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The tail of pigs has been suggested as a welfare indicator as it can provide insight into a pig’s behavioural
and emotional states. Tail posture and motion have so far mainly been studied in the context of tail biting
behaviour. The aim of this study was to investigate the relationship between pigs’ natural behaviour and
their tail posture and tail motion. This was studied in a free-range farm in which tail biting is absent. In
total 214 pigs of different age categories were observed individually (sows, gilts, boars, and 6-month old
pigs) or by group (6-month and 1-year old pigs) for their tail posture, tail motion and behaviour, using
live observations and videos obtained by drone. Results showed that a fully curled tail occurred most dur-
ing locomotion (P < 0.001); and an actively hanging tail occurred more during foraging (P < 0.001), exca-
vation (P = 0.006), feeding (P = 0.017), receipt of agonistic behaviour (P = 0.036), and non-agonistic social
interactions (P = 0.046). A fully curled tail (P < 0.001) and a half curled tail (P < 0.005) occurred least in the
group of sows. Tail motion was infrequent (6.7% of observations), and involved mainly loosely wagging,
which occurred more during locomotion (P = 0.006) and non-agonistic social interactions (P = 0.006). A
higher temperature-humidity index increased the probability of half curled tails (P < 0.001) and loose
wagging (P < 0.001), while reducing the probability of active (P < 0.001) and passive hanging tails
(P = 0.013). These results provide insight into tail posture and tail motion in pigs under semi-natural con-
ditions, showing especially that hanging tails are not primarily associated with tail biting, and that the
use of tail postures for welfare assessment should be in consideration with the context in which the ani-
mals are kept.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Implications

A low tail posture, i.e. a hanging or tucked tail, is in pigs increas-
ingly seen as an indicator of reduced welfare due to its correlation
with the receipt of injurious tail biting. Our study under free-range
conditions shows that distinction between the tail postures in a
more detailed manner is needed to understand how tail postures
relate to animal welfare. The data shows that active hanging tails
occur frequent and mostly in relation to generally positive beha-
viours such as forgaging, whereas passive hanging and tucked tails
were indeed observed infrequently under free-range conditions.
Introduction

One of the prominent welfare concerns in commercial pig hus-
bandry is tail biting, which involves the chewing or biting of tails of
group mates (e.g., Schrøder-Petersen and Simonsen, 2001; Valros
and Heinonen, 2015). It results in economic losses (D’Eath et al.,
2014), and to navigate this, the sector docks the tails short; a pro-
cedure that reduces but not necessarily eradicates the behaviour
(Valros and Heinonen, 2015).

The posture of the tail, especially the tucked tail, is increasingly
advocated as an indicator for the presence of tail biting behaviour
in pigs, as well as a potential indicator of their emotional state (re-
viewed by Camerlink and Ursinus, 2020). Across research studies, a
lowered and tucked tail is more often observed in tail biting vic-
tims (Lahrmann et al., 2018; Larsen et al., 2018; Wallgren et al.,
2019). Wallgren et al. (2019) found that more than 90% of the pigs
had curled tails, and the pigs that had hanging tails were more
likely to have tail bite lesions than pigs with an upright tail. Based
on a nearly six-fold greater odds to find tail wounds in pigs with
tucked tails, Larsen et al. (2018) suggested that the tucked tail
can be used as an early detector of tail biting. Whereas tail biting
victims nearly always have a hanging tail, a hanging tail does not
necessarily indicate tail biting. A recent review suggests that pig
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tail posture needs to be assessed more carefully, including posture,
motion, and the behaviour occurring at the moment of scoring the
tail, in order to be meaningful as a possible welfare indicator
(Camerlink and Ursinus, 2020).

Tail posture and tail motion in pigs have mainly been studied
during negative events (Zonderland et al., 2009; Larsen et al.,
2018; Wilder et al., 2020); although there are some studies looking
at tail posture during positive events (Reimert et al., 2013; Marcet-
Rius et al., 2018; 2019). In other species, especially dogs, more
research has been done. For example, dogs have stiff, tucked, and
lowered tails when presented with a fearful situation, contrary to
when they have positive social interactions, in which the tail pos-
ture is loosely wagging, held high, and relaxed (Siniscalchi et al.,
2018). When compared to dogs, pig tail postures and motion
remain poorly understood and require more research, especially
regarding the relation to the full behaviourial repertoire.

The objective of this study was to explore the possible relation-
ship between pigs’ natural behaviour and their tail posture and tail
motion. Based on previous research, we expected that tail posture
and tail motion will be associated to behaviour, with generally pos-
itive valenced behaviours relating to an upright and moving tail
and negative valenced behaviours related to a hanging or tucked
motionless tail. Different age groups of pigs in a free-range high
welfare environment were studied for their tail posture and tail
motion in relation to the behaviour it occurred in.

Material and methods

This non-invasive study received ethical approval from the
Veterinary Ethical Review Committee at the Royal (Dick) School
of Veterinary Studies, Edinburgh, Scotland (Reference number
21.21).

Animals and housing

The study was conducted at a commercial but extensive pig
farm in Campo Maior, Portugal during April and May 2021. Five
groups of pigs from the Alentejano breed, all with intact tails, were
observed in a free-range environment: sows, gilts (nulliparous
sows), boars, 6-month old pigs, and 1-year old pigs. Groups were
floor fed once a day in the morning (07:30–08:30 h). All animals
were housed outside on soil mostly without vegetation (Fig. 1) dur-
ing the behavioural observations. The temperature (C�), humidity
(%) and wind speed (mph) were collected immediately prior to
Fig. 1. An impression of the housing conditions for A: sows, B:
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observations, using the mobile phone app of the Weather Channel
(The Weather Company, Atlanta, Georgia, USA). The app retrieves
data from the weather station in nearby Campo Maior (weather
station ICAMPO79, 39.012�N, 7.068�W, 277 m elevation). Three
missing weather data points were obtained from history weather
data from the same weather station, using the Weather Under-
ground website (The Weather Company, Atlanta, Georgia, USA).
The temperature-humidity index (THI) was calculated using the
formula: THI = 0.88 � T + RH � (T � 14.4) + 46.4, with T being tem-
perature in degrees Celsius and relative humidity (RH) expressed
as a proportion.
Sows

Twenty-three sows were studied individually. From 18 sows
who could be identified by eartag, their age was known. Due to
natural mating, there was a variation of several weeks between
the sows’ farrowing dates, resulting in two farrowing groups. Lac-
tating sows were housed in free farrowing pens (�1.6 � 1.5 m)
with straw bedding. Sows were released twice a day without their
piglets, at 07:00 and 15:00 h, on a 20 � 60 m (0.12 hectare) sandy
exercise paddock. The paddock contained a 20 � 5 m roofed area
with straw bedding, a mud pool and six galvanized triangular
sow huts with straw bedding. Sows were observed only in the
exercise paddock.

After piglets reached 1 month of age they were allowed to join
the exercise paddock with the sows, allowing for multisuckling
behaviour by the piglets. From the start of multisuckling, the far-
rowing groups were housed separatedly, with 13 sows in group1
and 10 sows in group2. Group1 was housed on a similar adjacent
20 � 60 m sandy paddock pasture with mud pool and seven trian-
gular galvanized sow huts with straw bedding, while Group2
remained on the original exercise paddock. Twenty-nine observa-
tions were done on the sows before the multisuckling phase, and
21 observations during the multisuckling phase. No significant dif-
ference in tail posture or motion was present between the phase
before multisuckling and during multisuckling (contingency tables,
posture: v2 = 7.5828, df = 3, P = 0.06; motion: v2 = 4.9873, df = 2,
P = 0.08) and therefore only observation day was included in the
statistical models (see Data analysis section). Sows were marked
for individual identification using a body spray paint (Fiestas
Guirca, Barcelona, Spain) or an animal marking stick (MS Schip-
pers, Netherlands), and were remarked approximately every 2-
6-month old pigs, C: 1-year old pigs, D: boars, and E: gilts.
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days, depending on the weather conditions. Sows were not
observed when piglets were massaging the udder or suckling milk.

Boars and gilts

Three adult boars of approximately 3 years of age (born 2019)
were kept together on a 110 � 180 m grass covered field (1.98 hec-
tares) which contained two rectangular galvanized huts (length (L)
9 �width (W) 6 � height (H) 1.5 m (Fig. 1). Boars were identified
by their distinct individual appearance. Six gilts of 1 year of age
were kept in a 27 � 70 m sandy field (0.19 hectare) containing
two rectangular galvanized huts (L 9 �W 6 � H 1.5 m); with one
of the huts containing straw bedding (Fig. 1). Gilts were identified
by a marking on their back with an animal marking stick (MS
Schippers, Netherlands), which was redone approximately every
3 days after the observations. Boars and gilts were studied
individually.

Six-month old pigs

A herd of 62 6-month old pigs were studied on group-level and
11 pigs within the group were observed individually. The 11 pigs
were identified by a marking on their back with an animal marking
stick (MS Schippers, Netherlands). The herd was composed of ster-
ilized females (to avoid mating by wild boars) and castrated males.
They were provided a 20 � 60 m (0.12 hectare) sand paddock con-
taining seven small galvanized triangular sow huts with straw bed-
ding, and included a mud pool (Fig. 1). After � 3 weeks of
observation (27 observations), they were moved to a 3.69-
hectare pasture with sand, minimal vegetation, some trees, a
mud pool and two galvanized rectangular huts (L 9 �W 6 � H
1.5 m) (11 observations).

One-year old pigs

A herd of 120 one-year old pigs (at age phase comparable to the
fattening period in commercially reared pigs) were observed on
group-level due to the pigs not being individually marked. The
herd was composed of sterilized females and castrated males. They
were held in a 3.69-hectare sandy pasture with two galvanized
rectangular huts (L 9 �W 6 � H 1.5 m) with straw bedding, two
small mud pools and some trees for shading (Fig. 1, Supplementary
video 1). Occasionally, they were provided with grazing opportuni-
ties by access to an additional grass pasture of 23.31 hectares, cov-
ered with oak trees.

Habituation

Pigs were habituated to an unmanned airial vehicle (UAV), i.e. a
drone, prior to the start of observations. All groups had a 4-day
habituation period in which the drone flew over the group, with
the user positioned near or within the pasture, but at distance from
the animals. The drone was introduced by hovering over the herd
at approximately 6 m, and thereafter the height was gradually
decreased from when the group did not visibly react to the previ-
ous height. Habituation to a human observer was also established
for a period of 4 days. Habituation was deemed successful when
the animals showed no noticeable response (e.g., no startle
response) to the drone or the person. Generally, animals habitu-
ated within 2 days.

Live and video observations

Each animal was scored (on paper) for its behaviour using the
ethogram in Table 1, and its tail posture and motion, using Table 2
(adapted from Camerlink and Ursinus, 2020). Observations were
3

only made on pigs with fully intact tails, who were clinically
healthy, and were not lying down. Observations were conducted
live and from drone video footage in the morning and afternoon,
when pigs were active.

Live observations were done on individual level by a single
observer using Tables 1 and 2. Observations were conducted once
a day during daytime hours for the gilts, boars and 11 six-month
old pigs across 24, 20 or 2 days, respectively. For each observation,
each animal was observed once, in random order, by scan sampling
method. Pigs were observed (without binoculars) at least 2 m away
from the animal.

Video data were collected using a DJI Mavic Mini Drone (Shen-
zhen DJI Sciences and Technologies Ltd., Nanshan District, Shen-
zhen, China) controlled with the phone app DJI Fly. Videos were
recorded across 25, 14 and 23 days for the sows, 1-year old pigs
and 6-month old pigs, respectively. Drone flights were done in
the morning after feeding (07:30 h) and in the afternoon, except
when it was raining or when wind speeds surpassed 17 mph.
The drone was, for each observation, flown once over each group
in slow pace (cinesmooth flight mode), at �4 m off the ground
and with the camera gimbal positioned at approximately a 65–
90� angle. The camera paused for a few seconds above each cluster
of pigs (Supplementary video 1) and a human observer inspected
the live footage on a phone screen (with wireless connection to
the drone) to ensure that the majority of the tails were well visible.
The gimbal angle was slightly adjusted if needed to obtain better
visibility, e.g. to avoid sunlight limiting the view. A single observer
analysed the videos for individual and group-level observations
using Microsoft’s Video Editor version 2020.20120.4004.0 (Micro-
soft Corporation, Redmond, Washington, USA), using the etho-
grams in Tables 1 and 2. Videos were first adjusted to x0.5 speed,
after which individuals were scored once per observation from
the right to the left of the computer screen. Frames were paused
each time an individual or multiple pigs appeared on screen. Then,
frames were played for 10 s to assess scores regarding animals’
behaviour and tail motion.

For inter- and intra- observer reliability, the two observers sep-
arately scored 30 short video fragments of individual pigs using the
two ethograms (Tables 1 and 2), prior to the start of data collection.
Scores were analysed with Cohen’s Kappa coefficient (j). When
scores were < 0.80, ethograms were discussed and new videos
were scored until sufficient agreement was reached. Intra-
observer reliability for both scorers were considered a perfect level
of agreement (j = 1); whilst inter-observer for both scorers in all
categories gave a good level of agreement (j > 0.80; McHugh,
2012): animal’s general behaviour (j = 0.895); tail posture
(j = 0.848); tail motion (j = 0.81); tail laterality (j = 1).

Data analysis

During data collection with the drone, not all animals of the
group were present in each video. Therefore, missing observations
due to animals being out-of-sight were removed from the data. The
final data included 665, 332, 129, 1 986 and 2 182 observations for
the sows, boars, gilts, 6-month old pigs and 1-year old pigs, respec-
tively. Due to a small amount of observations in some behavioural
categories (see Results section, Table 3), behaviours were com-
bined to facilitate analysis. The new behavioural categories were
standing, locomotion, feeding, foraging, excavation, comfort beha-
viour, non-agonistic social interactions, and agonistic-mount beha-
viour (Table 1). The only behaviour that was not combined was
receipt of agonistic behaviours.

Statistical analyses were conducted with R Studio Desktop for
Windows version 1.4.1106 (RStudio, PBC, Boston, MA, USA). The
relationship between tail posture, motion and behaviour was
assessed through Chi-square Test of Independence, with Cramer’s



Table 1
Ethogram of pig behaviour, adjusted to the free-range farm circumstances.

Behaviour Description

Category: Standing behaviour
Standing The individual is upright and supported by its four legs on the ground; remaining stationary
Excretion The individual urinates or defecates

Category: Locomotion behaviour
Walking The individual takes two or more steps forward, without trotting
Running The individual takes two or more fast steps forward while trotting or galloping
Play It is included but not limited to individual energetic movement such as hopping, tossing, and flopping; social play including the same

behaviours as for individual play but together with at least one other conspecific, and object play, such as carrying and shaking the
object. Non-damaging agonistic behaviours such as push and head knock that occur within a sequence of play behaviour are recorded
as play fight (see Supplementary video 2 for an example of play fight and play).

Category: Feeding behaviour
Feeding The individual has head lowered and mouth below/at feed level; mouth movement and apprehension of feed is visible
Drinking The individual has mouth at the drinker or water level; swallowing movement is visible

Category: Foraging behaviour
Foraging The individual has head lowered and snout towards the ground exploring surroundings, without visible apprehension of feed
Exploring The individual touches or manipulates with its snout an object or substrate on or above the ground without ingesting it
Grazing The individual has head lowered and mouth below/at grass level; mouth movement and apprehension of grass is visible
Stone chewing The individual has head lowered and mouth at ground level; mouth movement and apprehension of stones visible, either by a clearly

visible jaw movement or by spitting out a stone

Category: Excavation behaviour
Rooting The individual uses snout to push against or manipulate the ground
Digging The individual uses forelegs to push against or manipulate the ground

Category: Comfort behaviour
Comfort Behaviour The individual uses hind legs or an object to rub part of its body
Wallowing The individual goes partly or fully into the water reservoir or mud ditch to roll or lie

Category: Non-agonistic social interactions
Non-agonistic social
interaction

The individual interacts with conspecific’s body by making contact or nosing any part of its body, in a manner which is not threatening
or damaging the conspecific

Receipt of non-agonistic
interaction

The individual receives non-damaging body contact or nosing from another individual in any part of its body

Category: Agonistic-mount
Agonistic behaviour The individual is threatening, head knocking, biting, fighting or is chasing another conspecific, excluding play fight (see play).
Mounting The individual places, or attempts to place, both front legs over the front or back of another conspecific
Being mounted Another individual places both front legs or jumps on the back of the recipient

Not categorized
Receipt of agonistic
behaviours

The individual receives a threat, head knock, bite, or is being chased by another conspecific

Sitting The individual is in an upright position, with its back legs bent in a way that its weight is supported on its hind quarters whilst its
forelegs remain straight

Oral manipulation of
conspecifics

The individual nibbles, sucks, or chews part of the body of a conspecific in a manner that can lead to skin damage; this includes tail
biting, ear biting and leg biting

Receipt of oral
manipulation

The individual receives nibbles, sucks, or chews from a conspecific in any part of their body

Out-of-sight The individual is not visible to the observer or in video footage
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V test to assess the correlation between the multiple behaviour
categories. When results were significant, the relationships were
assessed using a binary logistic regression model per tail posture
or per tail motion. The tail postures and tail motion categories,
which are the response variables for the model, were converted
into binary variables in which the tail posture or motion was coded
as ‘‘100 if present and ‘‘0” if absent. The binary logistic regression
model was made with R package lme4 (Bates et al., 2015) with a
binary distribution and logit link function. The predictor variables
were the behavioural category, the group and the THI. For the data
that involved repeated observations per individual, the individual
identity (ID) was entered as subject, nested within group, as ran-
dom effects. For the groups observations, the observation number
was used as repeated observation. Using the models output, odd
ratios were calculated using R package broom.mixed (Bolker and
Robinson, 2021) to determine the likelihood of the posture or
motion during a certain predictor.

An additional analysis was done to assess the effect of age on
tail posture within the group of sows. The percentage of observa-
4

tions in which sows had upright tails (full curl or half curl) was
analysed as response variable in a linear model with either birth
year or age group (<5 years old versus 5 years or older) as categor-
ical predictor variable.
Results

Tail posture

The tail was mostly seen in a full or half curl or in an active
hanging pose, and to a lesser extend in a passive hanging pose
(Table 3). The tucked tail hardly occurred (0.2%, Table 3) and was
therefore not further analysed. The tail postures erect vertically
and erect horizontally were not seen in the observed pigs, but were
seen in the sows’ newborn piglets (data not reported).

The relationship between tail posture and behaviour was signif-
icant (v2 = 1113.7, df = 24, P < 0.001), however, the correlations
between the multiple categories was weak (Cramer V = 0.265). A



Table 2
Ethogram to evaluate pigs’ tail posture and motion (adapted from Camerlink and Ursinus, 2020). For images of the tail postures and videos of the motions see Camerlink and
Ursinus, 2020.

Tail Description

Posture
Full curl The base of the tail is held upwards while the remainder of the tail rotates downward
Half curl The base of the tail is held horizontally or downward with the tail rotating downward (regardless of the degrees of rotation)
Erect vertically The tail is held fully or mostly straight upright perpendicular to the spine, i.e., at an approximately 90� angle
Erect horizontally The tail is sticking straight out from the body, fully or mostly aligned with the spine
Active hanging The tail is pointing downward and held actively to one direction (sideward or partly upward) without rotation. There is at least a 30� angle

between the base of the tail and the hind parts, resulting clearly in space between the tail and the body
Passive hanging The full tail is pointing downward without signs of muscle tension. There is little or no space between the tail and body; tip of the tail is not

between the legs
Tucked The full tail is kept vertically down and is kept close to the body whereby the tip of the tail is held in between the legs

Motion
Motionless The tail is not moving within its posture
Loosely wagging The tail moves gently and in a consistent pattern from side to side from the base of the tail, with 1–3 movements per second
Intense wagging The tail moves rapidly from side to side, with 4–7 movements per second; includes sideways tail shaking other than flicking
Flicking The tail moves rapidly in sudden up and down or sideways motion in a single ‘tail flick’, which can be multiple consecutive flicks. Includes

swishing the tail against the presence of insects
Circling The base of the tail is rapidly rotating causing the remainder of the tail to move in a circular manner
Jamming The tail is suddenly contracted towards the body whereby the tip of the tail is held in between the legs; muscles around the base of the tail are

tightened, moving into the ‘tucked’ tail posture.

Reprinted from Camerlink, I., Ursinus, W. W., 2020. Tail postures and tail motion in pigs: A review. Applied Animal Behaviour Science, 230, 105079. Copyright (2020), with
permission from Elsevier.
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full curl was 4.5 times more likely to occur during locomotion than
during standing, and least likely to occur during social interactions,
excavation, or foraging (Table 4). A half curl had a lower probability
to occur during locomotion as compared to standing (Table 4). An
active hanging tail had a significantly higher probability to occur
when foraging compared to excavation, feeding, receipt of agonis-
tic behaviour, social interactions, locomotion and standing
(Table 4). When compared to standing, an active hanging tail had
a lower probability to occur during locomotion. Locomotion also
decreased the probability for passive hanging tails as compared
to standing.

Tail motion

Tail motion occurred infrequently (Table S1 in the Supplemen-
tary files), with the tail being motionless for 93.3% of the observa-
tions. The motions circling, flicking, jamming, and intense wagging
occurred < 0.8% (Table S1) and were not further analysed. Wagging
loosely was recorded in 5.9% of observations and was the only tail
motion that occurred sufficiently enough to be analysed. Loosely
wagging significantly related to behaviour (v2 = 245.01, df = 8,
P < 0.001), but the correlation with the multiple behavioural cate-
gories was weak (Cramer V = 0.119). A loosely wagging tail had a
3.11 times higher probability to occur during non-agonistic social
interactions than during standing, and a 2.28 times higher proba-
bility to occur during locomotion as compared to standing, and
occurred least during feeding (Table 4).

Group, age and weather differences

Between groups, a fully curled and half curled tail were least
likely to occur in sows as compared to the other groups (Table 5).
A fully curled tail was 10.3 times more likely to occur in in the
youngest animals (the 6-month old group) as compared to the
sows (the reference group). In line with the above, an active hang-
ing tail, passive hanging tail and loose wagging were more likely to
occur in the sows than in the other groups (Table 5).

To assess the effect of age on tail posture within the group of
sows, the relationship was assessed between age (birth year) and
the percentage of observations that the sows had a full or half
curled tail (upright tail). This revealed a tendency by birth year
5

(F3,14 = 3.28; P = 0.053). Sows < 5 years of age had more often an
upright tail (lsmeans: 41.2%) as compared to sows of 5 years and
older (lsmeans: 13.0%) (F1,16 = 9.95; P = 0.006).

The temperature, and thus the THI, varied across the observa-
tion days (Fig. 2). A higher THI was significantly associated with
a higher probability of a half-curled tail (odd ratios (OR) 1.05, con-
fidence intervals (CI) 1.03–1.07, P < 0.001) and a lower probability
of an active hanging tail (OR 0.924, CI 0.903–0.946, P < 0.001), pas-
sive tail (OR 0.962, CI 0.933–0.992, P = 0.01) and loose tail wagging
(OR 1.10, CI 1.07–1.13, P < 0.001) (Fig. 3). There was no significant
relationship between THI and a full curl posture (OR 1.01, CI 0.992–
1.03, P = 0.22).
Discussion

The aim of this study was to provide a detailed analysis of how
tail postures and tail motions of pigs relate to their natural beha-
viour, in order to provide a broader perspective on the growing
amount of literature that predominantly reports the relationship
between tail posture and damaging behaviour in pigs. The results
showed that tail posture and motion related to specific behaviours,
and especially locomotion. In addition, the category of pigs, i.e.
group (with groups varying in age and/or sex), and the THI were
also found to influence the tail.

Fully curled tail

In the current literature, a fully curled or upright tail has mostly
been associated with positive contexts (Krugmann et al., 2020), or
a positive welfare state (Paoli et al., 2016), and has thus been
mainly related to events of positive valence (Camerlink and
Ursinus, 2020). However, it has also been suggested that this could
be a default tail posture for pigs (Reimert et al., 2013). The fully
curled tail was mostly seen during locomotion (in 64% of the obser-
vations on locomotion), but also in the other behavioural cate-
gories such as feeding. It therefore does not seem to be a posture
exclusively associated with positively valenced behaviour.
Although no formal welfare assessment was made, all groups
except for the sows were kept in a situation that fulfils the Five
Freedoms and have what researchers would describe as ‘a life
worth living’ (Mellor, 2016), including the full opportunity to



Table 3
Number of tail postures for all recorded behaviours shown by the observed pigs, given by the category in which it was statistically analysed, with row percentages in brackets and
column percentage at the bottom.

Behaviour Full curl Half curl Active hanging Passive hanging Tucked

Category: Standing
Standing 48 (27%) 88 (49%) 33 (18%) 9 (5%) 1 (1%)
Excretion 15 (100%) 0 0 0 0

Category: Locomotion
Walking 472 (64%) 168 (23%) 95 (13%) 3 (0%) 0
Running 12 (80%) 1 (7%) 1 (7%) 1 (7%) 0
Play 4 (50%) 1 (13%) 3 (38%) 0 0

Category: Feeding
Feeding 442 (33%) 533 (40%) 341 (25%) 25 (2%) 0
Drinking 40 (41%) 47 (48%) 8 (8%) 2 (2%) 0

Category: Foraging
Foraging 284 (14%) 387 (20%) 1 084 (55%) 202 (10%) 7 (0%)
Exploring 5 (56%) 3 (33%) 1 (11%) 0 0
Grazing 4 (7%) 23 (38%) 32 (52%) 2 (3%) 0
Stone chewing 2 (11%) 4 (22%) 6 (33%) 6 (33%) 0

Category: Excavation
Rooting 22 (16%) 72 (54%) 34 (25%) 6 (4%) 0
Digging 1 (20%) 3 (60%) 1 (20%) 0 0

Category: Comfort
Comfort behaviour 6 (29%) 13 (62%) 2 (10%) 0 0
Wallowing 5 (45%) 5 (45%) 1 (9%) 0 0

Category: Non-agonistic social interactions
Non-agonistic social interaction 10 (14%) 44 (63%) 15 (21%) 1 (1%) 0
Receipt of non-agonistic social interaction 7 (39%) 5 (28%) 4 (22%) 0 2 (11%)

Category: Agonistic-mount
Agonistic behaviours 28 (42%) 23 (34%) 14 (21%) 2 (3%) 0
Mounting 1 (100%) 0 0 0 0

Not categorized
Receipt of agonistic behaviour 16 (26%) 24 (39%) 20 (32%) 1 (2%) 1 (2%)

Total % of tail posture occurrence 29.5% 29.9% 35.1% 5.4% 0.2%

Table 4
Summary of the binary logistic models including the significant odd ratios (OR) and their confidence intervals (CI) with pigs’ behaviours as predictors. The reference category was
standing behaviour.

Tail posture/motion Behaviour OR 95% CI for OR P-value

Low High

Full Curl
Excavation 0.276 0.152 0.5 <0.001
Foraging 0.319 0.222 0.458 <0.001
Locomotion 4.52 3.12 6.54 <0.001
Non-agonistic social interaction 0.416 0.218 0.794 0.008

Half Curl
Locomotion 0.379 0.265 0.541 <0.001

Active hanging
Excavation 2.430 1.29 4.580 0.006
Feeding 1.800 1.11 2.910 0.017
Foraging 2.530 1.64 3.890 <0.001
Locomotion 0.556 0.352 0.911 0.019
Receipt of Agonistic 2.260 1.06 4.820 0.036
Non-agonistic social interaction 2.090 1.01 4.290 0.046

Passive hanging
Locomotion 0.0969 0.028 0.341 <0.001

Loosely wagging
Feeding 0.175 0.082 0.375 <0.001
Locomotion 2.28 1.27 4.1 0.006
Non-agonistic social interaction 3.11 1.39 6.97 0.006
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express their natural behaviour. While the emotional state of an
individual cannot be assumed, it is likely that the pigs were mostly
in state of positive emotional valence, and this may have reflected
in the tail posture also during general behaviours.
6

An upright tail during locomotion was also described by Kiley-
Worthington (1976). Locomotion provokes active movement of the
spine and may thereby influence the tail posture (Kiley-
Worthington, 1976). A fully curled tail was less seen during non-



Table 5
Summary of binary logistic models showing the significant odd ratios (OR) for pigs’ tail postures and motion with their confidence intervals (CI), with ‘group’ as predictor. The
reference category is the group of sows.

Tail posture/motion Groups OR 95% CI for OR P-value

Low High

Full curl
Boars 5.79 2.42 13.8 <0.001
Gilts 7.28 3.75 14.1 <0.001
1-year old pigs 4.09 2.51 6.66 <0.001
6-month old pigs 10.3 6.56 16.3 <0.001

Half curl
Boars 10.7 4.83 23.6 <0.001
Gilts 2.32 1.29 4.17 0.005
1-year old pigs 1.89 1.28 2.8 0.002
6-month old pigs 3.27 2.27 4.72 <0.001

Active hanging
Boars 0.026 0.007 0.089 <0.001
Gilts 0.146 0.069 0.309 <0.001
1-year old pigs 0.609 0.38 0.976 0.039
6-month old pigs 0.100 0.064 0.156 <0.001

Passive hanging
1-year old pigs 0.285 0.161 0.505 <0.001
6-month old pigs 0.030 0.011 0.08 <0.001

Loosely wagging
Boars 0.192 0.043 0.864 0.032
Gilts 0.186 0.068 0.512 0.001
1-year old pigs 0.226 0.121 0.421 <0.001

Fig. 2. The variation in temperature (dashed line, secondary y-axis) and temperature-humidity index (THI; solid line, secondary y-axis) across the observation days, along
with the percentage of observations (primary y-axis) for pigs with tails in a full curl (FC), half curl (HC), hanging active (HA) or hanging passive (HP), across all observations on
that day.
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agonistic social interactions, excavation, and foraging. Rooting,
which alongside digging make up the category Excavation in our
study, has been previously associated with curled tails (Ocepek
et al., 2020), with behaviour and posture considered to be related
to a positive emotional state. Ocepek et al. (2020) showed that dif-
ferent rooting materials increased curled tails in pigs. Kiley-
Worthington (1976) reported that pigs curled their tails more
when in contact with a familiar person, which can be seen as a
form of non-agonistic social interaction, although it considers a
human-animal relationship rather than intraspecific relationship.
These examples partly contradict with our results, which may be
due to the free-range environment of the current study, in which
locomotion is more profound than in indoor housing.
7

Sows had least often a fully curled tail. In particularly, sows
older than 5 years had significantly less often a full or half curled
tail (i.e. upright tail) as compared to younger sows. The comparison
of age within the group of sows allowed to assess the effect of age
without the confounding effect of housing conditions. The younger
sows (born 2017 and 2018) are still older than the pigs from the
other groups, and had less than 50% of the observations an upright
tail. To our knowledge, there are no other studies on age-related
tail posture changes. Besides age, the circumstances in which the
sows were kept were less optimal for their welfare as compared
to the other groups (being housed temporarily in pens and thus
having less freedom of movement), and this may interact with
the effect of age. As there was only one group of animals per



Fig. 3. The distribution of the temperature-humidity index (THI) as recorded
during observations of pigs with the tail in full curl (FC), half curl (HC), hanging
active (HA), hanging passive (HP) and loosely wagging (WAG).
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age/sex category, and only a limited number of animals in some
groups (e.g., 3 boars), the effect of age, housing conditions and wel-
fare state, and their possible interaction, would be worthy of fur-
ther investigation across a wider variety of populations.

Half curled tail

A half curled tail occurred less during locomotion than during
standing. Similar to the full curl, the half curl was least observed
in the sows. The half curled tail has not been typically used as a tail
posture, as studies usually record a full curled tail versus a hanging
tail when evaluating tail postures, or use a categorization of ‘down’
versus ‘upright’ (reviewed by Camerlink and Ursinus, 2020). The
half curl could be considered in-between of the fully curled and
hanging tail postures, and may be a transitional posture. However,
given the frequent occurrence of the half curled posture, and the
absence of a relationship to specific behaviours, it is plausible that
the half curl is the default tail posture in domestic pigs, rather than
the curled tail (as argued by Reimert et al., 2013).

Active hanging tail

An active hanging tail was observed the most of all postures,
was most observed in sows and occurred mostly during behaviours
of excavation, feeding, foraging, non-agonistic social interactions,
and receipt of agonistic behaviours. These behaviours have not pre-
viously been associated with an active hanging tail. Most beha-
viours that were observed during a hanging tail, such as feeding
and foraging, are considered to occur in positive contexts (Boissy
et al., 2007). Overall, the distinction between an active and passive
hanging tail was at times difficult to observe from video, and acci-
dental misinterpretation could explain why some observations
regarding receipt of agonistic behaviours were scored as active
instead of passive hanging. Passive hanging can be considered a
posture associated with negative contexts (Wallgren et al., 2019),
and would therefore be more expected in relation to agonistic
behaviour. A hanging, or downward, tail has been associated with
negative states, but also with relaxation (Camerlink and Ursinus,
2020).

Passive hanging and tucked tail

The tail was least often passively hanging during locomotive
behaviour. A passive hanging tail has been reported to occur in
8

aversive events and is infrequently seen during rewarding events
(Reimert et al., 2013). A passive hanging tail occurred less than
an active hanging tail, and has been associated with tail biting out-
breaks (D’Eath et al., 2018).

The infrequent occurrence of a tucked tail is in concordance
with the known absence of tail biting on this farm. A tucked tail
is associated with, and a potential predictor of, tail biting outbreaks
(Wedin et al., 2018). Tucked tails have been previously associated
with aversive, stressful, and negative situations not only in pigs
(Larsen et al., 2016; Czycholl et al., 2020), but also in dogs
(Ottenheimer Carrier et al., 2013), horses (Houpt et al., 1978),
and cats (Kiley-Worthington, 1976). The few occurrences in this
study may have been in instances of potential threat to the individ-
ual (e.g., near a dominant pig or after an agonistic interaction) but
were also seen while pigs were foraging during cold weather.

Tail motion

Loose tail wagging was the most observed tail motion, but was
present in only 5.9% of the observations. It was mostly observed
during non-agonistic social interactions and locomotive behaviour
and least during feeding. These behaviours are considered to be
positive and related to tail wagging (Reimert et al., 2013). Our find-
ings align with previous ones relating tail wagging to social inter-
actions such as social play (Newberry et al., 1988) and familiar
human-animal interactions (Terlouw and Porcher, 2005). Tail wag-
ging has also been associated with locomotion in pigs such as
walking or running (Kiley-Worthington, 1976; Newberry et al.,
1988) and locomotor play (Newberry et al., 1988). As the tail is
an extension of the spinal cord, movement of the body can elicit
movement of the tail (see for example the short video of play beha-
viour in the supplementary files, video 2). However, in contrast to
others (Kleinbeck and McGlone, 1993), we found no relationship
between eating and tail wagging. This might be due to the method
of floor feeding, where some level of feed competition may be pre-
sent when the dominant animal(s) monopolizes the feed (Verdon
et al., 2018). A comparison between the level of aggression in floor
feeding and other feeding systems is however lacking (Verdon
et al., 2015).

Loosely wagging occurred most in the sows. Newberry and
Wood-Gush (1988) found tail wagging to significantly increase
with age. Hence, age is a plausible explanation to the following
results. The sows were, however, located in the area that is most
likely to attract flies due to the close presence of other animals
(goats and donkeys), and some of the tail wagging may have func-
tioned to swish away flies. As this was only studied in one group of
sows, and thus one group of this age range, no firm conclusions can
be drawn about increased tail wagging in sows, and the results
would benefit from further study using more groups at various
locations.

Although the other tail motions (circling, flicking, jamming and
intense wagging) occurred, these happened too infrequently to be
meaningfully analysed. Similar occurrences of having low observa-
tion of tail motion transpired in other studies regarding emotional
contagion in pigs (Goumon and Špinka, 2016); tail biting
(Zonderland et al., 2009); and on rooting material preference
(Ocepek et al., 2020). Due to the low occurrence and lack of varia-
tion, tail motion might not be suitable or relevant as a possible
welfare indicator for pigs.

Weather conditions

A higher THI related to more half curled tails and tail wagging,
and less hanging tails. As this observation year was unusal cold and
rainy for this region (temperatures during the study were between
7 and 26 �C), the higher THI here indicates sunny days, below heat
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stress conditions. The weather data was recorded with an app
rather than a local weather station, and inaccuracies may exist in
the exact weather parameters at the moment of scoring, especially
for the wind speed, which due to the high and open location of the
farm is usually stronger than local areas. The lower THI may have
been unpleasant for this breed of pigs, which is accustomed to high
temperatures with low humidity. Pigs were indeed observed to
have hanging tails in the rain, although this cannot be confirmed
statistically as tails were not scored during rainfall. Kleinbeck
and McGlone (1993) found that under heat stress, 84.1% of the pigs
had hanging tails, but the heat stress itself was also related to tail
biting outbreaks, and therefore makes the relationship between
temperature and tail posture impossible to disentangle. The
increase in tail wagging at a higher THI may be partly associated
with the increased presence of flies on sunny days. Overall, tail
postures seem to change with discomfort or distress from environ-
mental conditions such as the weather.
Conclusion

Our data shows that across nearly 5 000 observations, pig had a
fully curled tail in 29% of the cases and a half curled tail in another
30%, accounting together for 59%. It can therefore be concluded
that for domestic pigs kept in free-range conditions, where loco-
motion is a frequent behaviour, the tail is mostly in an upright
position. However, in 35% of the observations the tail was in an
active hanging pose, and the assocations between this posture
and behaviours show that this is a natural default posture as well.
Tail motion occurred infrequently and therefore it is recommended
to observe tail postures rather than tail motion when deciding
upon a scoring procedure.
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