; ABW: 39.37 ± 0.95; LBW:
34.97 ± 1.42). Female piglets also had a smaller mean value for ponderal index (P =0.0274;
Females: 36.3 ± 1.18; Males: 38.67 ± 1.24), and there was a trend toward a weight class by sex
interaction (P = 0.09; ABW Females: 39.18 ± 1.21; ABW Males: 39.61 ± 1.58; LBW Females:
31.39 ± 1.50; LBW Males: 37.73 ± 1.94).

4.5.2. Vocalizations
From the 114 piglets analyzed for vocalizations, a total of 3502 vocalizations were
recorded (Figure 4.1). Twenty-three vocalizations were discarded due to interfering background
noise. Vocalizations were classified as low if their frequency was below 1000 Hz; otherwise
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they were classified as high (Weary et al., 1998) (Figure 4.1). Piglets performed an average of
30.7 vocalizations during processing, at an average rate of 0.9 calls/s (range: 0 to 2.26 calls/s).
The call rate was higher for ABW piglets (P = 0.03), and a tendency for an increased call rate
was found for piglets processed on d 3 (P = 0.08; Figure 4.2). The average frequency of all piglet
calls was 1077.8 ± 51.92 Hz. There were no differences for average call frequencies (Hz) by
weight class (P = 0.51) or age (P = 0.14; Figure 4.3). Females tended to have a lower mean
frequency (Hz) than male piglets when all vocalizations were considered (P = 0.08; Females:
961.4 ± 66.75 Hz; Males: 1188.17 ± 76.61 Hz). Seventeen piglets did not produce any highfrequency vocalizations, with an approximately equal number from each birth weight class, age
at processing, and sex group. When high- and low-frequency vocalizations were separated and
analyzed, the rate of low calls (<1000 Hz) differed by both weight class and age at processing;
fewer low calls/s were produced by LBW piglets (P = 0.06) and those processed on d 1 (P =
0.002; Figure 4.2). A birth weight by age at processing interaction showed the average frequency
of high calls to be lowest for ABW piglets processed on d 1 and highest for ABW piglets
processed on d 3 (P = 0.05; Figure 4.4). There was a tendency for the duration of the processing
procedure to be longer for LBW piglets (P = 0.05; ABW: 30.35 ± 0.70 s; LBW: 32.89 ± 1.29 s).

4.5.3 Behaviour
4.5.3.1 Immediate Effects of Processing
LBW piglets spent less time lying (P = 0.004) and more time dog sitting (P = 0.01) and
huddling (P = 0.02) than ABW piglets during the 10 min immediately after treatment (Table
4.2). Male piglets tended to spend less time lying than female piglets (P = 0.07; male: 42.6 ±
4.5%; female: 50.9 ± 4.4 % of observations). Playing/fighting interactions were observed more
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often in piglets processed at 3 d of age (P = 0.02; Table 4.2). Position of the docked tail stump,
whether held ―normally‖ (straight) or jammed between the hind legs was not affected by birth
weight (P = 0.67), age at processing (P = 0.21), or piglet sex (P = 0.52; Table 4.2). A birth
weight by sex interaction showed the ―normal‖ tail position occurred more often in LBW female
piglets, followed by ABW males and least often for both LBW males and ABW females (P =
0.01; Figure 4.5).
A birth weight by sex interaction was also found for tail ―jamming‖ behaviour, which
was observed most often for LBW males, followed by ABW females, ABW males, then LBW
females (P = 0.01; Figure 4.6). There was no effect of birth weight (P = 0.8049), age at
processing (P = 0.2616) or sex (P = 0.5121) on tail ―jamming‖ behaviour. There was an effect
of birth weight on ―tail wagging‖, wherein LBW piglets displayed the behaviour less often (P =
0.04; Table 4.2). No interactions between birth weight and processing day (P > 0.17) or sex and
processing day (P > 0.16) were seen for any of the acute behavioural responses to treatment.

4.5.3.2 Effects on Suckling Behaviour
When the behaviour in the farrowing crate was averaged for both the post-natal and postprocessing periods, there was a tendency for a weight class by sex interaction during nursing
bouts, with LBW male piglets having the poorest attendance (P = 0.0568; Figure 4.7). There was
no effect of observation period (P = 0.26), age at processing (P = 0.28) nor a weight class by age
at processing interaction (P = 0.70) on suckling behaviour. When no nursing bout was occurring,
more solitary behaviour was observed in LBW piglets (P = 0.01; ABW: 1.74 ± 0.002%; LBW:
4.59 ± 0.013% of time spent lying alone) and male piglets (P = 0.002; males: 3.74 ± 0.009%;
females: 1.69 ± 0.003% of time spent lying alone). A weight class by sex interaction showed that
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LBW male piglets spent the greatest amount of time alone between nursing bouts (P = 0.0011;
Figure 4.8). Expectedly, the proportion of time piglets spent in close proximity with the sow
when no suckling bout was occurring differed by period; piglets spent a greater amount of time
in contact with the sow in the post-natal versus post-processing period (P < 0.0001; post-natal:
68.72 ± 2.3%; post-processing: 34.12 ± 2.65%).

4.5.4 Growth rates and mortalities
During the course of the experiment, 9 experimental piglets died and 10 experimental
piglets were euthanized. Of the 19 mortalities, 9 occurred prior to treatment: 5 occurred at less
than 24 h of age and were replaced in the trial with littermates; 4 occurred at less than 72 h of
age and were not substituted with littermates. Of the total mortalities, 6 were ABW and 13 were
LBW (P = 0.0007; ABW: 31.6%; LBW: 68.4% of mortalities). Only 2 of the 19 total mortalities
were female (P = 0.0011), both of which were LBW. When cause of death was not readily
apparent, a post-mortem examination was performed. All 6 of the ABW mortalities resulted from
crushing by the sow. Causes of death/humane endpoint determinations for LBW piglets occurred
for various reasons: starvation in combination with chilling or an injury (8 piglets); crushed by
sow (2 piglets); severe injury (1 piglet); polyarthritis (1 piglet); and septicaemia (1 piglet).
Where the cause of death could not be readily determined (as with the septic piglet), a necropsy
was performed (Animal Health Laboratory, University of Guelph, Guelph, ON). More LBW
piglets than ABW piglets died after processing (P = 0.0068; ABW: 3 piglets; LBW: 7 piglets),
and more piglets processed on d1 died than piglets processed on d3 (P = 0.05; d1: 8 piglets; d3: 2
piglets).
As expected, body weights were significantly different by birth weight category
(P<0.0001), age at weighing (P<0.0001), and the interaction between birth weight category and
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age at weighing (P<0.0001) (Figure 4.9). No differences in weights were found for age at
processing (P = 0.46) nor age at processing by birth weight (P = 0.8271).

4.5.5. Immune Measures
The average concentration of IGF-I in piglet plasma on d 5 was 52.3 ± 2.0 ng/mL (range:
7.4 to 126.2 ng/mL). There was an effect of birth weight class on IGF-I concentrations
(P=0.0005; Figure 4.10), but no effect of age at processing (P = 0.13).
The concentration of IgA in colostrum was 12.6 ± 0.9 mg/mL (range: 7.73 to 19.07
mg/mL), and the concentration in piglet serum on d 5 was 2.32 ± 0.09 mg/mL (range: 0.89 to 5.0
mg/mL). There was a tendency for an effect of piglet weight class on serum concentrations of
IgA (P = 0.06; Figure 4.10), but no effect of age at processing (P = 0.48).
The mean concentration of IgG in colostrum was 71.26 ± 11.58 mg/mL (range: 20.03 to
176.03 mg/mL). Average piglet serum concentration of IgG on d 5 was 30.50 ± 0.97 mg/mL
(range: 8.57 to 68.02 mg/mL). There was an effect of weight class (P=0.05; Figure 4.10) and a
tendency for a piglet weight class by sex interaction, with LBW females having the lowest serum
IgG levels (P = 0.08; ABW females: 32.6 ± 1.5 mg/mL; ABW males 30.69 ± 1.47 mg/mL; LBW
females 25.76 ± 3.0 mg/mL; LBW males 30.60 ± 2.84 mg/mL). There was no effect of age at
processing on serum IgG (P = 0.59).

4.6.

DISCUSSION
In North America, painful procedures, including tail docking and ear notching, are

routinely performed on piglets without the use of analgesia or anesthesia. Though the effects of
such procedures have been examined empirically, previous studies have focused on ABW piglets
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as test subjects. To date, no research has been done focusing specifically on the effects of
processing for LBW piglets. However, with genetic emphasis on sow fecundity, total litter
weight is not increasing proportionally, and LBW piglets are representing a greater and greater
proportion of each litter (Milligan et al., 2002b). Given the high LBW piglet mortality in the first
week of life (Marchant et al., 2000), it is clear that the topic of LBW piglet management warrants
investigation.

4.6.1 Anthropometric Measurements
The crown circumference and crown-rump length measures were greater for piglets of
heavier birth weight, indicating that the LBW piglets in this study were of smaller stature than
their ABW counterparts. Although the LBW piglets in our study appeared morphologically
normal, the higher value for the mean crown: crown-rump length and lower mean ponderal index
provide evidence to suggest otherwise. Simply stated, LBW piglets had larger heads with
proportionately shorter and smaller bodies than their ABW counterparts. These data classify the
LBW piglets as being small-for-gestational age as well as displaying asymmetric intrauterine
growth retardation (aIUGR). The implication of these findings is that the sub-sample of LBW
piglets differed from ABW conspecifics not only in body mass, but also in physiology. As
summarized by Wu et al. (2006), aIUGR piglets may have altered skeletal muscle composition,
reduced growth performance, increased mortality and morbidity, and organ dysfunction. The
aforementioned differences, in addition to the increased solitary behaviour and lack of
attendance at nursing bouts may have contributed to their increased mortality rate in our study.
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4.6.2 Vocalizations
Previous studies examining responses to routine surgical procedures have shown
vocalizations with frequencies of >1000 Hz to be reliable indicators of pain and distress in
piglets (White et al., 1995; Weary et al., 1998). Consistent with the findings of those studies,
over 85% of the piglets in our study produced vocalizations >1000 Hz during the procedures,
which provides evidence that ear notching and tail docking procedures are painful for piglets
regardless of birth weight and age at processing. ABW piglets processed on d 3 produced calls of
the highest frequencies (Hz). Since we did not separate out handling from processing in our
study, it‘s unclear if the differences are due to an age-dependant aversion to handling as has been
previously shown (Taylor et al., 2001; Torrey et al., 2009) or to an increased painfulness of the
procedures at older ages. Overall, the differences in call rate and frequency (Hz) for piglets in
this study are thought to reflect differences in piglet vigour, or more specifically, the decreased
vitality of LBW piglets. Cutler and colleagues (1999) have recognized the tendency for LBW
piglets to be weaker, and although data were not presented in the current study, notable lethargy
was observed for the majority of LBW piglets surviving to time of processing. With regard to
vocalizations, LBW piglets produced fewer low frequency calls (<1000 Hz) than ABW
conspecifics, but a similar number of high frequency calls (>1000 Hz) at comparable frequencies
(Hz). It is likely that the increased lethargy and decreased vigour of LBW piglets resulted in
fewer total vocalizations, except in response to painful stimuli such as tail docking and ear
notching, when their call frequency (Hz) was comparable to ABW piglets. However, it is
plausible that for LBW piglets the increased proportion of high-frequency (Hz) versus lowfrequency (Hz) vocalizations reflects a physical constraint on acoustic features due to body size.
It is known that smaller animals, with shorter, tenser (and possibly thinner) vocal folds produce
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vocalizations of higher frequency (Ey et al., 2007). Therefore, it is possible that LBW piglets are
simply less capable of producing low-frequency (Hz) sounds.

4.6.3 Behaviour
4.6.3.1 Immediate Effects of Processing
There were several behavioural differences between the weight classes of piglets
observed immediately following the processing procedure. The differences in lying and dogsitting between ABW and LBW piglets may be attributed to experimental design. For the 10 min
post-procedure observation period, 3 piglets were placed in a plastic box with a heat lamp placed
at one end. Due to the thermoregulatory preferences of the piglets and differences in activity
between weight classes, LBW piglets often rose to a dog-sit to avoid being trampled by the
larger piglets while recumbent. It was noted that when general activity decreased, LBW piglets
typically repositioned atop ABW littermates, thus accounting for the increased huddling
behaviour of (and initiated by) LBW piglets.
Position and/or movement of the tail, such as wagging, have been used as a measure of
piglet distress following the tail docking procedure (Noonan et al,, 1994; Sutherland et al., 2008).
Tail wagging (the rapid movement of the tail from side-to-side), occurred less often in LBW than
ABW piglets, though this may have been due to the notable lethargy of the LBW piglets in our
study. It has been theorized that since tail jamming (tucking the tail between the hind legs)
occurs solely as a response to tail docking, it is indicative of pain or discomfort (Noonan et al.,
1994; Sutherland et al., 2008), although this has not been validated scientifically. Tail jamming
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behaviour in our study occurred with similar frequency regardless of piglet birth weight, age, or
sex.

4.6.3.2. Effects on Suckling Behaviour
Due to a lack of brown fat and immunoglobulins, and with limited energy reserves,
piglets are dependent on colostrum consumption and the sows‘ heat production immediately
following farrowing for survival (Le Dividich et al., 2005). The average temperature difference
between the intra-uterine and external environments is 15-20˚C (Herpin et al., 2002). For the
piglet, this results in a 2˚C drop in body temperature within 20 min post-partum, which is
normally regained within the first 48 h of life (Herpin et al., 2002). However, in addition to
greater initial temperature losses due to increased surface area, the highly variable rate of
thermogenesis for LBW piglets places them at a higher risk than ABW piglets of death from
crushing, starvation, and disease (Herpin et al., 2002).
Though external heat sources are typically provided in commercial production, piglets
prefer the udder as a heat source during the critical re-warming period over the first 2 d of life. It
is also during this time when the sow‘s milk availability transitions from continuous to cyclical
(Fraser, 1980). This day effect was observed in the current study, with piglets on d 1 lying in
close proximity to the sow even between nursing bouts. For both the post-natal and postprocessing periods, LBW male piglets had the poorest attendance at nursing bouts and spent the
greatest amount of time alone between nursing bouts, which may have impacted survivability if
colostrum intake is affected (Nowak et al., 2000).
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4.6.4. Growth Rates and Mortalities
The rate of ABW piglet mortality observed in the current study, 7.32%, is an
improvement on the 10-13% range of piglet loss typically observed in industry for suckling
litters housed in farrowing crates (Herpin et al., 2002). This was most likely due to our
attendance at all farrowings as previous studies found that mortality can be reduced through
maximal care techniques such as drying piglets at farrowing and placing them in a heated crib
away from the sow (Holyoake et al., 1995; Dewey et al., 2008). The 30.2% LBW piglet
mortality rate (13 LBW mortalities out of a total 43 LBW piglets) in our study is similar to
previous investigations on lightweight piglets (Marchant et al., 2000). It must also be considered
that piglets weighing less than 0.6 kg were excluded from the study given their markedly low
survivability (Dewey et al., 2008). A statistical tendency existed for increased mortality of
piglets processed on d1, although age was a confounding effect since it has been estimated that
the majority of pre-weaning mortalities occur within the first 36 h of life (Cutler et al., 2006).
The mortality rate was considerably higher for male piglets in our study. Reduced survivability
for male piglets has been reported in the literature (Lay et al., 2002). Lay and colleagues (2002)
speculated it could be related to increased basal cortisol levels in male piglets (Ruis et al., 1997),
in turn making them more susceptible to stress and disease; or a greater sensitivity to maternal
pheromones resulting from a more highly developed vomeronasal organ, which may draw the
male piglets closer to the udder, thereby placing them at greater risk for crushing by the sow
(Lay et al., 2002). Male piglets have also been found to have an increased latency to suckle at
birth, which Bate and colleagues (2005) attributed to elevated testosterone levels. The increased
latency to suckle also places male piglets at greater risk of chilling, and at a competitive
disadvantage for teat access compared to females. However, this factor was not likely to affect
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the piglets in our study, since all experimental piglets were placed on the udder at the same time.
The impaired thermogenic capacity of LBW piglets (Herpin and Hulin, 2000), combined with
the increased solitary behaviour of male LBW piglets observed in the current study substantiates
their increased mortality rate. In combination with the 6 ABW piglet deaths, all of which were
male and crushed by the sow, these findings are consistent with a study by Becker (1995) which
reported male piglets to more often be killed by chilling and crushing. Supplemental care was not
provided to any of the piglets in this study, though it is possible that ―maximal care‖ (as
described by Dewey et al., 2008) may have increased survivability for LBW piglets. Overall, the
odds of a LBW piglet surviving to weaning were 5.49 times less than for an ABW piglet in our
study. Although we stopped our measurements at weaning, LBW piglets often exhibit low postweaning survivability (Quiniou et al., 2004; Smith et al., 2007; Fix et al., 2010) and poor growth
performance (Quiniou et al., 2002; Smith et al., 2007; Fix et al., 2010). Of the surviving LBW
piglets, growth performance data showed reduced, albeit consistent, results compared to ABW
counterparts through to weaning. Growth rates were not affected by weight class or the age at
which processing was performed.

4.6.5. Immune Measures
Insulin-like Growth Factor I (IGF-I) and Immunoglobulins A (IgA) and G (IgG) were
measured as general determinants of colostrum intake and passive transfer of immunoglobulins.
Mean IGF-I concentrations are consistent with previous findings for piglet plasma (Torrey et al.,
2009). Similarly, mean values are consistent with the literature for serum IgA (Torrey et al.,
2009), serum IgG (Martin et al., 2005; Bland et al., 2000) and as well for colostral IgA (Torrey et
al., 2009) and IgG (Klobasa et al., 1987). For LBW piglets, the lower mean values of plasma
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IGF-I and serum IgG, and tendency for lower mean values of serum IgA in LBW compared to
ABW piglets show that LBW piglets, on average, either consumed less colostrum and/or had
reduced transfer of immunoglobulins than ABW piglets. However, the values we found for LBW
piglets fall within ranges previously reported (Bland et al., 2000; Martin et al., 2005; Torrey et
al., 2009), so the statistical differences for weight class may not be of biological significance.
Additionally, the lack of effect by age at processing or weight class by age at processing suggest
the procedures of ear notching and tail docking are of equal consequence on acquisition of
immunoglobulins to piglets of low- or average-birth-weight whether performed at 1 or 3 d of
age. This is consistent with previous findings of Torrey and colleagues (2009), who found no
difference in immunoglobulin levels for ABW piglets tail-docked and ear-notched at 1 or 3 d of
age.

4.7

SUMMARY
In conclusion, tail docking and ear notching, two procedures which may be performed as

part of routine piglet processing in North America, appear to be equally painful and distressing to
piglets of low- or average-birth-weight. Despite results showing equivocal effects of processing
on suckling behaviour or growth and measures of colostrally-derived growth factors and
immunoglobulins whether processing is performed at 1 or 3 d of age; vocalization data suggests
that ABW piglets may be less reactive to the procedures on d 1. Additionally, given the
decreased likelihood of a LBW piglet surviving to weaning, and that LBW piglet weaning
weight was significantly lighter than that of an ABW piglet, delaying processing for LBW
piglets may be the most humane option.
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Table 4.1. Ethogram for piglets video-recorded immediately following ear notching and tail
docking procedures

Category

Behaviour
Standing
Lying
Huddled

General
behaviour

Play/fight
Dog sit
Escape attempt
Other
Normal

Tail
behaviour

Jam/hide
Wag
Scratch
Normal

Head/Body
behaviour

Shake

Description
Only the piglet‘s feet are in contact with the ground
Piglet is laterally or sternally recumbent
Bodily contact with at least 1 other piglet; standing or
hovering over another piglet; within half the body length of
another piglet‘s head
A bout of piglet interactions that involve lateral head
swiping/biting, use of the head to knock/shove, rapidly
chasing another piglet
Piglet sitting like a dog; hind end/buttocks in contact with
floor while only the feet of the front legs are in contact with
the floor
Piglet attempting to jump up/over wall of observation area
Any general behaviour not fitting into one of the above
categories
Tail stump (tail end) maintained in a straight-down direction
Tail stump tucked between buttocks
Tail stump moving rapidly side-to-side
Piglet moving hind end/buttocks in a side-to-side (rubbing)
motion while area is pressed to an external surface
Head maintained at/near level of spine; not performing any
of the behaviours listed below
Head moving rapidly in a tilt or side-to-side motion

Scratch

Piglet attempting to scratch ears with hind foot

Tremble

Involuntary muscle tremors; shivering
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Table 4.2: Immediate behavioural effects (mean % observations within category ± SE) of taildocking and ear-notching by piglet birth weight, sex and age at processing

Piglet Birth Weight
LBW
ABW
P value

General
Behaviour

Age at Processing
1 day
3 days
P value

Dogsitting, %

6.9 ± 2.2

2.0 ± 0.5

0.01

3.5 ± 1.0

3.7 ± 1.3

0.83

Escaping, %

0.4 ± 0.2

0.8 ± 0.4

0.77

0.4 ± 0.2

1.0 ± 0.5

0.82

Huddling, %

7.2 ± 2.7

2.6 ± 1.0

0.02

4.0 ± 1.5

4.3 ± 1.6

0.96

Lying, %

35.1 ± 5.1

52.1 ± 3.9

0.01 47.4 ± 4.3

45.7 ± 4.6

0.86

Other, %

0.5 ± 0.2

0.5 ± 0.2

0.44

0.4 ± 0.2

0.5 ± 0.3

0.65

Playing/Fighting, %

2.6 ± 1.2

1.8 ± 0.4

0.79

1.0 ± 0.3

3.2 ± 1.0

0.02

Standing, %

47.3 ± 5.2

40.2 ± 3.3

0.33 43.3 ± 4.0

41.7 ± 4.1

0.72

Normal, %

49.7 ± 5.8

47.0 ± 4.1

0.67 53.9 ± 4.8

41.5 ± 4.5

0.21

Tail Jamming, %

50.2 ± 5.8

52.0 ± 4.1

0.80 45.7 ± 4.8

57.4 ± 4.5

0.26

Wagging, %

0.1 ± 0.1

1.1 ± 0.4

0.04

0.4 ± 0.1

1.1 ± 0.5

0.52

Scratching, %

0.0 ± 0.0

0.0 ± 0.0

.

0.0 ± 0.0

0.0 ± 0.0

.

Normal, %

96.2 ± 2.1

95.6 ± 1.5

0.71 94.5 ± 1.8

97.2 ± 1.8

0.30

Shaking, %

0.0 ± 0.0

0.1 ± 0.1

0.04

0.4 ± 0.1

1.1 ± 0.5

0.52

Scratching, %

0.0 ± 0.0

0.1 ± 0.1

0.50

0.0 ± 0.0

0.1 ± 0.1

0.45

Trembling, %

3.8 ± 2.1

4.2 ± 1.5

0.80

5.5 ± 1.8

2.7 ± 1.8

0.29

Tail Position

Body
Behaviour
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No. of occurrences

Call frequency (Hz)
Figure 4.1. Histogram of all piglet vocalizations. Vocalizations were quadra-modal with
peaks at approximately 500-600 Hz, 1800-1900 Hz, 2900-3000 Hz, and >8000. A trough
occurred at 1000 Hz, and vocalizations in this experiment were classified as low if they had
a frequency of less than 1000 Hz and high if their frequency was greater than 1000 Hz.
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*

**

†

Mean rate (calls/s) of
vocalizations >1000 Hz

Mean rate (calls/s) of
vocalizations <1000 Hz

Mean rate (calls/s) of
all vocalizations

†

Day 1

Day 3

LBW

ABW

Main effects
Figure 4.2. Mean call rate (mean calls/s ± SE) for low-birth-weight (LBW) or average-birthweight (ABW) piglets ear-notched and tail docked at 1- or 3-d of age. Rates are shown
separately for (a) all calls; (b) low calls (<1000 Hz); and (c) high calls (>1000 Hz). The effect
of age at processing on low calls/s was significant at P = 0.0029. Birth weight had a significant
effect on the total call rate at P = 0.0327. Within main treatment, columns differ: ** P<0.01,
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* P<0.05, † P<0.10

Mean frequency (Hz) of
all vocalizations
Mean frequency (Hz) of
vocalizations <1000 Hz
Mean frequency (Hz) of
vocalizations >1000 Hz

Day 1

Day 3

LBW

ABW

Main effects
Figure 4.3. Mean call frequency (mean Hz ± SE) for low-birth-weight (LBW) or averagebirth-weight (ABW) piglets ear-notched and tail-docked at 1- or 3-d of age. Rates are shown
separately for (a) all calls; (b) low calls (<1000 Hz); (c) high calls (>1000 Hz). No significant
effects were seen for age at processing or birth weight. An age by birth weight interaction was
significant for high calls (P = 0.0473).
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Call frequency (Hz)

Day 1

Day 3

Figure 4.4 Mean frequency (mean Hz ± SE) of vocalizations greater than 1000 Hz during
treatment application. A treatment by age interaction showed the average frequency to be
lowest for average-birth-weight (ABW) piglets processed at 1 d of age and highest for ABW
piglets processed at 3 d (P = 0.0473). There was no effect of treatment, piglet age, or sex.
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Females

Tail held in "normal"
position, % of observations

Males

LBW Piglets

ABW Piglets

Figure 4.5. Percentage of time tail was held in "normal" (straight down) position (mean %
observations ± SE) during the post-processing observation period. A birth weight by sex
interaction showed "normal" tail positioning to occur most often in low-birth-weight (LBW)
females and least often in LBW males and average-birth-weight (ABW) females (P =
0.0125). There was no effect of birth weight, age at processing or sex.
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Females

Tail held in "jammed"
position, % of observations

Males

LBW Piglets

ABW Piglets

Figure 4.6 Percentage of time tail was held in "jammed" (tucked between hind legs) position
(mean % observations ± SE) during the post-processing observation period. A birth weight by sex
interaction showed "jammed" tail positioning to occur most often in low-birth-weight (LBW)
males and least often in average-birth-weight (ABW) males and LBW females (P = 0.0126).
There was no effect of birth weight, age at processing or sex.

57

Percentage attendance
during nursing bouts

Males

LBW Piglets

Females

ABW Piglets

Figure 4.7. Attendance during nursing bouts (mean % observations ± SE) averaged for the
post-natal and post-processing periods for males and females of average-birth-weight (ABW) or
low-birth-weight (LBW). There was a trend for a weight class by sex interaction, with LBW
males having the lowest average attendance during nursing bouts (P= 0.0568).
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Females

Percentage of time alone
between nursing bouts

Males

LBW Piglets

ABW Piglets

Figure 4.8. Percentage of time spent alone between nursing bouts (mean % observations ±
SE) averaged for the post-natal and post-processing periods for males and females of averagebirth-weight (ABW) or low-birth-weight (LBW). There was a weight class by sex interaction,
with LBW males spending the greatest amount of time alone between nursing bouts (P =
0.0011).
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Weight (kg)

0

5

14

21

Age (Days)
Figure 4.9 Effect of birth weight (low- or average-birth-weight) on body weight (mean kg ± SE)
through 21 d of age. Weights were significant by birth weight (P<0.0001), day of weighing
(P<0.0001), and birth weight by day of weighing (P<0.0001).
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IGF-I, ng/mL

**

IgA, mg/mL

†

IgG, mg/mL

*

Day 1

Day 3

LBW

ABW

Main effects
Figure 4.10 Effect of birth weight and day of processing on IGF-I, IgA and IgG. Mean
concentrations are shown separately for (a) plasma IGF-I (ng/mL ± SE), (b) serum IgA (mg/mL
± SE) and (c) serum IgG (mg/mL ± SE) for piglets at 5 d of age which had been processed at
either 1- or 3- d of age and either low-birth-weight (LBW) or average-birth-weight (ABW). No
significant effects were seen for day of processing. An effect of birth weight showed LBW
piglets to have lower concentrations of IGF-I (P = 0.0005) and IgG (P = 0.047), and a tendency
for lower concentrations of IgA (P = 0.06) than 61
ABW piglets. Within main treatment, columns
differ: ** P<0.01, * P<0.05, † P<0.10

CHAPTER 5: THE EFFECTS OF DOCKED-TAIL LENGTH AND NURSERY
STOCKING DENSITY ON TAIL-BITING BEHAVIOUR, SKIN LESIONS AND
RECTAL PROLAPSES2
5.1.

Abstract
Tail-biting is one of the most welfare-reducing and economically important issues in

swine production. The behaviour is complex and multi-factorial, and is often difficult to curb in
modern facilities. Although tail length and early experience are considered to be important
factors in the development of tail-biting, little is known about their combined effects from
weaning to slaughter. Therefore, the objective of this experiment was to examine the effects of
docked tail length and nursery stocking density on tail-biting, skin lesions, rectal prolapses and
growth performance in swine. This trial took place from June through December 2009 on
commercial farms with existing tail-biting issues in Quebec, Canada. At 2.5 ± 0.03 d of age,
1,011 suckling piglets were weighed and assigned to one of two docked tail lengths (long ―L‖ 4.5
cm or short ―S‖ 1.2 cm) and one of two nursery stocking densities At weaning (18.8 ± 0.05 d),
pigs were weighed and assigned to one of two nursery stocking densities (high density ―H‖ 0.21
m2/pig; or moderate density ―M‖ 0.32 m2/pig), segregated by tail length. All combinations of tail
length and stocking density were maintained in separate pens throughout the trial: long-tailed
high-density; long-tailed moderate-density; short-tailed high-density; and short-tailed moderatedensity. At the end of the nursery period (54.7 ± 0.07 d), 880 pigs were assigned to 88 growerfinisher pens containing 10 pigs each and stocked at a density of 0.72 m2/pig. Pigs were weighed,
scored for tail health (0 intact – 4 severe damage) and scratches (1 none – 5 severe) prior to
leaving the nursery, and every 4 weeks thereafter. Morbidities (including rectal prolapses) and
2

A publication based on this chapter will be submitted as “Bovey, K.E., T.M. Widowski, C.E. Dewey, B. Laplante and
S. Torrey. The effects of docked tail length and nursery stocking density on tail-biting behaviour,
skin lesions and rectal prolapses” to Swine Health and Production
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mortalities were recorded throughout the trial. Data were analyzed using the mixed model
procedure with the grower-finisher pen as the experimental unit. Lighter body weights for the H
pigs persisted to 20 w of age; the majority of the grower-finisher period (P <0.0001; M pigs:
89.2 ± 0.62 kg; H pigs: 87.9 ± 0.47 kg). Moderate-to-severe tail damage was highest for L pigs
(P <0.001; S pigs: 0.43 ± 0.01; L pigs: 0.59 ± 0.01 proportion of pigs with moderate-to-severe
tail lesion score), and tail damage increased through the course of the trial (P <0.0001). The H
pigs had the greatest proportion of pigs with moderate-to-severe scratch scores at 8 and 12 w (P
= 0.008). No difference was found between tail lengths in the incidence of rectal prolapses (S
pigs: 9 incidences; L pigs: 8 incidences). Culls and mortalities were highest for L pigs in the
grower-finisher barn (P = 0.01; S pigs: 6.4%; L pigs: 11.8%). Where tail-biting is known to
occur, long-tailed pigs are most vulnerable to being bitten and experience related tissue damage
and higher culling and mortality rates. High nursery stocking density affects performance and
likely impacts welfare as evidenced by the increased proportion of moderate-to-severe skin
lesions. Further investigation is required to determine the effect of docked tail length on the
occurrence of rectal prolapses.

5.2.

Introduction
The term ―tail-biting‖ refers to a broad category of abnormal behaviour that occurs in

swine. With the degree of assault varying from non-injurious tail-in-mouth (TIM) behaviour to
cannibalism (Schroder-Peterson et al., 2004; Taylor et al., 2010), tail-biting represents a
significant animal welfare and financial issue. Reports of tail-biting exist from as early as the
nineteenth century (Sambraus, 1985). Tail-biting has been attributed to factors associated with
confinement operations such as increased stocking density and group size, barren environment
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and lack of substrate for rooting, poor ventilation, high temperatures, drafts, nutritional
insufficiency, genotype, sex and decreased accessibility of food and water (Breuer et al., 2005;
Schroder-Peterson and Simonsen, 2001; Moinard et al., 2003; Taylor et al., 2010). As a
preventive measure against tail-biting, most farms in North America routinely dock piglets‘ tails.
A recent producer survey indicated that the length of pigs‘ tails and nursery stocking density are
considered important factors in controlling tail-biting behaviour (Paul et al., 2007). However,
much debate exists on the optimal tail length for reducing tail-biting behaviour. Evidence
suggests that the risk of tail-biting is reduced only when a large proportion of the tail has been
removed. When Simonsen (1995) observed pigs with either intact tails or one-third of the tail
docked, there was no difference in the incidence of tail-biting. Similarly, Thodberg et al. (2010)
reported a reduction in tail-biting lesions when tails were docked to one-quarter the original
length; pigs with half or three-quarters the original tail length remaining showed lesions
comparable to pigs with intact tails. Similarly, survey data from Hunter et al. (2001) showed the
level of tail-biting to be more than 3.5 times greater for pigs with undocked or ―tipped‖ tails
versus those pigs with docked tails. Kritas and Morrison (2004) found no clear association
between severity of tail-biting lesions and tail length (range: 5-9.5 cm), although this may have
been due to the marked level of tail-biting observed in the study.
Docked tail length may otherwise affect the physiology of the animal. Studies in lambs
show that when tails are docked flush with the body, rectal prolapses are significantly more
likely to occur (Thomas et al., 2003) due to compromised innervation of the anal sphincter and
perianal muscles (Anderson and Miesner, 2008). Prolapse of the rectum is a recognized problem
in swine barns, with the incidence in one finishing herd reported to range from 0.7%-4.7%
annually over a seven year period (Garden, 1988). While increased abdominal pressure, whether
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a result of straining (i.e. constipation, coughing) or the external environment (i.e. pigs piling,
excessive floor slope) is known to contribute to prolapses (Smith and Straw, 2006), it is
unknown if, as with lambs, docked tail length influences the problem. Given the routine use of
tail docking and occurrence of rectal prolapses in swine barns, the topic warrants investigation.
The consequences of housing pigs at high stocking densities have long been recognized,
especially with regard to tail-biting. As pigs become more crowded, the quantity and intensity of
agonistic interactions and tail-biting increases (Ewbank and Bryant, 1972; Krider et al., 1975).
Moinard et al. (2003) reported that tail-biting is more likely to occur when grower-finisher pens
are stocked at 110 kg/m2 or greater. In contrast, Kritas and Morrison (2004) found no association
between stocking density and tail-biting in their observational study. However, the authors found
a prevalence of bitten tails six times higher than that reported in previous work by Hunter et al.
(1999; 2001). To date, the effects of space allocation on behaviour have primarily been
investigated during the grower-finisher period and do not factor in potential persistent
behavioural effects of the early rearing environment. In one of the few studies examining the
relative long-term effects of ―group size/stocking density‖ on nursery pigs, Spicer and Aherne
(1987) found no difference in general biting behaviour between treatments when nursery pigs
were studied for one month post-weaning. However, it is unknown if nursery stocking density
influences tail-biting through to slaughter. Therefore, the objective of this experiment was to
examine the effects of docked tail length and nursery stocking density on tail-biting, skin lesions,
rectal prolapses and growth performance in swine.
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5.3

MATERIALS AND METHODS
This trial took place from June through December 2009 on a commercial farm in Quebec,

Canada. The existing tail-biting problem occurring at this facility provided the opportunity to
conduct this research without having to induce tail-biting experimentally. All procedures in this
study were conducted in a manner consistent with and respectful of the provisions of the Comité
Institutionnel de Protection des Animaux at the Agriculture and Agri-Food Canada research
station in Lennoxville, Quebec. This study was approved by an Institutional Animal Care
Committee in accordance with the Canadian Council on Animal Care.

5.3.1 Experimental Design
At 2.5 ± 0.03 d of age, 1,011 suckling piglets were weighed and assigned one of four ear
tag colours representing docked tail length treatment (long ―L‖ 4.5 cm or short ―S‖ 1.2 cm),
nursery stocking density treatment (high density ―H‖ 0.21 m2/pig or moderate density ―M‖ 0.32
m2/pig) and sex. Treatment groups were balanced for weight and sex. Docked tail length was
determined by measuring from the underside of the tail base and tail docking using side-cutting
pliers. Piglets were ear tagged for individual identification and returned to the sow immediately
post-procedure. Iron injections and castration of male pigs were carried out within several days
by barn staff. At weaning, all piglets were weighed and evaluated for health status. Piglets were
excluded from the study if they were weaned from the sow at less than 17 d of age or were
extreme in body weight. The remaining 960 piglets were weaned at 18.8 ± 0.05 d of age and
randomly assigned to concrete-slatted nursery pens measuring 3.05 m x 1.83 m. The ―high
density‖ pens contained 36 pigs while the ―moderate density‖ pens contained 24 pigs. All
combinations of tail length and stocking density were present: 8 pens ―short tail high density‖
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(SH); 8 pens ―short tail moderate density‖ (SM); 8 pens ―long tail high density‖ (LH); and 8 pens
―long tail moderate density‖ (LM). Tail treatments were maintained in separate pens in both the
nursery and grower-finisher barns. Each nursery pen contained one drik-o-mat™ drinker
(Egebjerg International A/S, Egebjerg, Denmark) and one feeder with 6 head spaces. Feed was
pre-weighed and offered ad-libitum. Pig numbers were reduced at the end of the nursery period
by removing pigs due to injuries, illnesses and extremes in weight. After balancing for sex and
weight, the remaining 880 pigs were assigned within treatment to grower-finisher pens at 54.3 ±
0.07 d of age, balanced by treatment between two rooms of the barn. There were 26 pens
comprised of pigs from the SH nursery barn treatment group; 18 pens SM; 26 pens LH; and 18
pens LM. The concrete-slatted pens in the grower-finisher barn measured 3.49 m x 2.07 m and
contained 10 pigs (0.72 m2/pig). Each pen contained one drik-o-mat™ drinker and one feeder
with two head spaces. Feed was pre-weighed and offered ad-libitum. Nearing slaughter the betaadrenergic agonist drug ractopamine hydrochloride (Paylean®, Elanco Animal Health, Guelph,
ON) was provided in the feed at an inclusion rate of 10 ppm for 24.7 ± 0.3 d. In both the nursery
and grower-finisher barns, a mechanical negative pressure system with thermostat was used. No
windows were present in the barns. Room lights were kept off except for when management
walked through (typically on a daily basis). Morbidities and mortalities were recorded
throughout the trial and classified as culls.

5.3.2 Scratch Scores, Tail Health Assessments, Productivity and Rectal Prolapses

Pigs were individually weighed 7 times during the course of the study: at the time of tail
docking and ear tagging at 2.5 ± 0.03 d of age, at weaning (18.8 ± 0.05 d of age), at the end of
the nursery period (54.2 ± 0.07 d of age), every 4 weeks in the grower-finisher barn, and prior to
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shipment for slaughter (162.8 ± 0.4 d of age). A mobile electronic scale, precise to 0.1 kg, was
used to weigh pigs.
Scratch scores were determined using the Meat and Livestock Commission‘s five point
scale as a visual reference (Figure 5.1; Anon, 1985) along with working definitions of each score
(Table 5.2) by two trained observers (kappa statistic for interobserver reliability = 0.93) 5 times
throughout the trial. Tail health was assessed using a five-point scale adapted from Hunter et al.
(1999; Figure 5.2) by the same two trained observers (kappa statistic for interobserver
reliability=0.97). Individual scratch scores and tail health assessments were performed 5 times
each, at the same time as the pigs were being weighed, commencing at the end of the nursery
period. The occurrence of rectal prolapses was noted in the grower-finisher barn and during
offload at the slaughter plant.

5.3.3 Behaviour
Behaviour in the grower-finisher barn was video recorded (Panasonic HDC-HS9 Highdefinition video cameras, Matsushita Electric Industrial Co. Ltd., Osaka, Japan; Digital video
recorder PL12016-00-00, i3DVR International Inc., Scarborough, Canada) for a 24 h period once
monthly for 4 months from a sub-sample of 30 pens (6 pens SH; 9 pens SM; 6 pens LH; 9 pens
long LM). Scan sampling was performed every 10 min for a total of 4 periods from each
recording (0:00-1:00; 6:00-7:00; 12:00-13:00, and 18:00-19:00) using an ethogram adapted from
Statham et al. (2009; Table 5.2; Lehner, 1996). Videos were recorded during alternate weeks
from scratch scoring, tail health assessment and weighing procedures. Since room lights were
kept off as per standard operating procedure in the barn, illumination for video recording was
provided from a single strand of red incandescent lights strung over each pen.
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5.3.4 Health Management
As per standard operating procedures for the grower-finisher barn, pigs with tail bitten
lesions of score ―2‖ or higher (Figure 5.2) had an elastrator placed immediately proximal to the
lesion(s) and received a single (weight-dependant) injection of penicillin. If any pig was deemed
to require placement of a second elastrator due to tail damage from biting, the animal was
removed from the pen. Additionally, if tail-biting activity in a pen necessitated the placement of
an elastrator on a pig, that pen was classified as having a tail-biting problem. As such, an oral
―enrichment‖ (a 1.8 m length of chain and strip of polyboard measuring approximately 20 cm x 6
cm) was suspended in that pen.

5.4

Statistical Analyses
Data were analyzed using SAS for Windows (Version 9.1, SAS Institute Inc., Cary, NC).

Main effects tested were tail length, nursery stocking density, grower-finisher pen, week of data
collection and their interactions. The mixed model procedure was used for analyses of scratch
scores, tail health scores, weight, culls and behavioural observations. Repeated measures were
used for scratch scores, tail health scores, weight, culls and behavioural observations. Scratch
scores were categorized as normal-to-mild (scores 1,2) or moderate-to-severe (scores 3,4,5)
(Figure 5.1, Table 5.2). Similarly, tail health scores were categorized as mild (scores 0,1) or
moderate-to-severe (scores 2,3,4) (Figure 5.2). Given that the pen was the experimental unit, data
were analyzed as the proportion of pigs per grower-finisher pen having these classifications of
scores. Grower-finisher room was used as a random effect. When interactions were significant
(P<0.10), the main effects of treatment were separated using contrasts. Behavioural observations
were grouped and categorized as fighting/playing, oronasal behaviour directed toward pen mates,
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oronasal behaviour directed toward environment and inactive/other (Table 5.3). A chi-square test
was used to analyze the frequency of rectal prolapses by sex. Otherwise, descriptive statistics are
presented for rectal prolapses, since the number of occurrences was similar between treatment
groups and therefore did not warrant statistical analyses.

5.5

RESULTS

5.5.1 Scratch Scores, Tail Health Assessment and Productivity
When all 5 scratch scoring assessments from 8 to 24 w were considered, there was an
effect of tail treatment, with S pigs having a higher proportion of moderate-to-severe scratches
than L pigs (P = 0.043; S pigs: 0.35 ± 0.02; L pigs: 0.31 ± 0.02). Nursery stocking density had no
effect (P = 0.277) on the proportion of pigs per grower-finisher pen showing moderate-to-severe
scratches. An interaction between tail length and nursery stocking density showed LM pigs have
the lowest proportion of pigs with moderate-to-severe scratches (P = 0.014; Figure 5.3). There
was an interaction between nursery stocking density and age on the proportion of pigs per
grower-finisher pen with moderate-to-severe lesions (P = 0.008; Figure 5.4); a higher proportion
of pigs from the H treatment had moderate-to-severe scratches at 8 and 12 w of age compared to
M treatment. However, similar proportions of pigs from either nursery stocking density had
moderate-to-severe scratches at 16, 20, and 24 w of age (Figure 5.4). Though scratch scores did
not differ by sex (P = 0.380), an interaction between sex and nursery stocking density showed
female pigs housed at the moderate density to have the lowest proportion of moderate-to-severe
scratches (P = 0.035; Figure 5.5).
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Tail health scores were affected by tail treatment; L pigs had a greater percentage of pigs
with moderate-to-severe tail lesion scores compared to S pigs (P <0.001; S pigs: 43 ± 1%; L
pigs: 59 ± 1% of pigs with moderate-to-severe tail lesion score). Nursery stocking density did not
affect the degree of tail damage (P = 0.328), nor was there an interaction between density and
tail length (P = 0.589). Tail damage increased significantly through the course of the trial (P
<0.0001), and a tail length by week interaction showed a greater percentage of L pigs per
grower-finisher pen to have moderate-to-severe tail lesions at 16, 20, and 24 w of age compared
to S pigs (P <0.0001; Figure 5.6). Similar percentages of male and female pigs per grower
finisher pen had moderate-severe tail damage (P = 0.283), though a sex by tail length by nursery
stocking density interaction showed a higher percentage of LM females and L males from either
nursery stocking to have moderate-severe tail damage (P <0.0046; Figure 5.7). There was an
effect of grower-finisher room on tail lesions, with an increased percentage of pigs exhibiting
moderate-severe tail damage in one half of the barn (P <0.001; room 1: 47 ± 1%; room 2: 55 ±
1% of pigs with moderate-to-severe tail lesion score).
The pigs‘ weights increased linearly throughout the trial as the pigs grew (P <0.001). Tail
length tended to affect average daily gain (P = 0.08; S pigs: 963.1 ± 5.4 g/d; L pigs: 952.5 ± 5.7
g/d). An effect of nursery stocking density showed that pigs housed at the high nursery stocking
density had lower body weights at 20 w of age than those housed at the moderate nursery
stocking density ((P <0.0001; M pigs: 89.2 ± 0.62 kg; H pigs: 87.9 ± 0.47 kg). An interaction
among tail length, nursery pen stocking density and week showed SM pigs to have heavier body
weights for w 8 through 20 (P <0.004; Figure 5.8). There was an effect of grower-finisher room
on productivity, with pigs in one room having reduced average daily weight gain compared to
the other room (P <0.001; room 1: 918.2 ± 5.2 g/d; room 2: 1005.8 ± 5.0 g/d).

71

5.5.2 Rectal Prolapses
Of the 880 pigs in the grower-finisher barn, 17 (1.9%) had rectal prolapses. A similar
number of pigs from each tail length treatment group were affected (S pigs: 9 affected; L pigs: 8
affected). Overall, there was a tendency for a greater number of males than females to be
affected by rectal prolapses (P = 0.087; Females: 5 pigs; Males: 12 pigs).

5.5.3 Culls
Of the 960 pigs in the nursery barn, 11 (1.1%) were culled. LH pigs had the greatest
number of culls (6 pigs), followed by S pigs at either density (each with 2 culls), and lastly by
LM pigs (1 culled pig). The overall cull rate in the grower-finisher barn was 9.1%. Tail length
had a significant effect on the percentage of culls per pen in the grower-finisher barn, with longtailed pigs having the highest losses (P = 0.01; S pigs: 28 culls; L pigs: 52 culls). There was no
effect of nursery stocking density (P = 0.68), nor an interaction between nursery stocking density
and tail length (P = 0.37) on the percentage of pigs culled per grower-finisher pen. Growerfinisher room tended to affect the number of culls (P = 0.06; room 1: 48 culls; room 2: 32 culls).

5.5.4 Behavioural Observations
The percentage of aggressive and submissive interactions was highest when the pigs were
10 and 18 w of age (P <0.0001; Figure 5.9a). Aggressive and submission interactions were not
affected by tail length (P = 0.82) or nursery stocking density (P = 0.63). The percentage of time
pigs spent performing conspecific-directed behaviour, including tail-in-mouth behaviour, ear-inmouth behaviour, tail-biting, ear biting, and nosing were highest when the pigs were 10 and 18 w
of age (P <0.0001; Figure 5.9b). Conspecific-directed behaviour was not affected by tail length
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(P = 0.95) or nursery stocking density (P = 0.33). While environment-directed behaviour
increased at 10 and 18 w of age (P = 0.009; Figure 5.9c), there was a tendency for S pigs to
perform an increased amount of environment-directed oronasal behaviour at 18 w of age
compared to S pigs at 22 w of age (P = 0.08; S pigs at 18 w: 11.45 ± 0.85%; S pigs at 22 w: 7.14
± 0.85% of time). When pigs were not engaged in aggressive/submissive interactions,
conspecific-directed behaviour or environment-directed behaviour, they were considered
inactive. The greatest mean percentage of inactivity occurred at 14 and 22 w of age (P <0.0001;
10 w of age: 82.9 ± 0.85%; 14 w of age: 85.65 ± 0.85%; 18 w of age: 82.74 ± 0.85%; 22 w of
age: 88.08 ± 0.85% of time), with a tendency for L pigs to be inactive for a greater percentage of
time at 18 w of age compared to S pigs at 18 w of age (P = 0.08; S pigs at 18 w: 80.94 ± 1.2%; L
pigs at 18 w: 84.5 ± 1.2% of time).

5.6

DISCUSSION
Tail-biting is a problem in pigs under a wide range of housing conditions. Despite

extensive academic and on-farm efforts dedicated to understanding the problem, meat inspection
data from Danish abattoirs provide evidence for an increased incidence of tail-biting over the last
2 decades (Anon., 2001). Producer surveys have indicated tail-docking and nursery stocking
density to be important factors in tail-biting behaviour (Moinard et al., 2003; Paul et al., 2007).
However, previous epidemiological studies examining tail-biting have produced varied results
with regard to docked tail length (Simonsen, 1995; Hunter et al., 2001; Kritas and Morrison,
2004; Thodberg et al., 2010), and the combined effects of different docked tail lengths and
nursery stocking densities had not been examined empirically. Therefore, this study was
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designed to assess the effects of docked tail length and nursery stocking density on tail-biting
behaviour, skin lesions, rectal prolapses and growth.

5.6.1 Scratch Scores
It is recognized that as stocking density increases to a critical point, there is an increase in
agonistic interactions and tail-biting behaviour, and a decrease in growth performance as pigs
become more crowded (Randolph et al., 1981). Agonistic behaviour is often quantitatively
assessed by skin scratches and injurious lesions (Barnett et al., 1996; Turner et al., 2006).
Though video data for the nursery barn were not available, the relatively low proportion of
moderate-to-severe scratch scores for pigs at 8 w of age compared to w12 through 24 suggest
that either a minimal level of aggression/fighting occurred in the nursery barn, or that agonistic
interactions resulted in minimal lesions. The high proportion of pigs with moderate-to-severe
scratch scores from the high density treatment group could have resulted from incidental contact
with conspecifics and pen fixtures. However, given the restricted feeder and drinker allotment in
the nursery barn and reduced growth performance for pigs in the high density treatment at 8 w,
an elevated level of aggression can more likely be attributed to increased competition for
resources (McGlone, 1986; Arey et al., 1999). Still, it is necessary to consider that the degree of
crowdedness at either stocking density by 8 w of age may have impeded the pigs‘ movement to
the extent that there was not sufficient space for fighting. Newly-acquainted nursery and
fattening pigs fight vigorously for 24 to 48 h after mixing in order to establish a hierarchy
(Meese and Ewbank, 1973; Barnett et al., 1996). Therefore, it was not surprising that the greatest
proportion of moderate-to-severe scratch scores for all pigs occurred during the post-mixing
period in the grower-finisher barn, when the greatest proportion of aggressive interactions was

74

also observed. Since the proportion of agonistic behaviour was not influenced by tail length or
stocking density treatments, the notably high proportion of pigs from the high density treatment
with moderate-to-severe scratches at 12 w suggests either greater intensity of aggressive
interactions for these pigs or that behaviour sampling occurred too infrequently to detect a
difference between treatments. Given the restricted space of either nursery stocking density,
space allowance may have limited the opportunity for normal social interactions. It has been
remarked that avoidance and fleeing behaviour is how a losing pig avoids further aggression
(Ewbank and Meese, 1971; Meese and Ewbank, 1973; Pitts et al., 2000). However, where space
limitation restricts escape behaviour, the duration of unretaliated harassment is prolonged
(Randolph, 1981; Pitts et al., 2000), thereby leading to an increased number of skin lesions.
Considering the relatively high proportions of moderate-to-severe skin lesions throughout the
grower-finisher period, it may be that either nursery or grower-finisher stocking densities were
too great to permit more marked differences between treatments.

5.6.2 Tail Health Assessments
The results of the tail health assessments indicate that, for herds where tail-biting is
known to occur, pigs with long tails are most vulnerable to tail-biting and resultant tissue
damage. In our study, the effects of high stocking density in the post-weaning environment on
tail-biting were not readily apparent. However, as previously discussed, it may be the case that
the variability in nursery stocking densities was too narrow to detect differences. Similarly, the
severity of the tail-biting in this herd may have precluded treatment effects. With few studies
investigating the age at which tail-biting behaviour begins (Schroder-Peterson et al., 2001) and
the majority of tail-biting research focusing on the latter stages of production, tail-biting is often
perceived to be a problem of the grower-finisher barn (Kritas et al., 2004). While the severity of
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the lesions did progressively increase throughout the trial, the tail health scores attained at the
end of the nursery period provide evidence that the behaviour does occur in young pigs. In fact,
by the age of 8 w, over 50% of pigs in the current study had evidence of bitten tails. One month
later, that number had increased to 97.8%.
Overall, we found similar percentages of males and females to be tail bitten, though a sex
by tail length by nursery stocking density interaction showed that of the long-tailed treatment
groups, female pigs with long tails from the high density nursery stocking density had the lowest
percentage of moderate-to-severe tail lesions. This finding is consistent with previous work by
Hunter et al. (1999) and Kritas and Morrison (2004), which reported that male pigs are more
often the recipients of tail-biting.

5.6.3 Productivity
Nursery stocking density had a significant effect on body weight, with the pigs housed in
the high density treatment having lighter body weights compared to the moderate density
treatment from 8 w of age until just prior to slaughter. The allometric equation Area (m2) = k X
BW.667 uses the space coefficient (k) to determine floor space allowance in commercial pig barns.
Previous work by Gonyou et al. (2006) has identified the critical value, or point at which
production begins to decline due to space restriction, at k = 0.034. Using the average body
weight of 19 kg (range: 10-30 kg) for an 8-w-old pig in our study, we find k values of 0.029 and
0.045 for the high and moderate densities, respectively. For similarly-sized pigs, the Canadian
Code of Practice recommends a minimum 0.26 m2/pig (CARC, 1993). Therefore, the poorer
productivity of the high density (0.21 m2/pig) nursery stocking density treatment in the current
trial is consistent with the literature (Gonyou, 2006). In the grower-finisher barn, all pigs were
housed at a stocking density of 0.72 m2/pig. For the average 122 kg slaughter weight pig (range:
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80.5 – 149 kg), this equates to a value of 0.029 for k at the end of production. Therefore, the
space allowance provided to pigs in the grower-finisher barn has been shown to impact
productivity (Gonyou, 2006) and is below the minimum recommended 0.86 m2/pig in the
Canadian Code of Practice (CARC, 1993). Though culling decreased stocking density for some
pens, 39 of the 88 total pens (44%) contained 10 pigs for the duration of the trial.
The duration of effect from high stocking density in the nursery persisted for 3 of the 4 months
of the grower-finisher phase. Since behavioural observations in the grower-finisher barn did not
reveal differences by nursery stocking density, the reason for the prolonged effect of crowding
on growth rates is not clear. In our study, SM pigs displayed the highest growth performance for
w 8 through 20. This may be attributed to the reduced degree of tail damage observed for the
aforementioned pigs compared to long-tailed pigs from either nursery stocking density treatment.
Additionally, the limited amount of feeder and drinker spaces would have required pigs to
compete for resources in both the nursery and grower-finisher barns. In the nursery, one drinker
and a feeder with six head spaces were present per pen of 24-36 pigs. Each grower-finisher pen
of 10 pigs provided one nipple drinker and a feeder with two head spaces. The Canadian Code of
Practice recommends a minimum of one drinker per 15 pigs (CARC, 1993). While similar
recommendations for feeder bunk space are not in the Code of Practice, it is commonly assumed
that competition for resources affects levels of aggression. With regard to tail-biting, Moinard et
al. (2003) showed that use of a feed system with five or more grower pigs per feed space
markedly increased the risk of tail damage from biting (Odds ratio = 2.7).
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5.6.4 Rectal Prolapses
Rectal prolapses have been recognized as a common occurrence in growing pigs, and
attributed to ―any condition that may result in rectal straining‖, including persistent coughing,
excessive gas and overstocking (Borobia-Belsué, 2006). Rectal prolapse is also common in
sheep, occurring as a consequence of decreased docked tail length (Thomas, 2003). As explained
by Andersen and Miesner (2008) the practice of ultra-short tail docking compromises innervation
of the anal sphincter and perianal muscles and results in ―chronically progressive rectal
protrusion and ultimately prolapse‖. No data exists for the effect of tail docking pigs on rectal
prolapses, the only other livestock species for which the manipulation is a routine practice. The
results of our study show that pigs with tails docked to 1.2 or 4.5 cm are equally likely to be
affected by prolapse of the rectal mucosa. One possible explanation is that the neural trauma
induced by the 1.2 cm ―short‖ docked tail treatment in the current study was not sufficient to
cause a compromise in the innervation of the anal sphincter. Thomas et al. (2003) reported a
greater number of female lambs affected with rectal prolapses. In contrast, we found a higher
incidence of rectal prolapse in male pigs. Though little information is available on rectal
prolapses in swine, Moinard and colleagues (2003) reported that farms with recent histories of
tail-biting behaviour tended to have a greater number of rectal prolapses. Additionally, it is
known that male pigs are more often the recipients of tail-biting (Simonsen, 1995; Hunter et al.,
1999). Simple statistics of tail-biting data for individual pigs in our study showed a greater
proportion of male pigs were moderate-to-severely tail-bitten. Given the role of neural trauma in
rectal prolapses (Anderson and Miesner, 2008), it is worthwhile to consider the potential
relationship between tail-biting and rectal prolapses.

78

5.6.5 Culls
Given the performance target for nursery pig loss of 2-5% (Dewey and Straw, 2006), the
1.2% observed in our study is a slight improvement over the typical industry range. One
explanation may be that the smallest piglets, a group identified to perform most poorly in the
nursery (de Grau et al., 2005), had been removed from the trial at weaning. This selection
process was performed again prior to transferring the pigs to the grower-finisher barn. The 9.1%
cull rate recorded in the grower-finisher barn greatly exceeds the recommended performance
target of 0.5-3.0% for that period (Dewey and Straw, 2006). It should be noted that in our study,
the cull rate represents mortality as well as removal of a pig for placement in the hospital pen.
Though exact diagnoses could not be ascertained, tail-biting was often a predominant factor in
the decision to cull. The 9.1% cull rate, therefore, speaks to the severity of tail-biting in the
facility. Though every attempt was made to ensure a consistent environment throughout the
grower-finisher facility, one side of the barn had lower average daily gain and a higher number
of culls but improved tail scores. For unknown reasons, the aforementioned side of the barn
experienced more severe tail-biting issues and required a larger number of pigs be culled.
Consequently, pigs with the highest degree of tail insult were not included in the monthly tail
scoring assessment.

5.6.6 Behavioural Observations
For the four periods of behaviour observations in the grower-finisher barn, the pigs had
increased levels of activity at 10 and 18 w of age. The first period of increased activity represents
a time frame 2 w after pigs had been mixed into the grower-finisher barn, as well as the period
when the pigs had the most space. As to be expected, an increased amount of time was spent
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exploring the pen and pen mates, as well as engaging in agonistic interactions. A second period
of increased activity occurred at the age of 18 w. Since all management and environmental
factors had remained relatively consistent throughout the grower-finisher phase, one speculative
reason for this transient behavioural change may have been the transition to a lower protein diet
between 16 and 20 w of age (Table 5.1). Fraser and colleagues (1991) suggested that where
dietary protein is lacking, an animal may sample a wider variety of flavours or chewable objects,
including conspecifics‘ tails. However, the researchers were referring to a degree of protein
deficiency which depresses growth. Alternatively, since data were collected for 1 24 h period per
month during the grower-finisher period, day-to-day variation in the pigs‘ behaviour may
account for the increased level of activity.

5.7

Summary
The current study provides evidence for the occurrence of tail-biting behaviour while pigs

are still in the nursery. Long-tailed pigs were most vulnerable to tail-biting and resultant tissue
damage, and housing at a moderate versus high nursery stocking density was not sufficient to
reduce tail-biting. Furthermore, the negative effects of high nursery stocking density on
performance and skin lesions persisted into the grower-finisher period. The incidence of rectal
prolapses was equally likely for pigs from either nursery stocking density or docked tail length
group. Until tail-biting is better understood and a more effective solution found, the routine
docking of tails remains the optimal method for balancing a situation with enormous welfarereducing potential.
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Table 5.1: Nutritional information for the diets provided in the nursery and grower-finisher barns

Figure 5.1 The Meat and Livestock Commission‘s five-point carcass damage scale
(Anon, 1985), used in combination with working definitions (Table 5.2) to determine
scratch scores on individual pigs.
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Table 5.3 Ethogram used to quantify video-recorded behaviour of pigs while
in grower-finisher pens

Category

Behaviour

Description

Aggression

Pig is interacting aggressively (biting, nosing, pushing)
with another pig

Submission

Submitting to an agonistic or oral interaction

Tail-inmouth/biting

Pig is engaging in tail biting/tail-in-mouth behaviour

Ear-in-mouth/biting

Pig is engaging in ear biting/ear-in-mouth behaviour

Nose pen mates

Pig is nosing any part of the body of another pig

Nose environment

Pig is nosing the floor, walls, or other pen components

Feeding/drinking

Pig‘s mouth is in the feeder or in the drinker

Combination

Pig is the recipient of oronasal behaviours while also
nosing/biting/feeding/drinking

Other

Pig is not performing any of the above behaviours

Fighting/Playing

Oronasal
behaviour
directed toward
pen mates

Oronasal
behaviour
directed toward
environment

Inactive/other
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CHAPTER 6: GENERAL DISCUSSION AND CONCLUSIONS

Routine piglet processing, which may include castration, tail-docking, and ear-notching,
is performed on the majority of North American farms and represents one of the most
controversial practices for animal welfare. Additionally, the recommendations of many producer
and veterinary organizations require empirical scientific data to ensure the best possible welfare
of piglets undergoing surgical manipulation. Two such areas are: the most appropriate age at
which to process piglets compromised by LBW, and the most appropriate length at which to
dock piglets‘ tails.
In our first experiment, animal-based measures were used to determine the optimal age at
which to process LBW piglets. Since these piglets are generally recognized as being weaker than
ABW piglets and therefore, compromised, producers are often unsure of their management,
especially with regard to routine surgical procedures. Discussion with farrowing attendants has
revealed a variety of methods for dealing with LBW piglets: from euthanizing small piglets at
birth to providing maximal care; from processing LBW piglets alongside ABW conspecifics to
postponing processing up to one week. Normally, piglets are processed between 1- and 3-days of
age. However, this is a critical period for piglets when they must consume vital colostrum and
establish normal suckling behaviour (Fraser, 1980; Lewis and Hurnik, 1985; Rooke and Bland,
2002). The possible impact of processing on colostrum intake and suckling behaviour had not
been examined in LBW piglets.
During our study, LBW piglets were observed to be markedly more lethargic than ABW
counterparts, despite all piglets being assessed for viability at birth. However, when subjected to
the painful procedures of tail-docking and ear-notching, LBW piglets produced an equal number
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of high-frequency vocalizations as ABW piglets. Male LBW piglets missed a great number of
nursing bouts and spent significantly more time lying alone. Though the immunological
measures of piglets do not differ by birth weight, it is possible that there was a difference that
wasn‘t detected because the solitary behaviour and decreased milk intake of LBW male piglets
contributed to their mortality prior to blood collection at 5 days of age. In conjunction with the
differences in behaviour, a greater proportion of mortalities occurred for LBW male piglets than
LBW female piglets, and a greater number of losses were observed for LBW piglets compared to
their ABW conspecifics. The higher mortality rate for LBW piglets is consistent with the
literature (England, 1974; Marchant et al., 2000; Rooke et al., 2001; Milligan et al., 2002a,
2002b). Despite few studies having reported increased losses of LBW males versus females,
literature on human infants have reported markedly lower survival rates for pre-term male
infants, though the cause is unknown (Shinwell, 2007; Tyson et al., 2008).
Our study has provided valuable insight on the subject of processing LBW piglets. We
have provided evidence to show that LBW piglets respond similarly to painful surgical
procedures whether at 1- or 3-days of age. However, due to the implications of decreased
vitality, isolated behaviour and reduced LBW piglet survivability, delaying processing until d 3
for these piglets may be the most humane option.
In our second experiment, we examined the effect of short- (1.2 cm) and long-docked
(4.5 cm) tails, in combination with the effects of moderate (0.36 m2/pig) and high (0.21 m2/pig)
nursery stocking density on tail-biting behaviour and rectal prolapses. Despite the majority of
North American producer reliant on tail-docking as a means of controlling tail-biting behaviour,
optimal tail length has not been determined empirically. As a result, docked tail length varies
widely. There are numerous anecdotal reports of producer preference for docking, such as: ―the
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docked tail should extend to the vulva‖; ―one-third of the tail should be removed‖; and even
extreme cases of docking flush with the body wall, so as to leave no trace of tail. However, the
physiological effects of such practices have not been established. Presumably, producers who
routinely practice ultra-short tail-docking have dealt with severe tail-biting issues. However,
removing the tail may be a temporary solution, since it only eliminates an outlet for the animals‘
behaviour, not the precipitating factors. Tail-biting is known to be related to other abnormal oral
behaviour such as ear-biting (Beattie et al., 2005; Smulders et al., 2008) and where tail-biting
behaviour is frustrated by short-docked tails, it has resulted in higher levels of ear-biting lesions
(Abbott, 2011). In addition, it has been found that pigs performing high levels of tail-biting also
perform high levels of more generalized penmate-directed biting behaviour (Brunberg et al.,
2011).
Interestingly, despite the high incidence of tail-biting and evidence of aggressive interactions, the
ear tags placed at 2-3 d of age were maintained through to slaughter for the majority of pigs.
The degree of agonistic behaviour in our study was marked. While the recorded scratch
scores and behavioural observations reflect this to some extent, acute fighting bouts occurred
between scoring assessments that resulted in the deaths or removal from pen of 24 pigs from 16
different grower-finisher pens. While newly-acquainted nursery and fattening pigs fight
vigorously for 24 to 48 h after mixing in order to establish a hierarchy (Meese and Ewbank,
1973; Barnett et al., 1996), the aforementioned acute fighting bouts occurred in pens of pigs that
had remained static for 8 to 17 weeks. Given that 18 of the pigs from 11 different grower-finisher
pens removed from the study due to fighting were from the long-tail treatment group, it is
possible that tail-biting may have been implicated. The facility in this study was selected because
of pre-existing problems with tail-biting. While the facility permitted us to study tail-biting
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without having to induce the behaviour experimentally, it is possible that the pre-existing tailbiting situation was so marked it did not permit greater detection of differences between
treatment groups. However, it cannot be ruled out that the variability in treatment groups was too
narrow to permit greater detection of differences between treatments. The values we used for
docked-tail length (1.2 and 4.5 cm) and nursery stocking density (0.21and 0.32 m2/pig) are
representative of commercial facilities, including the facility where the trial took place.
When a pen was designated as ―tail-bitten‖ in our study, affected pigs were treated or
removed (when possible) and a length of chain and strip of polyboard were suspended as oral
enrichment. While other forms of enrichment may be more effective at reducing the incidence of
tail-biting (Zonderland et al., 2008), the liquid manure system, as well as cost consideration,
precluded their use in our study. Though the pigs did make use of the enrichment supplied, tissue
damage resulting from tail-biting behaviour persisted and increased. Our study confirms that
once tail-biting behaviour is present in a commercial setting, it is very difficult to curb.

GENERAL CONCLUSIONS
The routine surgical manipulation of piglets remains one of the most controversial animal
welfare topics in pig production. Two areas for which scientific data were lacking included the
optimal age at which to process LBW piglets, and the effect of docked tail length and nursery
stocking density on tail-biting behaviour and rectal prolapses. Due to the implications of
decreased vitality, isolated behaviour and reduced LBW piglet survivability, delaying processing
until d 3 for these piglets may be the most humane option. Additionally, vocalization data
suggests that ABW piglets may be less reactive to processing at d 1. When tail-biting occurs,
long-tailed pigs are most vulnerable to being bitten and receiving tissue damage as a result.
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Where the situation of tail-biting is severe, moderate stocking density (0.36 m2/pig) may not be
sufficient to ameliorate the situation, and housing at greater densities is likely to impact
productivity. The relationship between docked-tail length, tail-biting and rectal prolapses
requires further investigation. Until tail-biting is better understood and a more effective solution
found, the routine docking of tails remains the optimal method for balancing a situation with
enormous welfare-reducing potential.
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