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ABSTRACT: Tail-biting is an abnormal behavior of multifactorial origin, that consists a major problem in modern
pig industry. It has a serious impact on both welfare and health status of the pigs involved, as well as on economic
profitability of the farm. It is considered to be a problem of pig adaptation in poor environment triggered by a plethora
of external and internal risk factors interacting with each other. A great variation exists on prevalence of tail biting
between different studies across the world. Tail docking is the common practice applied by farmers to prevent this
behavior, while treatments are based on enrichment material provision. The aim of this review is to explore the most
recent literature on risk factors and impacts of tail biting and to discuss promising areas on early prediction and treat-
ment of the topic.
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INTRODUCTION
Tail biting is an abnormal behavior frequently oc-
curring in pigs compromising welfare, health and
economic gain in pig industry (Harley et al., 2014;
Larsen et al., 2019; Niemi et al., 2012). It had been
reported in pig farms since the 1950°s (Schrader-Pe-
tersen and Simonsen, 2001). However, it is generally
accepted that this abnormality became more severe
with the development of more intensive production
systems (Edwards, 2006). Although this type of be-
havior is reported in conventional and organic free-
range production systems (Kongsted and Serensen,
2017), surprisingly, it is not documented in other
non-domesticated Suids or Peccaries kept in captivity
or found in wild life (Taylor et al., 2010).

The prevalence of severe tail biting can be as high
as 3.1% (Van Staaveren et al., 2017b) while it may
reach up to 72.0% for mild lesions (Teixeira et al.,
2016). In general, abattoir data for tail biting cannot
easily help to identify its prevalence, as a standard
tail damage scoring system is lacking (Harley et al.,
2014; Keeling et al., 2012) and particularly a system
associating meat inspection with welfare (Harley et
al., 2012a; Vom Brocke et al., 2019).

This pattern of behavior may cause acute pain in
bitten pigs but also results in long-term consequences
such as secondary infections (Valros and Heinonen,
2015) leading to carcass abscesses (Heinonen et al.,
2010), respiratory organ inflammation (Munsterhjelm
et al., 2013) and lung pathologies (Kritas and Mor-
rison, 2007). Tail biting consists not only a welfare
problem for pigs receiving this behavior, due to the
pain caused, but is also an indication of decreased
welfare in pigs performing it, since the inadequacies
in their environment make them feel discomfort and
bite (Thodberg et al., 2018; Valros et al., 2015, 2004).

Although poor health status is considered a high-
risk factor for tail biting (European Food Security Au-
thority (EFSA), 2007), suboptimal health has not re-
ceived adequate attention so far (D’Eath et al., 2014;
Valros and Heinonen, 2015). More research is needed
on the possible correlations between pig health and
the expression of tail biting behavior (Munsterhjelm
et al., 2016; van Staaveren et al., 2016; Naya et al.,
2019a). Moreover, due to secondary infections, car-
casses from tail bitten pigs are trimmed or condemned
in abattoirs (Kritas and Morrison, 2007) reflecting a
direct economic loss of 1.10 Euro per pig (Harley et
al., 2014) while this amount is even higher if we con-
sider the indirect losses due to lower average daily

gain (ADGQG) that can come up to 3% (Sinisalo et al.,
2012).

Tail biting is known to be a multifactorial syndrome
which is related to internal risk factors influenced by
a great variety of external factors (Schreder-Petersen
and Simonsen, 2001). Although a lot of risk factors,
especially environmental, have been identified the ex-
act cause remains unknown (Sutherland and Tucker,
2011). As a consequence, tail biting outbreaks are dif-
ficult to be predicted and even more challenging to
understand their cause as several environmental and
husbandry factors associated with this behavior are
likely to be unknown at their exact magnitude. Even
under one roof where the same managerial practic-
es are implemented, tail biting is sporadic (Edwards,
2006; Sutherland and Tucker, 2011). Furthermore,
due to its multifactorial origin, this behavior is rare
not to be present in commercial farms (Thodberg et
al., 2018) leading farmers to routinely tail dock under
fear of economic losses and fear of losing control of
the situation (D’Eath et al., 2016). The existing per-
centages of tail docking over 95% in Europe (EFSA,
2007) indicates that 25 years after the first EU leg-
islation forbidding the procedure on routine basis,
there is an information gap in alternative steps that
farmers could adopt (D’Eath et al., 2016) while the
insufficiencies of current control methods is proven
by high prevalence’s of tail-docking (Harley et al.,
2012b). European Commission audits for tail dock-
ing in Germany and Denmark, both being the biggest
producers of pork in EU, report over 95% of pigs in
Germany and over 98.5% in Denmark are tail docked
(EU Commission, 2018). As no experimental curative
treatment has stopped 100% of tail biting outbreak
(Chou et al., 2019b; Zonderland et al., 2008), farmers
could benefit from research in the field of automated
monitoring of pigs’ behavior in order to predict such
outbreak (Niemi et al., 2012; Zonderland et al., 2016).

On the other hand, animal welfare is related to
ethics and also a point of concern for the public and
a part of EU values (European Commission, 2012).
Consequently, this is an important political issue both
at National and European level (Harley et al., 2014).
Moreover, successful implementation is conditioned
by knowing farmers perceptions (Kakanis et al.,
2019) and consumer willingness to pay a price pre-
mium for better animal welfare (Niemi et al., 2012;
D’Eath et al., 2016).

As a lot of research on tail biting is conducted
throughout Europe, this review aims at presenting the

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)



M. KAKANIS, E.N. SOSSIDOU, S.K. KRITAS, E. D. TZIKA

2631

main outcomes based on current literature, to pinpoint
the possible research gaps and highlight the potential
pathways for new research needed.

PREVALENCE

The percentage of tail bitten pigs in a given
population is used as the prevalence of tail bit-
ing in most studies although time should be also
incorporated (Taylor et al., 2010). There seems
to be an underestimation of tail biting lesion
prevalence in the official statistics as the Official
Veterinarians (OVs) record only the severe cas-
es (Keeling et al., 2012; Wallgren et al., 2019c¢)
and data should be used cautiously in order to
evaluate the tail biting incidence in farm (Lahr-
mann et al., 2017). Underestimation could also
be attributed to the high-speed lines of abattoirs
(Correia-Gomes et al., 2017). On the other side,
Wallgren et al. (2019¢) support that in countries
where farmers keep undocked pigs there could be
an overestimation of tail damage in abattoirs due
to other reasons, like tail necrosis due to toxins in
straw. Tail appearance is not always the best way
to quantify tail biting activity as under intact tails
severe histopathological reactions may be found
(Simonsen et al., 1991; Munsterhjelm et al.,
2013). Moreover, the standing point of the ob-
server in the abattoir plays a role in this discrep-
ancy between studies, as some do the scoring be-
fore scalding and dehairing (Keeling et al., 2012)
while others do it after them for better assessment
of the minor lesions (Harley et al., 2014) or of
every score of severity (Carroll et al., 2015). The
variation in abattoir studies is further amplified
by different scoring systems (van Staaveren et
al., 2016), ways of record keeping (Harley et al.,
2012b) and differences in estimation between in-
dividuals (Keeling et al., 2012).

Tail biting prevalence based on abattoir data,
can’t give an exact representation of the problem
on farm as it misses out those tail bitten pigs that
die due to severe lesions or euthanasia and lesions
that get healed (Marques et al., 2012; Harley et
al., 2012b; Lahrmann et al., 2017). Moreover,
docking practices could differentiate the preva-
lence, as pigs raised under welfare schemes have
more odds than conventional farmed pigs for tail

lesions, probably due to being undocked (Kongst-
ed and Serensen, 2017; Alban et al., 2015). Also,
increase of on farm prevalence could be expected
in countries where enrichment material is not a
prerequisite by legislation, as in USA (Li et. al.,
2017). In a registered based study performed by
Fertner et al. (2017), it was pinpointed that rela-
tively low prevalence in tail biting lesions could
be attributed to measures taken for the prevention
of tail biting. In addition, variation of prevalence
between farms (Becskei et al., 2018) is attributed
to some producers being more capable of keep-
ing pigs under optimum conditions thus avoiding
tail biting outbreaks (Van Staaveren et al., 2016).
This variation indicates the importance of farm
related risk factors (Valros et al., 2004) and em-
phasize the different conditions that exist in pig
farms around Europe (Wallgren et al., 2019b).

Overall, tail lesion prevalence may vary great-
ly between farms (Fertner et al., 2017; Van Staav-
eren et al., 2017a) abattoirs (Keeling et al., 2012)
and regions (Harley et al., 2012b). As the preva-
lence of this behavior is expected to increase if
the trend towards less docking continues in E.U.
(Keeling et al., 2012; D ‘Eath et al., 2016), it is
important to have a clear definition and standard
record practices in order to have reliable data
(Harley et al., 2012b). A summary of the most
recent studies data is shown in Table 1.

It is evident that the lack of a clear definition of tail
biting scoring system makes difficult the comparison
of the studies run among different countries. Tail bit-
ing research could benefit from incorporating scoring
in official veterinary duties, and thus an increased vol-
ume of data to become available. This will also allow
correlations between different welfare indicators in
slaughterhouse (e.g. hind-limb bursitis) to be made,
resulting in the establishment of a welfare indicator
system applied among all countries.

JHELLENIC VET MED SOC 2021, 72(1)
TIEKE 2021, 72(1)



2632

M. KAKANIS, E.N. SOSSIDOU, S.K. KRITAS, E. D. TZIKA

Table 1. Tail biting prevalence between different studies

Number DOCKED UNDOCKED Reference
COUNTRY DATE of pigs PLACE MILD* SEVERE** MILD* SEVERE**
FINLAND 2000 10852 ABBATOIR 34.60% 1.30% Valros et al., 2004
USA 2002 1895 FARM 16.30% 9.70% Kritas & Morrison, 2004
SWEDEN 2003 15068 ABBATOIR 7.00% 1.5%-1.9% Keeling et al., 2012
IRELAND 2010 35288 ABBATOIR 58.10% 1.03% Harley et al. 2012b
IRELAND 2012 3422  ABBATOIR 72.50% 2.50% Harley et al. 2014
IRELAND 2014 3889 ABBATOIR 30.80% 1.60% Carrol et al. 2015
ITALY 2014 128/320 FARM 3.60% Martino et al., 2015
DENMARK 2015 472 FARM 2.20% 0.00% 3.30% 2.40% Paoli et al.,2016
IRELAND 2012 3143 ABBATOIR 72.00% 2.30% Teixeira et al., 2016
IRELAND 2015 4491 ABBATOIR 7.30% 2.40% Staaveren et al., 2016
IRELAND 2014 13133 ABBATOIR 25.20% 3.10% Staaveren et al., 2017
DENMARK 2016 1624 FARM 49.00% Larsen et al., 2017
DENMARK 2015 962/960 FARM 0.00% 0.00% 23.00% Larhmann et al., 2017
USA 2016 120/120 FARM 42.50% 5.00% 59.20%  30.00% Lietal., 2017
GREECE 2017 461 ABBATOIR 46.42%*** Becskei Zolt, 2017

5 scale climax: 0=No evidence of tail biting 1= Healed of mild lesions 2=Evidence of chewing or puncture wounds, no
swelling 3= Evidence of chewing or puncture wounds with swelling and signs of infection 4=Partial or total loss of the

tail

3 scale climax : 0= No visible tail lesion. Earlier lesion is healed 1= Tail appears red and/or has minor scratches 2=

Visible wound with obvious tissue damage

*Mild: Tail biting lesions of score 1 and 2 in a 5-scale climax or 1 in a three-scale climax.
**Severe: Tail biting lesions of score 3 and 4 in a 5-scale climax or 2 in a three-scale climax.

*** Mild & Severe tail biting lesions

TAIL BITING IMPACT ON PIG HEALTH
AND WELFARE

Pigs that are tail bitten feel acute pain meaning
lower welfare but also later they might develop health
problems through infection of the biting wound (Val-
ros, 2017). Wallenbeck and Keeling (2013) found that
pigs that are mostly tail bitten (victims) had lower dai-
ly feed consumption up to 2 weeks after a tail biting
outbreak while Munsterhjelm et al. (2015) reports re-
duced feed intake for even 20 days before becoming
a victim and additionally suggest that feed intake on
day O of tail biting could be used as predictor of re-
covery. Li et al. (2017) didn’t observe any differences
in body weight (BW) between tail biters and victims
although they recorded reduced ADG in the period of
production when most of the tail biting outbreaks oc-
curred.

Victim pigs have a lower ADG (Marques et al.,
2012; van Staaveren et al., 2017b) up to 3% although
the latter is not correlated with feed conversion ratio
(Sinisalo et al., 2012). Marques et al. (2012) explained
this reduction by means of stress, secondary effects

or lower feed intake. A correlation between high per-
centage of tail lesions and lower ADG has been found
also at farm level (Pandolfi et al., 2018).

The infection from tail wound due to tail biting
can spread through the body and lead to secondary
infection to different organs (Schreder-Petersen and
Simonsen, 2001). Pigs with severe tail lesions present
more often locomotion disorders and a higher mortal-
ity rate (Marques et al., 2012). In their epidemiologi-
cal study, Pandolfi et al. (2018) reported a correlation
between tail bitten pigs and hepatic scaring. Tail bit-
ten pigs have more abscesses in lungs and at vertebral
column (Marques et al., 2012). Table 2 presents the
major outcome of tail biting on health of pigs as re-
ported by previous research efforts.

The lack of available data on the topic, reveals the
need for further research to investigate the link be-
tween tail biting and health status of the animal on a
cause and effect basis. Moreover, the overall mortality
on farm due to tail biting should be quantified to com-
plete the record of tail biting effect.

JHELLENIC VET MED SOC 2021, 72(1)
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Table 2. Major outcomes of tail biting on health of pigs

Main outcomes

Reference

Tail lesions increases the risk of carcass condemnation mainly due to abscesses and
arthritis.

Healed tail damage also increases the risk significantly.

The severity of tail biting is associated with the presence of pleuritis and lung
abscesses.

There are significant association between the severity of tail-biting and external
carcass abscesses.

Along with suboptimal production systems, tail biting wounds can increase the risk
of disease and injury lesions in pigs sent for slaughter.

In addition to an increased mortality rate, tail biting is associated with locomotion
disorders and with the presence of abscesses at vertebral column, inguinal area and

Valros et al. (2004)

Kritas and Morrison. (2007)

Harley et al. (2012b)

Marques et al. (2012)

lungs.

The average daily gain of tail biting victims is reduced by 1 to 3%.
Pigs with tail injuries due to tail biting consume decreased amounts of feed.
Prevalence of severe tail lesions is associated with the prevalence of enzootic

pneumonia-like lesions and pyaemia.

Pigs with severe tail lesions tend to have more severe pleurisy where the lungs

Sinisalo et al. (2012)
Wallenbeck and Keeling. (2013)
Pandolfi et al. (2018)

Staaveren et al. (2016)

remained attached to the chest wall than pigs with moderate tail lesions.

Severe tail lesions are correlated with a lower average daily gain

Staaveren et al. (2017)

TAIL BITING IMPACT ON FARM
ECONOMY

Financial losses due to tail biting are significant
and a constant threat for a pig farm (Harley et al.,
2014). The cost of tail biting for a finishing farm of
4,000 pigs is estimated to be at 2,383 Euro per year
(Zonderland et al., 2011c). In their study, Harley et al.
(2014) estimated the profit loss per pig at 0.59 Euro
considering only carcass reduced weight, while this
amount goes up to 1.69 Euro when carcass condem-
nations, trimmings and smaller carcass weight are
considered.

The risk of carcass condemnation has been pos-
itively correlated with the severity of tail lesion
(Marques et al., 2012; Harley et al., 2014) while even
healed lesions raise the above risk significantly (Val-
ros et al., 2004). This positive association exists also
between tail lesions severity and carcass trimmings
(Harley et al., 2014; Kritas and Morrison, 2007).
Moreover, tail lesions have a negative correlation
with carcass weight (Harley et al. 2014; Carroll et al.,
2015) while Valros et al. (2013) suggest that due to
lower carcass weight they produce less lean meat.

Indirect economic losses have also to be estimated
due to possible morbidity and mortality such as drug
use for treatment of tail bitten pigs and increased labor
costs (Marques et al., 2012). In a simulation study, the
cost per tail bitten pig in a pen was estimated at 18.96

Euro due to increased medicine, veterinary, labor and
material costs, increased mortality, carcass disposal
and carcass condemnations, reduced daily gain and
extra feed consumption (D’Eath et al., 2016).

On the economic impact of tail biting, it seems that
farmers will treat tail biting in time if they are aware
of the impact on their income. Thus, there is a need
for more studies in the correlation between tail biting
and production loss. Studies should quantify and take
into account all the possible factors tail biting lesions
affect the farmers’ revenue.

BEHAVIORAL BASIS OF PIG TAIL BITING

Due to its sporadic and unpredictable presen-
tation tail biting behavior is hard to be studied.
The associations between tail damage and other
lesions could be explained by shared risk factors
(Teixeira et al., 2016), let alone the weakness
of experimental studies to provoke it (Edwards,
2006; D ’Eath et al., 2014) and the fact that treat-
ments that work once maybe proven useless to
another outbreak (Hunter et al., 2001).

Three distinct types of tail biting have been
proposed (Taylor et al., 2010): a) Two stage: a
pre-injury one followed by an injurious one, b)
sudden-forceful, and c) obsessive, based on a

JHELLENIC VET MED SOC 2021, 72(1)
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different motivation basis. Later studies seem to
support the different motivation (Ursinus et al.,
2014a,2014c). The three types could be prevent-
ed by the identification of the different factors that
are more usually involved to each type. Not all
tail bites result in a tail biting outbreak (Holling
etal.,2017; Lahrmann et al., 2018b). In most cas-
es however, finding the pathway of actions that
each risk factor triggers the processes that control
tail biting expression is very difficult (Brunberg
et al., 2016; D’Eath et al., 2016). Some studies
are categorizing pigs as ‘tail-biters’ that do most
of the biting, ‘victims’ who receive most of the
bites and ‘neutrals’ that neither perform nor re-
ceive (Zonderland et al., 2011b; Brunberg et al.,
2011) in order to find distinctive characteristics of
pig behavior. In addition, Ursinus et al. (2014a)
suggest that while there is an inconsistency in
tail biting behavior by tail biters through rearing
phases, victims seem to stay victims throughout
their lives.

According to Valros et al. (2015) tail biters
have differences in certain neurotransmitter’s
metabolism, dopamine and serotonin, in differ-
ent brain areas than victims, indicating different
ways of coping with stress between these two be-
havioral phenotypes. In addition, Brunberg et al.,
2013 who reported differences in gene expression
in the hypothalamus and prefrontal cortex among
tail biters, receivers and neutral pigs suggested
that pigs perform more pig-directed abnormal
behavior due to selection for better production
traits. Ursinus et al. (2014c) support that tail bit-
ers in enriched pens may be motivated by unsatis-
fied high nutrition demands while in barren pens
(pens without enrichment material) this behavior
could be associated with boredom. Brunberg et
al. (2016) suggested a possible mechanism for
tail biting behavior that includes gut microbiota,
the immune system, hypothalamic-pituitary-ad-
renal (HPA)-axis reactivity, and the ability to
cope with challenges. More specifically, insuffi-
cient ingredients in feed provoke a response from
the stress-related HPA-axis and consequently the
immune system, altering this way the individu-
al’s behavior. Preweaning behavior seems to cor-
relate with tail biting behavior later in life (Ursi-

nus et al., 2014a).

On the behavioral basis of tail biting, studies
focus on three possible phenotypes in pig level:
the biter, the victim and the neutral. Molecular
studies should also be performed to help the early
diagnosis of the biter. Comparison in genes ex-
pressions of these three phenotypes could reveal
new characteristics of the different phenotypes.

RISK FACTORS FOR PIG TAIL BITING

Most of the studies on risk factors focused on the
use of environmental enrichment are experimental
while studies focused on farm conditions, health sta-
tus and feeding are based mainly on epidemiological
data (Valros et al., 2016). Table 3 presents the main
results of studies on main risk factors for pig’s tail
biting.

On a breed basis, Breuer et al., (2005) found
tail biting to be heritable in Landrace breed but not
in Large White breed. Moreover, above-mentioned
authors concluded that in the Landrace population,
tail-biting was unfavorably genetically correlated
with leanness (lean tissue growth rate) and back fat
thickness at 90 kg. A link between production traits
(fat content) and both performing and receiving tail
biting, as well as other pig-directed abnormal behav-
iors, was also confirmed by Brunberg et al. (2013)
meaning that the genetic background has to be taken
into account when dealing with tail biting (Bulens et
al., 2018). Furthermore, (Sinisalo et al., 2012) indi-
cated that Yorkshire breed is more susceptible to be-
come victim than Landrace breed. Taylor et al. (2010)
suggests it is better to look in strains or lines inside a
breed for tail biting correlations while D *Eath et al.
(2014) support that the evidence for a breed predis-
posal to be a victim or a biter is quite weak.

The relationship between health and biting behav-
ior is complex and thus difficult to be established in a
cause and effect way (Munsterhjelm et al., 2017; Van
Der Meer et al., 2017) and there is no clear proof of
evidence until now (Munsterhjelm et al., 2019). Tail
biting has been positively associated with respiratory
diseases and greater mortality on farm (Moinard et
al., 2003). Pleuritis and lung abscesses are correlat-
ed with severe tail biting but not enzootic pneumonia
(EP) (Kritas and Morrison, 2007) although an associ-
ation with EP-like lesions has been reported in an ep-
idemiological study (Pandolfi et al., 2018). Moreover,
pigs from batches with higher tail lesions had high
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prevalence of pleurisy, pneumonia and pleuropneu-
monia supporting the association between poor health
and poor welfare on farm (Teixeira et al., 2016). On
the contrary, van Staaveren et al., (2016) established
this association only for severe pleurisy where lungs
are attached to chest wall. A connection between in-
fected tail lesions and respiratory organ inflammation
has also been shown by (Munsterhjelm et al., 2013)
who also suggested that tail biting behavior can be
induced by a combination of individual factors and
disease.

Additionally, it has been shown that tail biting vic-
tims have higher concentration of Acute phase pro-
teins (APPs) triggering this way an acute phase re-
sponse and the creation of abscesses (Heinonen et al.,
2010) while Ursinus et al. (2014b), who found lower
blood serotonin in tail biters, suggest that fluctuations

of serotonergic measures and tail biting behavior over
rearing phases should be taking into account before
characterizing individual pigs. In addition, Li et al.
(2017) observed higher concentrations of total serum
protein and IgG in victim pigs 5 days after tail biting
outbreak suggesting inflammation while the lower
IgG and serum proteins concentrations of tail biters
could indicate a possible compromised immune func-
tion due to chronic stress. In addition, it is suggested
that living in a tail biting pen affects some physiologi-
cal parameters of pigs (Palander et al., 2013). Further-
more, Munsterhjelm et al. (2019) suggested that pens
with sick pigs are more in danger to show tail biting
after the sick pigs have recovered than in the acute
phase while there is an indication of correlation of
specific cytokines with behaviors characterizing tail
biters (Munsterhjelm et al., 2017).

Table 3. Studies on main risk factors for pig’s tail biting and their results.

Risk Factor Materials Age D/I  Sex Results Reference
ENRICHMENT Easyfix® floor toy W-G-F 1  Mx The types of enrichment provided Chou et al

for weaners and a over time doesn’t significantly reduce (2019a)
Piglyx® lick block for tail damage or tail directed behavior
finishers- (TDB).
Floor toy-Wood post- Pigs have preferences for certain en-
Hanging wood-Loose richment materials, it is important to
material in long rack- consider enrichment characteristics,
Fabric-Hanging chew presentation, location, and mainte-
toy-Loose material in nance when providing enrichment.
container
Straw (7 g/pig/day) w I Mxc Providing additional straw on the Lahrmann et al
Bite-Rite floor during a tail biting outbreak (2019)
Rope reduced the risk of an escalation in

tail damage more effectively than

providing a Bite-Rite,

Bite-Rite cannot keep pigs interested

in very long and it should be com-

bined or rotated with other materials

to successfully stop tail biting.
Straw (7 g/pig/day) w I Mxc Tail biting outbreaks can in many Lahrmann et al
Haylage (22 g/pig/ cases be prevented by giving the pigs (2018)
day) access to extra enrichment material,
Rope when the first minor tail damage is

noticed
Not every case of tail biting behavior
escalate into a tail biting outbreak

JHELLENIC VET MED SOC 2021, 72(1)
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HEALTH

Hanging toy Straw
blocks

Hiding wall

Pigs predisposed to
better carcass traits
vs. pigs predisposed
to better growth

Wood

Tail docking at %>
Straw (150gr/pig/day)
Stocking density
(S.D.)

0,73m?*/pig -1,21 m?
/pig

Jute sack

Straw

G-F

I

sesksk

Mxc

G-F D/ Mxc

G

1 F
D/I Mc/F
I Mc/F

Pigs with intact tails have higher
daily weight gains in enriched pens
when hiding walls and straw dispens-
ers are provided. Genetic background
should be considered when investi-
gating the cause of tail-biting out-
breaks and when evaluating the effect
of enrichment on tail biting.

A wooden stick close to the feeder

is associated with more exploratory
behavior in growing female pigs
compared with a similar stick placed
opposite to the feeder,

Novelty of enrichment material plays
a significant role.

Incidences of first tail damage mainly
in week 1 and in the first half of the
finisher period.

Tail docking is more successful
preventive measure than provision of
straw.

Combination of straw provision and
lower stocking density is as preven-
tive as tail docking

The provision of a jute sack can
reduce tail-biting behavior of gilts
directed to pen mates by up to half
as much compared to gilts kept in
barren pens.

For tail biting boredom rather than a
metabolic motivation plays the larg-
est role in pigs kept in barren pens.
Displaying high levels of tail-bit-

ing behavior is generally related to
displaying higher levels of all kinds
of biting behavior, a relatively high
(phenotypic and possibly genotypic)
growth, and originating from a large
litter.

Straw is an important tool in both
increasing explorative behavior and
preventing biting and lesions, partic-
ularly in the early stage of fattening.
Tail biting represents an issue for
heavy pigs as for standard rearing
weights.

Tail biting induces inflammation

in the tail end leading to a strong
systemic acute phase response and
formation of abscesses in the carcass
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GENDER

GROUP

HOUSING

STOCKING
DENSITY

Solid floor area:1/3-
2/3 S.D.:0.7m?/p-
0.89m?/p

Group Size:15p-12p
Straw: Floor-Rack

Solid floor area:1/3-
2/3 S.D.:0.77m?/p-
1.00m?*/p

Group Size:15p-12p
Straw: Floor-Rack

G

P-W-

G-F

G-F

G-F

G-F

sk ok F

1 Mxc

I Mc/F

I Mc/F

I MuF
Mx
D Mxc
I Mxc
I Mxc
I Mxc

Recovered animals from sickness
may have an increased propensity to
become tail biters.

Increased attention towards a sick an-
imal by penmates, may increase the
risk for the sick individual to become
a victim of tail biting.

The pen-level risk for tail biting may
be higher after a bout of illness in the
group than during the acute stage.
Within specific phases of life, tail bit-
ers and to a lesser extent also victims
have lower levels of blood serotonin
compared to non-performers/receiv-
ers.

Tail biters also seems to have higher
blood platelet uptake velocities.

No associations between health status
and tail-biting activity.

Being a victim of tail biting is associ-
ated with severe inflammatory lesions
in the respiratory organs.

Deep infections may exist under
healthy skin in bitten tails

Free access feeding with restrict-

ed feeding space, compared with
feeding twice a day with unrestricted
feeding space was associated with

an overall reduction in EAA levels

in blood and deepened crypts in the
jejunum. The observed differences
differ according to the behavioral role
of pigs (Biter, victim, neutral) in a
tail-biting pen during the outbreak.
Female piglets are more likely to tail
bite than male piglets

Barrows have 2.6-fold higher odds to
be bitten compared to gilts.

Victim pigs are smaller in size.

No clear results of group housing
before weaning and a prolongation of
the suckling period from four to five
weeks on tail biting.

Increased space allowance + in-
creased area of solid flooring+ straw
allocated onto the floor + reduced
group size= lower tail damage +ten-
dency for more tail-directed behavior.

No difference in tail directed behav-
ior in pens with fewer pigs, a higher
space allowance per pig and a larger
area of solid floor.
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W D/ *** Higher prevalence of tail lesions in Grumpel et al.
undocked weaner pigs (2018)
Higher prevalence of tail lesions
when <7.5 litters are mixed at wean-
ing
In docked pigs lower prevalence of
tail lesions in pens with lower stock-

ing density
MIXING \% I  Mx No direct effect of mixing animals at Veit et al.
weaning on tail-biting at rearing. (2017)
TAIL W D/ Mxc Tail docking may be more effective Paoli et al.
DOCKING because pigs are able to perform (2016)

more damaging bites to intact tails
because they are longer, so pigs are
able to hold them across the mouth
and crush them with the premolar
teeth, which is not possible for the

shorter docked tails.
W-G-F D/I Mc/F In arearing cycle prolonged up to Martino et al.
40 weeks of age, the presence of (2015)

intact tails causes higher levels of tail
lesions but not a generalized welfare

endangerment
W-G-F D/ Mxc Tail lesions are more prevalent Lahrmann et al.
among 30 to 60 kg pigs than in the (2017)

late finishing period (60 to 90 kg).
Recordings from abattoir routine
meat inspection when used to eval-
uate the level of tail biting in a herd,
highly underestimates the number of

bitten pigs.

G-F D/ Mxc Pigs with short docking length ma- Thodberg et al.
nipulates pen mates’ tail less com- (2018)
pared with pigs with longest docked
tails

Pigs with short docking length have
a lower risk of a tail biting outbreak
compared with undocked pigs .

GENETICS W-G-F I Mu/F Landrace tends to show a higher Breuer et al.
prevalence of tail-biting than Large (2005)
White under the same farm condi-
tions.

The heritability of tail biting in Land-
race is correlated to two key perfor-
mance parameters, lean tissue growth
rate and back fat thickness.

G-F I  Mx Selection on production traits, espe-  Brunberg et. al.
cially those related to meat/fat ratios, (2013a)
has contributed to the development
of pigs that are more vulnerable to
become performers and victims of
tail biting behaviors.

The development of abnormal
behaviors may be influenced by the
dopaminergic system.
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G-F I

FEED P-w- 1

G-F

P-W- 1
G-F

Genes differently expressed in neutral Brunberg et. al.
pigs are associated with the cause, (2013b)
rather than the consequence, of them
not performing and receiving tail
biting.

Given similar physical environmental
conditions, whether an individual
becomes a tail biter, has its tail bitten
or remains neutral to a tail biting
outbreak, is related to how much

its behavior is targeted towards pen
mates. Neutral pigs are less pig-di-
rected in their behavior

No distinct effect of a higher content
of fibre in the piglet diet on tail biting
in growing pigs.

Provision of raw material through life
reduces occurrence of tail biting but
doesn’t prevent it.

Naya et al.
(2019b)

Veit et al.
(2016)

Production Stage: P=Piglets (0-4weeks), W=Weaners (4-9 weeks), G=Growers (10-17 weeks),F=Finishers( 17-Abbatoir)
I=Intact tail (Not docked), D=Docked tail (at first week of life)

Sex: Mx (Mixed group of uncastrated males and females) Mxc (Mixed group of castrated males and females) Mc/
F(Single sex group MaleCastrated/Female), Mu/F(Single sex group MaleUncastrated/Female)

*** Not Reported

Tail biting is increasing with time starting main-
ly at two weeks after weaning (Veit et al., 2017) in-
dependent of the weaning age (Naya et al., 2019b),
although Ursinus et al. (2014a) reported tail damage
even at preweaning phase. Severe tail lesions are re-
corded in pigs aged 10 weeks (Carroll et al., 2018) or
more (van Staaveren et al., 2018; Scollo et al., 2016)
probably as damage is accumulated over time (Haigh
et al., 2019; Chou et al., 2019a). On the other side,
some authors report a decrease in tail lesions during
the fattening cycle (Vermeer et al., 2017) even in pigs
with a prolonged fattening cycle reared in intensive
production (Scollo et al., 2013).

Gender is considered to be a risk factor for tail
damage as castrated male pigs tend to have more
tail biting lesions than gilts (Valros et al., 2004; Kri-
tas and Morrison, 2004, 2007) and these lesions are
more likely to be severe in mixed groups (Keeling et
al., 2012). Similar findings regarding frequency and
severity of tail lesions apply also to entire male pigs
(Harley et al., 2014; van Staaveren et al., 2016; Cal-
deron Diaz et al., 2017). In single sex groups, a higher
frequency of biting behavior in females compared to
males has been documented in weaners (Zonderland
et al., 2010) and later in finishers (Haigh et al., 2019)
while the same goes for castrated males and females

(Kritas and Morrisson, 2004; Li et al., 2017).

Climate in the barn (temperature, gas, dust) keep-
ing constantly out of the comfort zone could act as
stressor that create discomfort and chronic stress to
the animal leading to tail biting outbreaks (Taylor et
al., 2010; Schreder-Petersen and Simonsen, 2001).
The same applies for great fluctuations in temperature
during the day at certain times of the year or intense
draughts as the capacity of the ventilation/heating/
cooling systems is not limitless (D’Eath et al., 2014).
In an epidemiological study in intensive pig produc-
tion from weaning to 170 Kg live weight (Scollo et
al., 2016) found poor air quality (as perceived by the
author) to be a significant factor for tail biting.

Slatted floors are considered to be an important
risk factor for tail biting outbreaks both in weaning
and fattening phase of production (Schrader-Petersen
and Simonsen, 2001; Moinard et al., 2003; Van De
Weerd et al., 2005). An increase in internal biosecuri-
ty has been positively associated with a reduction in
tail biting (Pandolfi et al., 2018).

Up to some extend bigger herd size farms have
lower risk of moderate tail lesions (van Staaveren et
al., 2016) while tail biting sequelae (osteomyelitis and
hind abscesses) have also low occurrence (Fertner
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et al., 2017). On the contrary, Harley et al. (2012b)
suggested that risk of injury and illness in animals in
large herds is bigger than small herds based on an as-
sociation of batch size and carcass condemnations at
slaughterhouse while Scollo et al. (2017) are indicat-
ing that middle size farms seem to be more in danger
of tail biting as big farms have good level of automa-
tion and small ones good stockman per pig analogy.

High stocking density is associated with the risk
of tail biting as it interrupts normal social interactions
(Moinard et al., 2003). Surprisingly, stocking density
and group size as risk factors are not well documented
in experimental studies (D’Eath et al., 2014) and avail-
able studies are not conclusive for the effect of group
size in negative social behavior (Averds et al., 2010;
Sutherland and Tucker, 2011). Tail lesions have been
associated with high stocking density (Griimpel et al.,
2018) and pens with more than 30 pigs (Pandolfi et
al., 2018). However, Klaaborg et al. (2019) found no
effect of bigger space allowance on pen mate directed
behavior and Meyer-Hamme et al., (2016) didn’t con-
sider group size as a risk factor in tail docked pigs.
We have to consider that in most studies is difficult to
differentiate space allowance and group size as they
are confounded (Klaaborg et al., 2019) while there are
interactions with other factors. According to Averos
et al. (2010) the positive effect of increased space al-
lowance is conditioned to the provision of enrichment
material.

Although EFSA (2007) considers mixing of pig-
lets to be a risk factor, Veit et al. (2017) indicated that
there is no direct effect between mixing and tail biting
at rearing period while Griimpel et al. (2018) found
more tail lesions in farms that mixed less than 7.5 lit-
ters. In addition, Li et al. (2018) suggested that pigs
from same litter could be predisposed to tail biting as
they are less socially connected.

Enrichment material in pig’s pen play a vital role
in controlling tail biting (Schreder-Petersen and Si-
monsen, 2001) although they cannot eliminate it (Ur-
sinus et al., 2014c) as the genetic predisposition to tail
bite remains (Camerlink et al., 2014). This material
has to be economic, labor not intensive and durable in
order for farmers to adopt it (van de Weerd and Day.,
2009; Chou et al., 2018). According to Commission
recommendation EU 2016/336, the optimum enrich-
ment material is described as: edible, chewable, in-
vestigable and manipulable (EU Commission, 2016).

Straw as a bedding material allows pigs to express

their species-specific behavior (van de Weerd and
Day., 2009) reduces tail biting prevalence (van de
Weerd et al., 2005; Wallgren et al., 2019b) and keeps
pig more occupied than plastic objects (Scott et al.,
2009). The most serious problem about enrichment
material given as a bedding is the possible blockage
of the slurry system (Zonderland et al., 2008; D *Eath
et al., 2014; Lahrmann et al., 2018b) but also prob-
lems with availability (Wallgren et al., 2019b) my-
cotoxins ingestion (Nordkvist and Haggblom, 2014)
and biosecurity in times of African Swine Fever have
to be considered (Wallgren et al., 2019c). Straw ef-
fectiveness as environmental enrichment is decreased
when given in other ways (Zonderland et al., 2008) or
forms (Haigh et al., 2019) and when provided through
dispensers doesn’t totally prevent tail biting (Holling
et al., 2017) but still remains better than toys (Bulens
et al., 2018).

Although chains are considered of marginal inter-
est and must be accompanied by an optimal or subop-
timal enrichment material (Commission Recommen-
dation (EU) 2016/336) still are the main enrichment
provided (Bracke et al., 2013; Valros et al., 2016), es-
pecially in countries that don’t use straw (Bracke and
Koene, 2019). The value of chains as enrichment ma-
terial is the lowest comparing to hard wood or plastic
(Boyle et al., 2019) or freshly cut wood (Telkénranta
et al., 2014) and doesn’t seem to have an effect on tail
biting prevalence (Buijs and Muns, 2019). However,
it could benefit from a new design of branched ends
(Bracke, 2017). Dry wood keeps the interest of pigs
more than plastic “toys” (Beaudoin et al., 2019) al-
though type of wood seems to have no differences in
efficacy (Chou et al., 2018).

Object manipulation is affected by space, other
enrichment materials offered to pigs, (Larsen et al.,
2019; van de Weerd et al., 2009) and the position of
it (Scott et al., 2009; Larsen et al., 2019; Dalmau et
al., 2019). Object manipulation diminishes by time as
pigs become habituated to them and as aging changes
their choices (Trickett et al., 2009; van de Weerd et
al., 2009; Dalmau et al., 2019) while the variation of
enrichment materials does not seem to have a signifi-
cant effect in reducing tail biting severity (Chou et al.,
2019a). Cleanliness plays a role (Averos et al., 2010)
but everyday cleaning or replacement doesn’t seem
to have an effect on attractiveness for short periods
(Beaudoin et al., 2019).

Although a lot of research is ongoing in enrich-
ment material and its efficacy on preventing tail bit-
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ing there is no consensus between experts on what is
acceptable enrichment (Scott et al., 2009; Bracke and
Koene, 2019; Briyne et al., 2018) nor does legisla-
tion helps competent authorities assess the degree that
this need is fulfilled (Weerd et al., 2009; Wallgren et
al., 2019c). Except materials used as beddings, only a
combination of other enrichment could possibly com-
ply with EU criteria (Buis and Muns, 2019) whereas
the kind of environmental enrichment a farmer uses
as preventive measure, could indicate the efficiency
of management (Boyle et al., 2019)

Variations and delays in feeding time pose a risk
for tail-biting (Scollo et al., 2017). Also feed type
plays a role as there is higher prevalence of tail bit-
ing when pigs are fed liquid (Pandolfi et al., 2017)
or pellets (Hunter et al., 2001) than meal. Moreover,
artificially fed piglets show more tail lesions than pig-
lets that are fed by a sow (Schmitt et al., 2019) while
restricted feeding space is suggested to be associated
with a reduction of amino acids in blood of victims
and control pigs due to stressful environment or be-
cause they can’t access as successfully as tail biters
the feeder (Palander et al., 2013). The external factors
that affect pig behavior have been widely investigat-
ed, however, the research is still in need of studies for
identification of internal factors, including health and
genetics, and their impact on pig behavior.

PREVENTION AND TREATMENT

It’s been over 25 years since the first EU legisla-
tion (EU Council Directive, 91/630/EEC) prohibited
tail docking on a routine basis (Nalon and De Briyne,
2019). However, even though a new directive came in
force in 2008 (EU Council Directive, 2008/120/EC),
this practice is still the most widely preventive mea-
sure against tail biting used by up to 95% of farms
in Europe (EFSA, 2007; EU Commission, 2018). The
Directive itself leaves enough place for misinterpre-
tation by Competent Authorities in Member States
(D’Eath et al., 2016). The high prevalence of tail
docking indicates a serious and chronic problem of
tail biting in pig farming (Harley et al., 2012b) as it is
used to conceal other welfare problems (Zonderland
et al., 2008; D’Eath et al., 2016).

The equipment used for tail docking in pigs in-
cludes teeth clippers, cutting pliers, scissors, a scalpel
blade, gas or electrical cautery iron while the length
of the remaining part of the tail varies among different
countries (Sutherland and Tucker, 2011). Moreover,
Thodberg et al. (2018) demonstrated that leaving a

very short tail lowers the risk of tail biting outbreak in
comparison not only with undocked tails but also to
tails with a longer remnant.

Pigs that are tail docked have lower incidence
and severity of tail lesions compared to intact ones
in weaner (Fu et al., 2018; Griimpel et al. 2018) and
finisher phase of production (Di Martino et al., 2015;
Li et al. 2017; Lahrmann et al. 2017). However, there
is no clear explanation why tail docking reduces tail
biting (Paoli et al., 2016; Valros, 2017; Griimpel et
al., 2018). Simonsen et al. (1991) suggested that for-
mation of neuromas in tail tip could lead to hypersen-
sitivity or another explanation could be that the hairy
intact tail remains more attractive to bite. However,
there is the idea that the shorter the tail the less time
will a pig be bitten (Harley et al., 2012b). Paoli et al.
(2016) suggest that the longer the tail the more pow-
erful the grasp of the tail by the biter as he demon-
strates that pigs with intact tails don’t show more tail
directed behavior than the docked ones. This finding
is inconsistent with the results of Thodberg et al.
(2018) who support that pigs with short docked tails
manipulate other pigs’ tails less in comparisons with
undocked, while tail docking doesn’t seem to alter the
social functions of finisher pigs.

Tail docking has an acute impact on the welfare
of the pig due to pain demonstrated by histopatho-
logical studies (Simonsen et al., 1991) and by behav-
ioral studies (Sutherland and Tucker, 2011). At the
long term, in the site of amputation, there is possible
neuroma development (Herskin et al., 2015) that still
goes on even 16 weeks after (Sandercock et al., 2016)
and is accompanied with significant changes in gene
expression linked with possible chronic pain in the
tail stump (Sandercock et al., 2019). It is generally
accepted that tail docking reduces the incidents of tail
biting (Kakanis et al., 2019; Bracke et al., 2013; Val-
ros et al., 2016), but it cannot eliminate the problem
(Li et al., 2017; Larsen 2018a) especially when envi-
ronmental conditions remain the same (EFSA, 2007;
Thodberg et al. 2018).

On the other hand, there are not so many studies
to offer effective treatments of tail biting (Zonderland
et al., 2008; Chou et al., 2019b) although straw pro-
vision is the most successful (Lahrmann et al., 2019).
Allocating extra manipulable material early can pre-
vent a tail biting outbreak (Zonderland et al., 2008;
Lahrmann et al., 2018b). The biters/victim’s ratio
seems to play more important role to the success of
a treatment than the method selected but no real dif-
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ferences were found between removing the biter or
the victim for an outbreak stop (Chou et al., 2019b)
although Zonderland et al. (2011a) suggested is better
to remove the biter than the victim. Experimental cu-
rative treatment of removing pigs (biters or victims)
or adding enrichment material (straw or ropes) hasn’t
stopped 100% of tail biting (Zonderland et al., 2008;
Chou et al., 2019b).

Tail docking is still perceived by many farmers to
be the only way to deal with the problem even though
it is not permitted by legislation. Research should be
driven to identify successful prevention and treatment
schemes. Moreover, as strategies are implemented on
a farm basis approach, those schemes should be diver-
sified between different countries and farming system
to be effectively adopted by farmers.

PREDICTION OF PIG TAIL BITING

Today the EU regulation 2008/120 EC requires
that staff do inspect the pigs at least once a day. Tail
biting behavior is difficult to follow due to the sporad-
ic nature of outbreaks (Statham et al., 2009), the diur-
nal pattern of behaviors (Domun et al., 2019; Chou et
al., 2019b) and small changes in early predictors that
are difficult to be detected by caretakers daily (Wedin
et al., 2018). The ability to automatically detect and
track individual pigs without the need for human ob-
servation could help in early detection of potential
welfare problems (Zhang et al., 2019) and could help
develop on farm strategies to reduce tail biting out-
breaks (Zonderland et al., 2011b). Precision livestock
farming techniques, besides the disadvantages of
cost and technical challenges, gives the opportunity
to farmers to go from group level to individual level
welfare (Benjamin et al., 2019).

Back to 1969, van Putten et al. concluded that tail is
an indicator of unpleasant surroundings. Tail posture
seems to be correlated with tail biting (Schreder-Pe-
tersen and Simonsen 2001). Statham et al. (2009)
found evidence that before an outbreak occurs there
are more pigs with tails tucked under. Zonderland et
al. (2009) also found that piglets who had their tail be-
tween their legs had significantly higher possibility to
have tail damage 2-3 days afterwards even though at
that moment they didn’t have any, while the number
of pigs with lowered tails is increasing in pens towards
day 0 of the outbreak (Lahrmann et al., 2018a; Wedin
et al., 2018). D’Eath et al. (2018) using 3D cameras
also found lowered tail posture in pen level as far as 2
weeks prior to a tail biting outbreak and interestingly

the same effect even 2 weeks post outbreak although
they comment that each pen has its own baseline of
low posture tails. At pig level, a hanging tail is cor-
related positively with having a lesion (Larsen et al.,
2018b; D ’Eath et al., 2018; Wallgren et al., 2019a)
although we must take into account tail posture in re-
lation to different activities and emotions expressed
by pigs (Wallgren et al., 2019a) or the diurnal pattern
of pig behavior (Larsen et al., 2019) in order to use it
as an early predictor.

Except tail posture, a higher level of pen activi-
ty days prior to a tail biting outbreak (Statham et al.,
2009; Zonderland et al., 2011b; Ursinus et al., 2014a;
Larsen et al., 2019) object manipulation (Ursinus et
al.,2014a; Larsen et al., 2019) as well as a lower feed-
ing frequency at pen level (Wallenbeck and Keeling,
2013) could be used as early behavioral indicators of
tail biting outbreaks. There are indications that these
differences in activity could be attributed to different
phenotypes of pigs categorized by their tail in mouth
behavior as performers, receivers or neutral but also
that a pen level threshold exists (Munsterhjelm et al.,
2016).

The advances in technology have helped to
better understand the behavioral patterns of pigs.
Precision livestock farming studies are already
being performed for a number of production
characteristics and behaviors, including tail bit-
ing. This kind of studies should be focused on
early diagnosis of tail biting outbreaks and inter-
estingly on a pig level of recognizing the possible
biter.

POLICY MEASURES TO ADDRESS PIG
TAIL BITING

EU as a major pig exporter has set high standards
of welfare driving the trends in pig welfare worldwide
while they do not seem to have a significant effect
on competitiveness (Nalon and Briyne, 2019). More
research is needed in order to get away of amputa-
tion methods towards a sustainable pig production in
welfare aspects (Larsen et al., 2018a). As welfare pol-
icy is mainly considered to be driven by views of the
non-producers public, farmers’ concerns should be
taken into account (Spooner et al., 2014) even though
it seems to differ across countries (Valros et al., 2016).
This is especially important for choosing public policy
measures that are more efficient in improving animal
welfare (Niemi et al., 2012). Additionally, the differ-
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ent perceptions between farmers and experts (Valros
and Barber., 2019) indicate a problem of communi-
cation between research and industry (Camerlink and
Turner, 2016) that should be considered when design-
ing communication strategies for better implementa-
tion of legislation (Kakanis et al., 2019).

CONCLUSION

Tail biting remains one of the major welfare prob-
lems for pig industry with direct and indirect econom-
ic losses while farmers end up to tail dock on a rou-
tine basis as the main preventive measure throughout
Europe.

Although a lot of research is undertaken in the last
decade, this is mainly focused on some risk factors
while some like health status and genetics need fur-
ther investigation. This could be facilitated through
research on the motivational basis of tail biting on
a pig level and possible predisposing factors. The
chronic consequences of tail amputation and the
real functions of pig tails should be clearly defined

to the community. There seems to be a potential on
early prognosis using Precision Livestock Farming
techniques (by means of purpose-built algorithms to
evaluate in real time data from sensors in the stable)
and more studies are needed on how to recognize an
upcoming tail biting outbreak and how to prevent or
control it.

Moreover, studies in recent years made prominent
the different perspective of farmers and scientists and
the possible implications in developing information
strategies. The prevalence of the problem could be
pointed out to the industry by the development of one
concrete unbiased system for recording tail biting le-
sions in abattoirs that is lacking nowadays while data
on economic impact of the behavior is largely missing
in literature. Thus academia, industry and policy mak-
ers could all benefit by a close collaboration towards
raising pigs with intact tails.
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