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ARTICLE INFO ABSTRACT
Keywords: Early and abrupt weaning of pigs is a stressful event. In addition, the use of hyperprolific sows with increasing
Alternative weaning numbers of live born piglets has decreased the average pig’s birth weight, colostrum intake and weaning weight.

Abnormal behaviour
Saliva cortisol
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Ear lesion

The aim of this study was to investigate whether behavioural (tail posture, agonistic and abnormal behaviour),
clinical (ear and tail lesions) and physiological (saliva cortisol) indicators of stress postweaning can be minimised
by 1) using a pig hybrid that is heavier at birth and weaning, and 2) trough specific-stress-free housing where
intact litters of pigs stay in the pen of birth after removing the sow at weaning. The study was a 2 x 2 factorial
design, with pigs from Topigs Norsvin TN70 (TN) sows as a heavier alternative to the lighter pigs from DanBred
LY sows (DB), and the specific-stress-free (SSF) weaning strategy as an alternative to the conventional weaning
strategy (CON) where pigs are regrouped and moved to weaner pens. Fiftyseven litters, on average 26 days of
age, were included. Behaviour recordings on the day (d) of weaning (d0), showed that the rate of fights and
attacks were 23 and 42 times higher in CON compared to SSF, respectively. Furthermore, on d+1 pig in CON had
a 9 (in DB) to 13 (in TN) times higher odds of having clinical ear lesions compared to SSF. Only on d+2, saliva
cortisol was lower in TN-SSF than TN-CON, but not lower that DB-SSF. A higher rate of high tail posture was seen
in CON d+1, which may reflect higher arousal due to mixing and moving. The rate of belly nosing was 5 times
higher in the lighter hybrid (DB compared to TN), but increased from d+7 to d+14 in both hybrids. On d+7 the
rate of ear directed behaviour tended to be higher in DB than TN, but the rate increased from d+7 to d+14 in TN
to a similar rate as in DB. The rate of tail directed behaviour increased from d+7 to d4+14 and tended to be higher
in CON than SSF. In conclusion, specific-stress-free weaning reduced agonistic behaviour and ear lesions and
tended to reduce tail directed behaviour postweaning. Using the heaver hybrid TN reduced belly nosing post-
weaning. However, since belly nosing and tail directed behaviour increased over time for both hybrids and
weaning strategies additional measures are needed to reduce stress associated with early and abrupt weaning.

1. Introduction stress in pigs due to the abrupt physiological, environmental and social
changes (Campbell et al., 2013) which is evidenced by indicators such as

At weaning, it is common practise to abruptly separate pigs from the low feed intake and reduced growth (Le Dividich and Seve, 2000),
sow, and to regroup and house the pigs in weaner pens until 30 kg of increased saliva and plasma cortisol (Ekkel et al., 1995; Escribano et al.,
bodyweight (European Food Safty Authority, 2005). This practice causes 2019; Moscovice et al., 2022), agonistic behaviour and associated skin
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lesions (Turner et al., 2006; Escribano et al., 2019), and risk of devel-
opment of abnormal behaviours (Bench and Gonyou, 2009) and post-
weaning diarrhoea (Vente-Spreeuwenberg et al., 2003).

In Denmark the average number of total born piglets reached 19.8
piglets per litter in 2021 (Hansen, 2022). The use of hyper prolific sows
and breeding towards larger litter sizes has reduced the average piglet
birth weight and increased within litter variability (Quiniou et al.,
2002). Higher birth weight, on the contrary, is associated with higher
colostrum intake, higher blood plasma glucose and immunoglobulin G
concentrations, better survival chances from birth until weaning, and a
higher weight gain during the suckling period (Devillers et al., 2011). In
addition, piglets of higher birth weight reach higher weaning and fin-
ishing weight (Declerck et al., 2016; Beaulieu et al., 2010). Hence,
increasing pig birth weight and weaning weight may improve the pigs’
ability to cope with stress postweaning.

The conventional weaning practice where moving and mixing of
unacquainted pigs leads to agonistic behaviour and stress evidenced by
increased saliva cortisol concentrations (Merlot et al., 2004), inhibited
growth (Camp Montoro et al., 2021), and ear and body lesions (Turner
et al., 2006; Escribano et al., 2019). Colson et al. (2012) found an ad-
ditive increase in saliva cortisol concentration when pigs where both
mixed with unfamiliar pigs and moved to a novel environment
compared to staying in the farrowing pen at weaning. Ekkel et al. (1995)
used the term Specific-stress-free (SSF) for housing pigs under optimal
conditions where specific stressors such as moving and mixing are
omitted. Housing pigs under SSF conditions reduced saliva cortisol and
the number of haemorrhagic ear lesions and scratches on the day after
weaning (Ekkel et al., 1995).

The present study is part of a larger experimental study on the effect
of a heavier pig hybrid combined with an alternative SSF weaning
strategy to improve the pig’s resilience at weaning. Results on litter
characteristics, postweaning growth and feeding behaviour (Winters
et al.,, 2023), and play behaviour (Franchi et al., 2022, 2023) have
previously been reported. The aim of the present study was to assess the
effect of the heavier pig hybrid and SSF weaning in the pen of birth on
stress and behavioural indicators. We used Topigs Norsvin TN70 sows as
an alternative to the DanBred LY sow, as the TN70 previously gave birth
to smaller litter sizes but heavier piglets (Schild et al., 2020;
Kobek-Kjeldager et al., 2023). Modern litter sizes and the average
number of functional teats (DanBred LY = 14 teats, Topigs Norsvin TN70
= 15 teats (Schild et al., 2020)) require larger space allowance for the
sow and her litter. Therefore, farrowing pens for loose housed sows were
used in the present study to enable housing of an intact litter from birth
until four weeks postweaning. We hypothesised that the heavier hybrid
TN, would have a less pronounced stress response postweaning than the
lighter hybrid DB, and that pigs weaned under SSF conditions would
experience less stress postweaning compared to pigs weaned in con-
ventional weaner pens. Furthermore, we expected the heavier hybrid TN
to show lower stress response compared to the lighter hybrid DB when
weaned conventionally. Here we investigated the following stress in-
dicators: saliva cortisol concentrations as a measure of the physiological
stress (Escribano et al., 2019); agonistic behaviour and ear lesions; belly
nosing, ear directed and tail directed behaviour as an indicator of
abnormal behaviour (Bruni et al., 2008; Valros et al., 2021). In addition,
a recent scientific focus on behaviour measures for affective states has
associated tucked tail posture with tail lesions and biting (Larsen et al.,
2018) and high or low tail posture with high or low arousal (Camerlink
and Ursinus, 2020).

2. Material and methods
2.1. Study design
This study consisted of a 2 x 2 factorial design with the following

sow hybrids and weaning strategies: The Topigs Norsvin TN70 sow
(Topigs Norsvin L-line (Norsvin Landrace) x Topigs Norsvin Z-line

Applied Animal Behaviour Science 269 (2023) 106106

(Large White)) (TN) as an alternative to the DanBred LY sow (DanBred
Landrace x DanBred Yorkshire) (DB) in order to reduce litter size, but
increase piglet birth and weaning weight, and the Specific-Stress-Free
(SSF) weaning strategy where a intact litter stayed in the pen of birth
as an alternative to conventional weaning where two litters were moved
and mixed in a conventional weaner pen (CON). In total 24 DB and 33
TN litters were included over four batches and were randomly allocated
to weaning strategy SSF or CON. The study was conducted from
February to November 2020 at the pig research facilities at Aarhus
University, AU Viborg, Denmark.

2.2. Animals and housing

All gilts were inseminated with DanBred Duroc semen (DanBred, DK)
and farrowed in batch 1 and 2 whereafter they were re-inseminated and
farrowed as second parity sows in batch 3 and 4. Not all sows became
pregnant after insemination in batch 1 or 2, thus additional gilts were
inseminated and farrowed as first parity sows in batch 3 and 4. The
number of pens and litters included in the study are presented in Table 1.
DB sows gave birth to larger litters than TN sows (DB = 19.0 liveborn;
TN = 14.8 liveborn), but TN piglets had a higher birth weight (DB =
1.21 kg; TN = 1.35 kg). At weaning TN pigs were heavier (8.40 kg) than
DB pigs (7.65 kg) although litter size on day seven before weaning did
not differ between hybrids (DB = 12.3 piglets; TN = 12.2 piglets) (see
Winters et al. 2023 for more details).

2.2.1. Lactation period

Gilts and sows farrowed in pens for loose-housed sows (FT30 pen, 3
x 2.2 m, SKIOLD, DK) as illustrated in Fig. 1 reproduced from Winters
et al. (2023). The back pen wall had a metal bar and the wall opposite to
the feeding trough was sloped. The feeding trough was 80 cm long made
from polyconcrete (SKIOLD, DK) and constructed to allow piglets to eat
from it. Four times daily, sows were fed a standardised lactation diet
(Die Profil Lac, DLG, DK; 12.9 MJ metabolisable energy (ME) per kg,
15.6% crude protein). For the sow a drinking nipple was placed above
the feed trough, while piglets had access to an Aqua-Level hinged water
trough (31 x 17 x 11 cm, SKIOLD, DK). The sows were provided straw
in a hay rack. The pen had a piglet creep area heated with an infrared
heat lamp (Infrared lamp 150 W, InterHeat Inc, KR) and floor heating.

After ended farrowing, an analgesic (Metacam® 20 mg/mL, Boeh-
ringer Ingelheim, DK) was administered to each sow, and piglets were
weighed, ear tagged, and had their umbilical cord cut. On each sow, the
number of functional teats (teats with colostrum droplets) was counted
and litters were equalised to a maximum of piglets equivalent to the
number of functional teats. If sows had free available teats, surplus
piglets were cross fostered within sow hybrid within the first 3 days
postpartum (pp). If cross fostering of surplus piglets to functional teats
was not possible, piglets were euthanised by blunt force trauma in the
following order: 1) non-viable piglets (e.g., < 700 g) and 2) randomly
selected piglets. Male piglets were castrated under local anaesthetic
(injection of 0.5 mL per testis of Procamidor® vet. 20 mg/mL, Richter
Pharma, AT) and received an analgesic (0.1 mL, Metacam® 5 mg/mL,
Boehringer Ingelheim, DK). All piglets received an iron injection (1 mL
SC, Viloferron®, 20%, Vilofarm, DK) on day 4 pp. Tails were kept intact.
All piglets were vaccinated against Mycoplasma hyopneumoniae with

Table 1
Number of pens and litters (in parentheses) included in the study at weaning.

Postweaning pens (litters)

DB-CON DB-SSF TN-CON TN-SSF
Batch Sum
1 24 44 24 44 12 (16)
2 1) 2(2) 2(4) 4 (4) 9(12)
3 24 33 24 44 11 (15)
4 2(4) 1) 24 5(5) 10 (14)
Total 7 (14) 10 (10) 8 (16) 17 (17) 42 (57)
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Fig. 1. The two pen types used in the study: a farrowing pen for loose-housed
sows and a conventional two-climate weaner pen. At weaning (age [median,
min-max]: 26, 22-30 days of age), litters allocated to weaning strategy SSF
stayed in the farrowing pen after removing the sow. In weaning strategy CON
two litters were mixed and moved to conventional weaner pens where they
were housed until 28 days postweaning. Dimensions are given in cm. Repro-
duce from Winters et al. (2023).

Ingelvac MycoFLEX® (Boehringer Ingelheim, DK) on day 7 pp and
immediately before weaning. Every morning, manure was manually
removed from the pen floor, straw racks were filled, and approximately
130 g of fine chopped wheat straw and 400 g sawdust were provided on
the floor and in the piglet creep area, respectively. The light was on from
(HH:mm) 07:00-23:00, and the room temperature was decreased
gradually from 21 °C at farrowing to 19 °C at weaning (automatic
climate system, SKOV, DK). At farrowing, the floor temperature in the
piglet creep area was approximately 35 °C, and floor heating and heath
lamps were turned off as piglets started lying outside the creep area.

2.2.2. Postweaning

The two-climate weaner pens (used for litters in treatment CON),
were 5.40 x 2.45 m with a roof (adjustable fibre panel positioned 85 cm
above floor level, SKIOLD, DK) covering the solid floor equal to
approximately 1/3 of the pen area. Pigs had access to a water trough
similar to the one used in the farrowing pens. The weaner diet (Prime
Midi Piller, DLG, DK; 14.8 MJ ME/kg, 19.3% crude protein, no medical
zinc oxide) was provided in two hopper feeders (TR4, Rotecna, ES). Both
the farrowing pens and the two-climate weaner pens provided a mini-
mum of 0.3 m? open floor area per pig.

2.2.3. Weaning procedure

Litters were weaned after finished data collection (detailed below)
around 14:00. In weaning strategy SSF, intact litters stayed in the far-
rowing pen after removing the sow, whereas in CON, two litters (within
same hybrid) were mixed together and moved to a weaner pen in
another section of the same building. Immediately after weaning, the
pigs received a portion of chopped wheat straw (approximately 130 g
per pen in SSF, double amount in CON) and sawdust (400 g per pen in
SSF, double in CON) provided on the solid floor and covered area,
respectively. The room temperature was increased to 24 °C at weaning
and gradually decreased to 21 °C four weeks postweaning.

2.3. Data collection

Due to visible differences in weaning strategies and hybrids, blinding
of observers were not possible during the clinical or behavioural
recordings.
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2.3.1. Clinical recordings

Clinical recordings were collected on all pigs on the day (d) of
weaning (d0) and on d+1, d+2, d+7, and d+14 postweaning. On these
days, pigs were weighed, marked on their back for individual identifi-
cation on video, and had their ears and tail assessed for lesions. Each pig
had both ears assessed and categorised into one of five categories: 0) no
ear lesions; 1) red/blush; 2) less than two fresh, red scratches without
scab; 3) more than two fresh, red scratches without scab; or 4) minimum
one fresh, red wound (min size 3 x 3 mm) without scab. In addition, the
tail of each pig was assessed visually and by palpation and categorised
into one of four categories: 0) no damage, 1) red and/or swollen, 2) bite
marks, or 3) open wound (modified from Wallgren et al., 2019).

2.3.2. Saliva cortisol

Four piglets per litter were selected for saliva cortisol sampling. Two
piglets were randomly selected amongst the 25% lightest pigs and two
others amongst the 25% heaviest pigs in the litter based on their weight
two days prior to weaning. Three pairs of technicians collected the saliva
samples, where one of the two persons gently lifted and held the pig
while the other person entered the Salivette® sampling swab (Sarstedt,
DE) into the mouth of the focal pig for approximately 30 s. Saliva
samples serving as a pre-weaning baseline were collected on dO in batch
1, and on d-1 in batches 2, 3 and 4. Postweaning, saliva was collected on
d+1 and d+2. On all three days, saliva samples were collected from
08:30-12:00. All saliva samples were stored on dry ice until centrifu-
gation at 5 °C at 2000 x g for 10 min. From each sampling tube, 150 pL
was transferred to an Eppendorf Tube® (Eppendorf, DE) and shipped on
dry ice to the University of Murcia, Spain, for cortisol analysis by use
chemiluminescent enzyme immunoassay validated in pigs (Escribano
et al., 2012) with an intra- and inter-assay imprecision below 15% that
was linear after serial sample dilutions.

2.3.3. Behaviour analyses

Digital cameras (Model DS-2CD2145FWD-I, 2.8 mm lens, HIKVI-
SION, CN) were placed 2.3 m above floor level in the farrowing pens and
at 2.8 m in the weaner pens. Video was recorded using Blue Iris v5
software (https://blueirissoftware.com) (1270 x 720 pixels, 15 fps) and
video files were stored on external hard drives and analysed in The
Observer® XT 15 (Noldus®) and Windows Media Player® (Microsoft®).
The order of video observations was randomised by hybrid, weaning
strategy and day.

2.3.3.1. Agonistic behaviour. Agonistic behaviour (fights and attacks)
were recorded on dO, d+1, d+2 and d+7 using all occurrence sampling
(Bateson and Martin, 2021). On dO, events and duration were recorded
from the time of weaning (i.e., in SSF: when the sow was removed from
the pen and in CON: when the pigs entered the weaner pen) and one
hour forward and again from 20:00 until 21:00. On d+1, d+2 and d+7
events of agonistic behaviour were counted in the two time periods
13:00-13:30 and 20:00-20:30. A fight was defined as a reciprocal
interaction between two pigs where both pigs use their head to attack
(push, knock or bite) the other pig’s head region with high intensity. An
attack was defined as a non-reciprocal interaction where the performer
pig uses its head to attack (push, knock or bite) the head region of the
receiver pig. For both fights and attacks the event began at the first
physical contact between two pigs and ended when one of the pigs
withdrew and ended the physical contact. The minimum duration be-
tween two bouts of fights or attacks was 5 s. Agonistic behaviour was
analysed by two observers (observer A observed batch 1 and 3, observer
B observed batch 2 and 4). Due to technical problems, video from the
following days were missing: dO from 20:00-21:00 for all pens from
batch 2 and 4 (seven CON and twelve SSF pens); d+7 for four pens from
batch 1 (one SSF and three CON pens).

2.3.3.2. Tail posture. The tail posture of individual pigs was assessed on
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d-1 and d+1 using 15 min interval instantaneous scan sampling (Bate-
son and Martin, 2021) from 07:00 until 22:00 (60 scans per day). Tail
posture was categorised as high, low or tucked (modified from Camer-
link and Ursinus, 2020). High tail posture denoted a pig having the tip of
the tail in or above the zero-position (zero-position: extension of the tail
from the spinal cord in a slightly downward pointing direction following
the natural curve of the spine). Low tail posture denoted a pig having the
tail below the zero-position, but the tip of the tail pointing outwards (i.
e., not between the hind legs). Tucked tail posture denoted a pig with the
tip of the tail pointing downwards or even inwards between the pig’s
hind legs. Tail posture was only scored on those pigs that were standing
on all legs at each instantaneous moment. Tail posture was not assessed
if the pig or tail was out view. Tail posture was analysed by two ob-
servers (observer A observed batch 1 and 3, and observer B observed
batch 2 and 4).

2.3.3.3. Belly nosing, ear directed and tail directed behaviour. Belly
nosing, ear directed behaviour and tail directed behaviour were
observed using all occurrence sampling (Bateson and Martin, 2021) on
d+7 and d+14 from 20:30-21:30 where the performer and duration was
recorded. Definition of belly nosing (modified from Main et al., 2005):
The performer pig performs a rhythmic up-and-down massage move-
ment with its snout directed towards the receiver pig’s umbilical or
inguinal region for at least 10 s. Definition of ear directed and tail
directed behaviour (modified from Hakansson and Bolhuis, 2021): The
performer pig has the receiver pig’s ear or tail in its mouth or the nose
touches the receiver pig’s ear or tail region (a 10 cm radius from the base
of the ear or tail) in an up, down, sideways or circling movement
(nosing) for at least 5 s. Both pigs can be standing or lying. In batch 1,
video was missing for one SSF and three CON pens on d+7. In batch 4,
video was malfunctioning for four CON pens on d+14 and video from
d+15 was observed instead.

2.4. Statistical analysis

All statistical analyses were performed in R version 4.2.1. P-values <
0.05 were considered significant and < 0.1 as tendencies.

2.4.1. Ear lesions

The five-level ear lesion score was made into a dichotomous variable
with intact skin (category 0 and 1) vs skin not intact (category 2, 3 and
4), and analysed in a binomial generalised linear mixed effects model
(GLMM) with logit link function (mixed effects logistic regression). The
model corresponded to having the following fixed effects: hybrid,
weaning strategy, day (dO, d+1, d+2, d+7 and d+14), their two-way
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1.0
4.9
0.9 d
d 44
08 I 39
o7 i c 3.4
5 08 . We 2o
;; o5 d+1 §
E W § “1a ab @ ab
04 ab 7 1.9 ab ab ab
ab| apab @ | RO
0.3{ab ab 14
ab I ab ab g ’
a
0.2 l I l I @ 0.9
II i ol
| |
0.0 -0.1 l

Applied Animal Behaviour Science 269 (2023) 106106

and three-way interactions (x) but with weaning strategy only being
included on d+1, d+2, d+7, and d+14, weaning age, technician pair
(three paris) and a four-levelled categorical variable indicating each
pig’s weaning weight relative to its littermates (base on the quartiles
(Q1-Q4) of weaning weight within litter). In practice, however, the
model was reparameterised and analysed by defining and using one
variable with the resulting 18 combinations of hybrid, weaning strategy
and day. Batch, pen, litter and pig were initially included as random
effects, however, batch was removed again due to convergence prob-
lems. Results from the statistical model are presented as probability
estimates of ear lesions in Fig. 2A with the exact values and odds ratios
(OR) with 95% confidence interval specified in Supplementary Table S1.
Relevant pairwise comparisons among the eighteen hybrid x weaning
strategy x day combinations were adjustment for multiple testing (56
tests) with Bonferroni’s method and the adjusted P-values are referred to
as Pygj.

2.4.2. Tail lesions

Due to a low number of pigs bitemarks or open wounds, the four level
tail lesion score was made into a dichotomous variable with no tail le-
sions (category 0) vs tail lesions (categories 1, 2 and 3). In addition, d+2
was removed from the dataset due to no tail lesions in DB-SSF. The
response variable tail lesions was analysed in a binomial GLMM with
logit link function including hybrid, weaning strategy, day (dO, d+1,
d+7 and d+14), their two-way and three-way interactions (x) but with
weaning strategy only being included on d+1, d+7, and d+14, weaning
age, technician pair (three pairs) and a four-levelled categorical variable
indicating each pig’s weaning weight relative to its littermates (Q1-Q4).
The model was reparameterised and analysed by defining and using one
variable with the resulting 14 combinations of hybrid, weaning strategy
and day. Batch, pen, litter and pig were initially included as random
effects, however, batch was removed again due to convergence prob-
lems. Results from the statistical model are presented as probability
estimates of tail lesions in Fig. 2B with the exact values and OR specified
in Supplementary Table S2. Relevant pairwise comparisons among the
fourteen hybrid x weaning strategy x day combinations were adjust-
ment for multiple testing (36 tests) with Bonferroni’s method and the
adjusted P-values are referred to as P,g;.

2.4.3. Saliva cortisol

Saliva cortisol concentrations per pig were log-transformed and
analysed in a linear mixed effects model (LMM) including following
categorical fixed effects: hybrid, weaning strategy, day (d-1, d+1, d+2),
their two-way interactions and the three-way interaction but with
weaning strategy only included d+1 and d+2. In addition, weaning age,

b
ab
I a

C Saliva cortisol concentrations
10

c
9
be
8
7
ab
me e
ab o
ab b a1 % 5
ab @ &7 =
@ Wo: ¢
3
0

be abc

il

be

abc

T

| KR

d+1

. d+2

B
B
|

ZuZuwZuwuZuwZIuwzuwiuwuw Z w Zuw Z
QNOunOBQBOBQQ®w OV Q® QO w Q v 9
999929999992929929¢2 9929229
DZzZO0OZZO0ZZO0ZZO0ZZ 0z om®z z @
OFO0O0FFOQOFFOOFFOOEFR aFoaofFFo

DB-SSF

Z w Zuw Zuw Z u Z u Z u Z u
Qu O v QO u QO v O w 9O v O
$43%¢%% 2 %43%3%%¢%
zZz ooz z 0z 0O O 9z z © @ z Z
[ =S == R R = = a O 6 F 4o 4o F

Fig. 2. A) The probability of ear lesions (+ SE), (B) tail lesions (& SE) and (C) mean saliva cortisol concentration (& SE) in the hybrid DB and TN allocated to weaning
strategy SSF or CON on given days (d) relative to the day of weaning (d0). Different letters indicate significant (P < 0.05) pairwise comparisons among hybrid,

weaning strategy, day combinations within each panel.



J.F.M. Winters et al.

pig weight category (pig weight d-2 among the 25% lightest or 25%
heaviest in the litter), the identity of the technician pair (three pairs),
and the duration (continuous) from the technicians entered the pen until
saliva sampling on the individual pig were also included in the model. As
for the analysis of ear lesions, the model was reparameterised by using a
factor having the resulting 10 combinations of hybrid, weaning strategy
and day. Batch was included as a random effect. Litter and pen were also
included as random effects in a partially nested structure, as the random
effects of litter and pen were identical for pigs in weaning strategy SSF.
Furthermore, a continuous-time first order autoregressive covariance
structure (corCAR1) was used to account for the correlation among
repeated measurements from the same pig. The assumption of normality
was checked by visual inspection of residual qg-plots. The estimated
marginal means (EM-means + SE) are illustrated in Fig. 2C and specified
in Supplementary Table S3. P-values of pairwise comparisons among the
ten hybrid x weaning strategy x day combinations were adjusted for
multiple testing (21 tests) with Bonferroni’s method.

2.4.4. Agonistic behaviour

Since fights were defined as a reciprocal action, each fight event was
assigned to both pigs involved in the fight. For attacks, the behaviour
was only assigned to the aggressor. The number of fights and attacks
were summed per performer pig(s) on d0, d+1, d+2 and d+7. Fights and
attacks were analysed in two separate GLMMs using a zero-inflated
Poisson model with log link function to account for the large number
that did not perform any fights or attacks. Hybrid, weaning strategy,
day, their two-way and three-way interactions were included as cate-
gorical fixed effects together with weaning age, a four-levelled cate-
gorical variable indicating each pig’s weaning weight relative to its
littermates (base on the quartiles of weaning weight within litter) and
observer (A or B). However, the tree-way interaction was removed in
both models due to large standard errors because combination DB-SSF,
d+2 and d+7 had no fights. In the model of fights, the zero-inflated part
allowed differences among the four different hybrid x weaning strate-
gies, whereas the model of attacks included one common zero-inflation
parameter. Batch, pen, litter and pig were included as random effects,
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but batch was removed again in the model of attacks due to convergence
problems. Total observation time varied among pens due to disturbance
during data collection. Therefore, the logarithm of the total observation
time in each pen was included as offset in the model. Results are pre-
sented as incidence rate ratios (IRR) with 95% CI Model estimates of the
rate + SE of fights and attacks (per pig per h) are illustrated in Fig. 3 and
specified in Supplementary Table S4. P-values of pairwise comparisons
among the eight hybrid x day combinations and eight weaning strategy
x day combinations were adjusted for multiple testing (28 tests) with
Tukey’s method.

2.4.5. Belly nosing, ear directed and tail directed behaviour

The number of events of belly nosing, ear directed and tail directed
behaviour were summed for each performer pig on d+7 and d+14 and
analysed in three separate GLMMs using zero-inflated Poisson models
with log link function. The following categorical fixed effects were
included: hybrid, weaning strategy, day, their two-way and tree-way
interactions, weaning age, and a four-levelled categorical variable
indicating each pig’s weaning weight category (quartile) relative to its
littermates. The zero-inflated part allowed differences among the four
groups of hybrid x weaning strategies. Batch, pen, litter and pig were
included as random effects. However, in the model of belly nosing, the
random effect of pig was removed again due to convergence problems.
Results are presented as IRRs with 95% CI. Model estimates of the rate +
SE of belly nosing, ear directed and tail directed behaviour are presented
in Fig. 4 and specified in Supplementary Table S5. For ear directed
behaviour P-values of pairwise comparisons among the four hybrid x
day combinations were adjusted for multiple testing (6 tests) with
Tukey’s method.

2.4.6. Tail posture

The number of scans with tucked tails and high tails were analysed in
two separate GLMMs. Due to a low number of scans where pigs had a
tucked tail, this response variable was analysed using a zero-inflated
Poisson model with log link function. The number of scans where pigs
had a high tail posture was analysed correspondingly but without zero-
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Fig. 3. The rate + SE of agonistic behaviour per pig per day (d) on the day of weaning (d0) and d+1, d+2 and d+7 postweaning in pigs from the two hybrid DB and
TN allocated to weaning strategy SSF or CON. Panels A and B show the interaction weaning strategy x day on the rate of fights and attacks, respectively. Panels C and
D show the interaction hybrid x day on the rate of fight and attacks, respectively. The different letters indicate significant (P < 0.05) pairwise comparisons among the

8 combinations within each panel.
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Fig. 4. The rate + SE of belly nosing, ear directed and tail directed behaviour on day (d) +7 and d+14 postweaning in the two hybrids DB and TN allocated to
weaning strategy SSF or CON. A) The main effect of hybrid on the rate of belly nosing, B) the main effect of day on the rate of belly nosing, C) the interaction hybrid x
day on the rate of ear directed behaviour, D) the main effect of weaning strategy on the rate of tail directed behaviour, and E) the main effect of day on the rate of tail
directed behaviour. The different letters indicate significant (P < 0.05) differences within each panel.

inflation. The logarithm of total number of tail posture scans per pig per
day (min-max: 1-23 scans per pig per day) was included as offset in both
models. The following categorical fixed effects were included in the
models: hybrid, weaning strategy, day (d-1, d+1), their two-way and
three-way interactions (with weaning strategy only being included on
d+1) and observer (A and B). Again, the model was reparameterised by
defining a factor containing the 6 combinations of hybrid, weaning
strategy and day. The zero-inflated part allowed for differences between
the 6 hybrid x weaning strategies x day combinations. Due to conver-
gence problems only litter was included as random effect. Model esti-
mates of the rate + SE of tucked and high tails are presented in Fig. 5 and
specified in Supplementary Table S6. P-values of pairwise comparisons
among the six hybrid x weaning strategy x day combinations were
adjusted for multiple testing (15 tests) with Tukey’s method.

3. Results
3.1. Ear lesions

The probability of a pig having ear lesions on a given day is illus-
trated in Fig. 2A (For specific values and odds ratios see Supplementary
Table S1). On dO, just before weaning, the odds that a pig had ear lesions
was similar in both hybrids. In weaning strategy CON, pigs from both
hybrids had a higher odds of having ear lesions on d+1 compared to dO.
In addition, the odds of having ear lesions was between 8.6 and 13.0
times higher on d+1 for CON compared to SSF (P,g; < 0.001). For both
DB-CON and TN-CON, the odds of a pig having ear lesions decreased
from d+1 to d+2, and stabilised on d+7 and d+14 to a level similar to

before weaning. For weaning strategy SSF the odds of ear lesions did not
increase after weaning irrespective of hybrid. In addition, the heaviest
pigs within a litter (Q4) had a higher odds of having ear lesions than the
lightest pigs within a litter (Q1) (See Fig. 6A and Supplementary
Table S7). The factors technician pair and age at weaning were not
significant.

3.2. Tail lesions

The probability of a pig having tail lesions (note: including all cat-
egories of lesions) is presented in Fig. 2B (Values and odds ratios are
specified in Supplementary Table S2). The odds of tail lesions increased
almost 8 times from dO to d+7 In DB-SSF (P,q; = 0.048), whereas no
increase in tail lesions was observed in the other hybrid x weaning
strategy combinations. Pair of technicians scoring tail lesions was sig-
nificant (y3 = 41.1, P < 0.001), but weaning age and within litter
weaning weight were not.

3.3. Saliva cortisol

Estimated marginal means of saliva cortisol concentrations are pre-
sented in Fig. 2C and Supplementary Table S3. On d-1, saliva cortisol
concentrations were similar in the two hybrids. Saliva cortisol concen-
trations did not increase after weaning in any of the four hybrid x
weaning strategy combinations. On the contrary, the saliva cortisol
concentration decreased from d-1 to d+1 for TN-SSF, and remained
lower on d+2 compared to before weaning. On d+1, no difference in
saliva cortisol concentrations was found among the four hybrid x
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(d-1) and after weaning (d+1) in pigs from the two hybrids DB and TN allocated
to weaning strategy SSF or CON. The different letters indicate significant (P <
0.05) pairwise comparisons within each panel.

weaning strategy combination. On d+2, TN-SSF had significant lower
saliva cortisol concentrations than TN-CON, but not lower than DB-SSF.
Saliva cortisol concentration was affected by the pair of technicians
handling the pigs (y2 = 6.6, P = 0.035), but not by weaning age, pig
within litter weight category nor the duration from technicians entering
the pen until saliva sampling of the individual pig (median = 2 min;
min-max = 0-22 min).

3.4. Agonistic behaviour

3.4.1. Fights

The rate of fights per pig per hour are presented in Fig. 3A and the
incidence rate ratios in Supplementary Table S4. There was a two-way
interaction weaning strategy x day in that the rate of fights was 23
times higher on the day of weaning (d0) in weaning strategy CON
compared to SSF (Fig. 3A). On the following days the rate of fight
decreased in CON to a rate similar to that in SSF. For SSF, the rate of
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Fig. 6. The probability + SE of ear lesions (A), and the rate + SE of fights (B),
attacks (C) and belly nosing (D) per pig weaning weight quartile (Q1-Q4)
relative to its litter mates. The different letters indicate significant (P < 0.05)
pairwise comparisons among the four weight quartiles within each panel.

fights was low and did not differ among days. The interaction hybrid x
day was significant, but only between non relevant pairwise compari-
sons. The interaction hybrid x weaning strategy and weaning age were
not significant. Observer was significant (y3 = 8.2, P = 0.004). The
heaviest pigs in the litter (Q4) had a higher rate of fights than their
smallest litter mates (Q1) (see Fig. 6B and Supplementary Table S7).

3.4.2. Attacks

The rate of attacks per pig per hour is presented in Fig. 3B and the
incidence rate ratios in Supplementary Table S4. The significant two-
way weaning strategy x day showed a 42 times higher rate of attacks
on dO in weaning strategy CON compared to SSF. Also on d+1 the rate of
attacks was 5 times higher in CON than SSF, whereafter the rate of at-
tacks reached a similar low level on d+2 and d+7. Again, the two-way
interaction hybrid x day was significant, but only between non relevant
pairwise comparisons. The two-way interaction hybrid x weaning
strategy and factor weaning age were not significant. Observer was
significant (y? = 7.0, P = 0.008). The rate of attacks increased stepwise
with increasing pig weaning weight category i.e., heavier pigs within the
litter attacked more often (Fig. 6C and Supplementary Table S7).
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3.5. Abnormal behaviour

3.5.1. Belly nosing

The rate of belly nosing per pig per hour is shown in Fig. 4. The three-
way interaction hybrid x weaning strategy x day and two-way in-
teractions hybrid x weaning strategy and hybrid x day were not sig-
nificant. The two-way interaction weaning strategy x day was
significant (P = 0.034) but removed from the model, since pairwise
testing showed only differences between non irrelevant comparisons.
After removal of all interaction terms, there was a main effect of hybrid
and day but not of weaning strategy (for details see Supplementary
Table S4). Overall, the lighter hybrid DB had a 5 times higher rate of
belly nosing compared to the heavier hybrid TN (Fig. 4A). In both hy-
brids, the rate of belly nosing increased almost 4 times from d+7 to
d+14 (Fig. 4B). Weaning age was not significant. Pigs belonging to the
lightest weight quartile within each litter (Q1) had a higher rate of belly
nosing compared to pigs from Q2 and Q3, but not higher than the
heaviest pigs (Q4) (Fig. 6D and Supplementary Table S7).

3.5.2. Ear directed behaviour

The three-way interaction hybrid x weaning strategy x day, and
two-way interactions hybrid x weaning strategy and weaning strategy x
day were not significant. The two-way interaction hybrid x day (Sup-
plementary Table S4) was significant. On d+7, the rate of ear directed
behaviour tended to be higher in the lighter hybrid DB than the heavier
hybrid TN (P,q; = 0.065). However, the rate of ear directed behaviour
doubled in from d+7 to d+14 in TN reaching the same rate as that in DB
on d+14 (Fig. 4C). Weaning age was not significant. The rate of ear
directed behaviour tended to be higher in the lightest pigs (Q1)
compared to the heaviest pigs (Q4) within the litter (Paq; = 0.10) but
there was no difference among the other quartiles (Supplementary
Table S7).

3.5.3. Tail directed behaviour

The three- and two-way interactions between hybrid, weaning
strategy and day were not significant. After removal of the interaction
terms, there was a main effect of weaning strategy and day. The rate of
tail directed behaviour has 2.5 times higher in CON than SSF, but
increased in both weaning strategies from d+7 to d+14 (Figs. 4D and
4E). There was no effect of hybrid, weaning age nor within litter
weaning weight quartile.

3.6. Tail posture

Due to varying amounts of active pigs in each observed image frame,
the median (min-max) number of scans per pig per day was 9 (0—23) out
of maximum 60 possible scans per day. The median (min-max) of scans
on which a pig had a tucked tail posture was 0 (0—5) scans per pig per
day, and a high tail posture 8 (0—22) scans per pig per day. Model es-
timates of rate of tucked and high tails per pig per h are shown in Fig. 5
and specified in Supplementary Table S6. In both hybrids, the rate of
high tails increased from before (d-1) to after weaning (d+1) if pigs were
allocated to weaning strategy CON. In addition, the rate of high tails was
higher for CON compared to SSF irrespectively of hybrid (Fig. 5A). The
rate of tucked tails was lower in DB-CON on the d+1 compared to before
weaning (d-1), but no differences were seen in the other hybrid x
weaning strategy combinations (Fig. 5B).

4. Discussion
4.1. Agonistic behaviour and ear lesions

As expected, and found in previous studies (Ekkel et al., 1995; Colson
et al., 2012), SSF weaning in the pen of birth reduced agonistic behav-

iour and ear lesions compared to conventional weaning. In conven-
tionally weaned pigs, the rate of fights and attacks decreased to a stable
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rate after the first two days postweaning indicating that the social hi-
erarchy had been established (Meese and Ewbank, 1973). We found no
difference in the rate of fights or attacks between the heavier and lighter
hybrid. Irrespectively of hybrid, we found that the rate of fights, attacks
and ear lesions increase with heavier within litter weight category,
which supports the results of Prevolnik Povse et al. (2021) and Mesarec
et al. (2021) that pigs initiating a fight in general are heavier than their
opponent.

4.2. Saliva cortisol

Saliva cortisol concentration was used as stress biomarker reflecting
hypothalamic-pituitary-adrenal activity as an response to stressors
(separation from the sow, mixing of unfamiliar pig and moving to an
novel environment) at weaning (Ekkel et al., 1995; Moscovice et al.,
2022). Surprisingly, we did not see an increase in saliva cortisol from the
day before to the day after weaning, nor any difference among the four
hybrid x weaning strategy combinations on the day after weaning. We
used a similar sampling method and timing as Colson et al. (2012), Yang
et al. (2018) and Escribano et al. (2019) but were, in contrast to these
studies, unable to detect an increase in saliva cortisol when pigs were
conventionally weaned. However, in Colson et al. (2012) saliva cortisol
did not increase postweaning in pigs that stayed in the farrowing pen.
Surprisingly, we found lower saliva cortisol concentrations after wean-
ing (from d+1 in TN and d+2 in DB) compared to before weaning when
pigs stayed in the farrowing pen (SSF weaning). According to Jarvis
et al. (2008), saliva cortisol was higher during the suckling period
compared to one week postweaning. We therefore speculate that the
lower saliva cortisol concentration postweaning may be a consequence
of the absence of the hourly suckling periods in combination with pro-
longed periods of resting when weaned in the farrowing pen. On d+2,
the SSF weaning strategy lowered saliva cortisol concentrations in the
heavier hybrid TN, although it was not lower than in the lighter hybrid
DB when weaned the same way. Hence, our results only partly supports
Ekkel et al. (1995) and Colson et al. (2012) in that weaning intact litters
in the pen of birth reduces saliva cortisol compared to conventional
weaning.

4.3. Tail posture

In this study, we assessed the pig’s tail posture on the day before and
day after weaning and expected un-thriving pigs to have a higher rate of
tucked tail posture as a potential indicator of negative affective states
(Camerlink and Ursinus, 2020) caused by pain, sickness or incidences of
tail biting in the pen (Larsen et al., 2018). However, we did not see an
increase in the rate of tucked tails on the day postweaning in any of the
four hybrid x weaning strategy combinations. On the contrary, the
lighter hybrid DB had a lower rate of tucked tails when weaned
conventionally. Our results on tail lesion scores support that tail biting
was not present at the time of weaning, which may be reflected in the
overall low rate of tucked tails. We found a higher rate of high tails in
conventionally weaned pigs. High tail posture has been associated with
neutral or positive affective state, but may also indicate high arousal
irrespective of valence (Camerlink and Ursinus, 2020). In the present
study, the increased rate of high tails may therefore indicate a state of
high arousal as a consequence of being moved to a new environment
with novel social stimuli. Nevertheless, we only recorded tail posture in
pigs that were standing upright as recommended by Camerlink and
Ursinus (2020). Thus, we cannot rule out that unthriving pigs that were
lying down were missed using this recording method. More research is
needed to understand the communicative value of the different tail
postures in relation to the animal’s activity budget and to optimise the
recording method.
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4.4. Abnormal behaviour

As expected, the lighter hybrid DB performed more belly nosing
compared to the heavier hybrid. According to Colson et al. (2006) and
Bench and Gonyou (2009), belly nosing increases in frequency over the
first weeks postweaning, which was also the case in the present study,
where the rate of belly nosing increased in both hybrid from day 7-14
postweaning. Hence, with the present weaning strategies and weaning
age, development of belly nosing could be delayed, but not avoided, by
using the heavier hybrid. Torrey and Widowski (2006) found that per-
formers of belly nosing tended to be smaller at birth and weaning, and
have a lower postweaning growth compared to their littermates.
Therefore Torrey and Widowski (2006) suggested that belly nosing is
related to the individual pig’s nutritive status, as pigs that suckled the
sow more frequently were less likely to develop belly nosing post-
weaning. In the lighter hybrid DB, factors such as lower birth weight and
larger litter size may influence suckling success and nutritional status,
which postweaning may trigger the development of abnormal behav-
iour. According to Valros et al. (2021), pigs with a higher growth rate
during the suckling and postweaning period perform more pig directed
nosing behaviour. Also ear directed behaviour tended to develop earlier
in the lighter hybrid DB compared to the heavier hybrid TN. In our
study, the number of piglets were reduced to the maximum number of
functional teats for ethical reasons. Removing surplus piglets on day 3 pp
may have reduced the negative effect of large litters especially in the
hybrid DB on the measured stress and behaviour responses.

Irrespectively of hybrid, we found a higher rate of belly nosing in the
lightest within litter weight category although the heaviest weight
category was not significantly different from the lightest. The abrupt
dietary change from sow milk to a grain based diet is a risk factor for
developing abnormal behaviours postweaning (Valros, 2018; Prunier
et al., 2020), and our previous study (Winters et al., 2023) showed that
the heaviest pigs at weaning lost most weight and that heavier pigs had
less feed trough visits.

Aratijo et al. (2010) reduced pig directed nosing behaviour in newly
weaning pigs by feeding highly digestible protein sources (spay-dried
plasma protein and milk powder) opposed to feeding corn or soybean
meal diets, and Vodolazska et al. (2022) increased pigs’ postweaning
feed intake by offering liquid feed during the suckling and postweaning
period in combination with weaning at 35 days of age. Hence, using a
heavier hybrid combined with initiatives that eases the transition from
sow milk to solid feed (diet composition and/or later weaning) may
alleviate stress associated with hunger during the early postweaning
period and thereby reduce the risk of pigs developing abnormal
behaviours.

Regarding weaning strategy, we expected that SSF pigs would to
perform less abnormal behaviour, since novel social- and environmental
interactions were omitted. However, no effect of weaning strategy was
seen on belly nosing and ear directed behaviour. Colson et al. (2012)
found no difference in the frequency of massaging and sucking behav-
iour between pigs housed with littermates in the farrowing pen or pigs
that were mixed and moved postweaning. However, Colson et al. (2012)
only observed during the first two days postweaning which may have
been too early postweaning to detect these abnormal behaviours as the
present results show. Gardner et al. (2001), found no association be-
tween higher stocking density and the frequency of belly nosing in early
weaned pigs (12-14 days of age) during the first 21 days postweaning.
Hence, other factors such as the abrupt dietary change, rather than so-
cial stress caused by mixing and moving may trigger the development of
belly nosing in young pigs. On the contrary to belly nosing, social and
environmental stress are potential risk factors for tail biting (Valros,
2018), which may explain higher rate of tail directed behaviour in our
pigs that conventionally weaned. Our results on tail scores did not show
problems with tail lesions during the first two weeks postweaning
although redness/swelling and tail directed behaviour could be a pre-
cursor for tail biting later on in life (Ursinus et al., 2014).
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5. Conclusion

Opposed to conventional weaning (CON), specific-stress-free (SSF)
weaning in the pen of birth reduced agonistic behaviour, ear lesions and
reduced tail directed behaviour. The heavier hybrid TN had a lower rate
of belly nosing than the lighter hybrid DB. However, using the heavier
hybrid did not reduce the motivation to perform abnormal behaviour,
since the rate of belly nosing and ear directed behaviour increased over
time. On d+2, the SSF weaning strategy reduced saliva cortisol in the
heavier hybrid TN compared to CON, although saliva cortisol was not
lower compared to the lighter hybrid DB housed the same way. In the
conventional weaning strategy, no difference was found between the TN
and DB pigs on stress and behaviour indicators. Although SSF weaning
and using a heavier hybrid could reduce some measures of stress,
additional initiatives that mitigate stress associated with the abrupt di-
etary change (e.g., increasing pre-weaning feed intake or weaning age)
are needed.

Ethics approval

The procedures used in this study were in accordance with the
Danish legislation on animal experimentation (Ministry of Food Agri-
culture and Fisheries of Denmark, 2014).

Financial support statement

This study was conducted as a part of the Veterinary agreement III
funded by the Ministry of Food, Agriculture and Fisheries of Denmark.
Part of the paper was funded by European Union’s Horizon 2020
(project “Clear farm” grant agreement No. 862919.).

CRediT authorship contribution statement

Jeanet Francisca Maria Winters: Conceptualisation, Methodology,
Investigation, Formal analysis, Writing — original draft. Cecilie Kobek-
Kjeldager: Writing review & editing, supervision. Leslie Foldager:
Formal analysis, Writing — review and editing, supervision. Fernando
Tecles: Formal analysis, review. Lene Juul Pedersen: Conceptualisa-
tion, Methodology, Writing — review & editing, Supervision, Project
administration, Funding acquisition.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data Availability
Data are not deposited in an official repository.
Acknowledgements

A sincere thanks to the staff at Aarhus University pig research fa-
cilities, Carsten Kjeerulff Christensen, Dines Thgger Bolt, Ida Hgjgaard
Kristoffersen, John Misa Obidah, Mads Ravn Jensen, Mona Lilian
Vestbjerg Larsen and Thomas Rebsdorf for their contributions to this
study. We also thank Luis Pardo, from the Interdisciplinary Laboratory
of Clinical Analysis of the University of Murcia, Spain, for his support
during the cortisol analyses.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.applanim.2023.106106.


https://doi.org/10.1016/j.applanim.2023.106106

J.F.M. Winters et al.

References

Aratjo, W.A.G., Ferreira, A.S., Renaudeau, D., Brustolini, P.C., Silva, B.A.N., 2010.
Effects of diet protein source on the behavior of piglets after weaning. Livest. Sci.
132, 35-40. https://doi.org/10.1016/j.livsci.2010.04.018.

Bateson, M., Martin, P., 2021. Measuring Behaviour: An Introductory Guide, fourth ed.
Cambridge University Press,, Cambridge.

Beaulieu, A.D., Aalhus, J.L., Williams, N.H., Patience, J.F., 2010. Impact of piglet birth
weight, birth order, and litter size on subsequent growth performance, carcass
quality, muscle composition, and eating quality of pork. J. Anim. Sci. 88,
2767-2778. https://doi.org/10.2527 /jas.2009-2222.

Bench, C.J., Gonyou, H.W., 2009. Ontogeny of belly nosing in pigs weaned at 14 days of
age: A study from weaning to 13 weeks of age. Can. J. Anim. Sci. 89, 187-194.
https://doi.org/10.4141/CJAS09003.

Bruni, A., Quinton, V.M., Widowski, T.M., 2008. The effect of feed restriction on belly
nosing behaviour in weaned piglets. Appl. Anim. Behav. Sci. 110, 203-215. https://
doi.org/10.1016/j.applanim.2007.03.016.

Camerlink, I., Ursinus, W.W., 2020. Tail postures and tail motion in pigs: a review. Appl.
Anim. Behav. Sci. 230, 9. https://doi.org/10.1016/j.applanim.2020.105079.

Campbell, J.M., Crenshaw, J.D., Polo, J., 2013. The biological stress of early weaned
piglets. J. Anim. Sci. Biotechnol. 4, 19-41. https://doi.org/10.1186/2049-1891-4-
19.

Camp Montoro, J., Boyle, L.A., Sola-Oriol, D., Muns, R., Gasa, J., Garcia Manzanilla, E.,
2021. Effect of space allowance and mixing on growth performance and body lesions
of grower-finisher pigs in pens with a single wet-dry feeder. Porc. Health Manag. 7,
7. https://doi.org/10.1186/s40813-020-00187-7.

Colson, V., Martin, E., Orgeur, P., Prunier, A., 2012. Influence of housing and social
changes on growth, behaviour and cortisol in piglets at weaning. Physiol. Behav.
107, 59-64. https://doi.org/10.1016/j.physbeh.2012.06.001.

Declerck, 1., Dewulf, J., Sarrazin, S., Maes, D., 2016. Long-term effects of colostrum
intake in piglet mortality and performance. J. Anim. Sci. 94, 1633-1643. https://doi.
0rg/10.2527/jas.2015-9564.

Devillers, N., Le Dividich, J., Prunier, A., 2011. Influence of colostrum intake on piglet
survival and immunity. Animal 5, 1605-1612. https://doi.org/10.1017/
S$175173111100067X.

Ekkel, E.D., van Doorn, C.E.A., Hessing, M.J.C., Tielen, M.J.M., 1995. The Specific-Stress-
Free housing system has positive effects on productivity, health, and welfare of pigs.
J. Anim. Sci. 73, 1544-1551. https://doi.org/10.2527/1995.7361544x.

Escribano, D., Fuentes-Rubio, M., Cerdn, J.J., 2012. Validation of an automated
chemiluminescent immunoassay for salivary cortisol measurements in pigs. J. Vet.
Diagn. Investig. 24, 918-923. https://doi.org/10.1177/1040638712455171.

Escribano, D., Ko, H.-L., Chong, Q., Llonch, L., Manteca, X., Llonch, P., 2019. Salivary
biomarkers to monitor stress due to aggression after weaning in piglets. Res. Vet. Sci.
123, 178-183. https://doi.org/10.1016/j.rvsc.2019.01.014.

European Food Safty Authority, 2005. Opinion of the Scientific Panel on Animal Health
and Welfare on a request from the Commission related to welfare of weaners and
rearing pigs: effects of different space allowances and floor types. EFSA J. 268, 1-19.
https://doi.org/10.2903/j.efsa.2005.268.

Franchi, G.A., Larsen, M.L.V., Kristoffersen, I.H., Winters, J.F.M., Pedersen, L.J.,
Jensen, M.B., 2023. Play behaviour positively relates to weight gain, feeding
behaviour and drinking behaviour in weaner pigs (Sus scrofa. Appl. Anim. Behav.
Sci. 259, 105836 https://doi.org/10.1016/j.applanim.2023.105836.

Franchi, G.A., Larsen, M.L.V., Winters, J.F.M., Jensen, M.B., Pedersen, L.J., 2022.
Investigating the effects of two weaning methods and two genetic hybrids on play
behavior in weaner pigs (Sus scrofa. Front. Anim. Sci. 3, 909038 https://doi.org/
10.3389/fanim.2022.909038.

Gardner, J.M., Duncan, I.J.H., Widowski, T.M., 2001. Effects of social “stressors” on
belly-nosing behaviour in early-weaned piglets: is belly-nosing an indicator of stress?
Appl. Anim. Behav. Sci. 74, 135-152. https://doi.org/10.1016/50168-1591(01)
00158-7.

Hakansson, F., Bolhuis, J.E., 2021. Tail-biting behaviour pre-weaning: Association
between other pig-directed and general behaviour in piglets. Appl. Anim. Behav. Sci.
241, 105385 https://doi.org/10.1016/j.applanim.2021.105385.

Hansen, C., 2022. Landsgennemsnit for produktivitet i produktionen af grise i 2021,
SEGES innovation. Retrieved on 15 November 2022 from (https://svineproduktion.
dk/Publikationer/Kilder/Notater/2021/2115).

Jarvis, S., Moinard, C., Robson, S.K., Sumner, B.E.H., Douglas, A.J., Seckl, J.R., Russell, J.
A., Lawrence, A.B., 2008. Effects of weaning age on the behavioural and
neuroendocrine development of piglets. Appl. Anim. Behav. Sci. 110, 166-181.
https://doi.org/10.1016/j.applanim.2007.03.018.

Kobek-Kjeldager, C., Larsen, M.L.V., Pedersen, L.J., 2023. Changes in piglet and litter
characteristics across parities in two highly prolific sow hybrids in an outdoor
organic herd. Anim. Sci. J. 94, €13840 https://doi.org/10.1111/asj.13840.

10

Applied Animal Behaviour Science 269 (2023) 106106

Larsen, M.L.V., Andersen, H., Pedersen, L., 2018. Tail posture as a detector of tail damage
and an early detector of tail biting in finishing pigs. Appl. Anim. Behav. Sci. 209,
30-35. https://doi.org/10.1016/j.applanim.2018.08.016.

Le Dividich, J., Seve, B., 2000. Effects of underfeeding during the weaning period on
growth, metabolism, and hormonal adjustments in the piglet. Domest. Anim.
Endocrinol. 19, 63-74. https://doi.org/10.1016/50739-7240(00)00067-9.

Mesarec, N., Skok, J., Skorjanc, D., Prevolnik Povse, M., 2021. Group dynamics in a
spontaneously established group of newly weaned piglets. Appl. Anim. Behav. Sci.
238, 105317 https://doi.org/10.1016/j.applanim.2021.105317.

Main, R.G., Dritz, S., Tokach, M., Goodband, R.D., Nelssen, J.L., Loughin, T.M., 2005.
Effects of weaning age on postweaning belly-nosing behavior and umbilical lesions
in a multi-site production system. J. Swine Health Prod. 13, 259-264.

Meese, G.B., Ewbank, R., 1973. The establishment and nature of the dominance
hierarchy in the domesticated pig. Anim. Behav. 21, 326-334. https://doi.org/
10.1016/50003-3472(73)80074-0.

Merlot, E., Meunier-Salaiin, M.-C., Prunier, A., 2004. Behavioural, endocrine and
immune consequences of mixing in weaned piglets. Appl. Anim. Behav. Sci. 85,
247-257. https://doi.org/10.1016/j.applanim.2003.11.002.

Ministry of food agriculture and fisheries of Denmark, 2014. Bekendtggrelse af lov om
dyreforspg. LBK nr. 474. Retrieved on 26 July 2023 from (https://www.retsinformat
ion.dk/eli/lta/2014/474).

Moscovice, L.R., Gimsa, U., Otten, W., Eggert, A., 2022. Salivary cortisol, but not
oxytocin, varies with social challenges in domestic pigs: implications for measuring
emotions. Front Behav. Neurosci. 16, 899397 https://doi.org/10.3389/
fnbeh.2022.899397.

Prevolnik Povse, M., Mesarec, N., Skok, J., Skorjanc, D., 2021. Agonistic interactions
between littermates reappear after mixing multiple litters at weaning in pigs. Agric.
(Switz. ) 11, 844. https://doi.org/10.3390/agriculture11090844.

Prunier, A., Valros, A., Tallet, C., Turner, S., 2020. The suckling and weaned piglet.
Wageningen Academic Publishers.

Quiniou, N., Dagorn, J., Gaudré, D., 2002. Variation of piglets’ birth weight and
consequences on subsequent performance. Livest. Prod. Sci. 78, 63-70. https://doi.
org/10.1016/50301-6226(02)00181-1.

Schild, S.-L.A., Foldager, L., Rangstrup-Christensen, L., Pedersen, L.J., 2020.
Characteristics of piglets born by two highly prolific sow hybrids. Front. Vet. Sci. 7,
355. https://doi.org/10.3389/fvets.2020.00355.

Torrey, S., Widowski, T.M., 2006. Is belly nosing redirected suckling behaviour. Appl.
Anim. Behav. Sci. 101, 288-304. https://doi.org/10.1016/j.applanim.2006.02.009.

Turner, S.P., Farnworth, M.J., White, .M.S., Brotherstone, S., Mendl, M., Knap, P.,
Penny, P., Lawrence, A.B., 2006. The accumulation of skin lesions and their use as a
predictor of individual aggressiveness in pigs. Appl. Anim. Behav. Sci. 96, 245-259.
https://doi.org/10.1016/j.applanim.2005.06.009.

Ursinus, W.W., Van Reenen, C.G., Kemp, B., Bolhuis, J.E., 2014. Tail biting behaviour
and tail damage in pigs and the relationship with general behaviour: Predicting the
inevitable. Appl. Anim. Behav. Sci. 156, 22-36. https://doi.org/10.1016/].
applanim.2014.04.001.

Valros, A., 2018. - Tail biting. In: Spinka, M. (Ed.), Advances in Pig Welfare. Woodhead
Publishing,, pp. 137-166.

Valros, A., Sali, V., Halli, O., Saari, S., Heinonen, M., 2021. Does weight matter?
Exploring links between birth weight, growth and pig-directed manipulative
behaviour in growing-finishing pigs. Appl. Anim. Behav. Sci. 245, 105506 https://
doi.org/10.1016/j.applanim.2021.105506.

Vente-Spreeuwenberg, M.A.M., Verdonk, J.M.A.J., Beynen, A.C., Verstegen, M.W.A.,
2003. Interrelationships between gut morphology and faeces consistency in newly
weaned piglets. Anim. Sci. 77, 85-94. https://doi.org/10.1017/
$1357729800053686.

Vodolazska, D., Kappel Theil, P., Feyera, T., Lauridsen, C., 2022. The influence of
nutritional supplementation and weaning age on health, intestinal morphology and
performance of piglets pre- and post-weaning. Anim. - Sci. Proc. 13, 222 P207.
https://doi.org/10.1016/j.anscip.2022.03.410.

Wallgren, T., Larsen, A., Gunnarsson, S., 2019. Tail Posture as an Indicator of Tail Biting
in Undocked Finishing Pigs. Animals 9. https://doi.org/10.3390/ani9010018.

Winters, J.F.M., Foldager, L., Pedersen, L.J., 2023. Postweaning growth and feeding
behaviour in pigs: effect of heavier hybrid and weaning intact litters in farrowing
pens for loose-housed sows. animal 17, 100688. https://doi.org/10.1016/j.
animal.2022.100688.

Yang, C.-H., Ko, H.-L., Salazar, L.C., Llonch Fernandez, L., Manteca, X., Camerlink, I.,
Llonch, P., 2018. Pre-weaning environmental enrichment increases piglets’ object
play behaviour on a large scale commercial pig farm. Appl. Anim. Behav. Sci. 202,
7-12. https://doi.org/10.1016/j.applanim.2018.02.004.


https://doi.org/10.1016/j.livsci.2010.04.018
http://refhub.elsevier.com/S0168-1591(23)00278-2/sbref2
http://refhub.elsevier.com/S0168-1591(23)00278-2/sbref2
https://doi.org/10.2527/jas.2009-2222
https://doi.org/10.4141/CJAS09003
https://doi.org/10.1016/j.applanim.2007.03.016
https://doi.org/10.1016/j.applanim.2007.03.016
https://doi.org/10.1016/j.applanim.2020.105079
https://doi.org/10.1186/2049-1891-4-19
https://doi.org/10.1186/2049-1891-4-19
https://doi.org/10.1186/s40813-020-00187-7
https://doi.org/10.1016/j.physbeh.2012.06.001
https://doi.org/10.2527/jas.2015-9564
https://doi.org/10.2527/jas.2015-9564
https://doi.org/10.1017/S175173111100067X
https://doi.org/10.1017/S175173111100067X
https://doi.org/10.2527/1995.7361544x
https://doi.org/10.1177/1040638712455171
https://doi.org/10.1016/j.rvsc.2019.01.014
https://doi.org/10.2903/j.efsa.2005.268
https://doi.org/10.1016/j.applanim.2023.105836
https://doi.org/10.3389/fanim.2022.909038
https://doi.org/10.3389/fanim.2022.909038
https://doi.org/10.1016/S0168-1591(01)00158-7
https://doi.org/10.1016/S0168-1591(01)00158-7
https://doi.org/10.1016/j.applanim.2021.105385
https://svineproduktion.dk/Publikationer/Kilder/Notater/2021/2115
https://svineproduktion.dk/Publikationer/Kilder/Notater/2021/2115
https://doi.org/10.1016/j.applanim.2007.03.018
https://doi.org/10.1111/asj.13840
https://doi.org/10.1016/j.applanim.2018.08.016
https://doi.org/10.1016/S0739-7240(00)00067-9
https://doi.org/10.1016/j.applanim.2021.105317
http://refhub.elsevier.com/S0168-1591(23)00278-2/sbref25
http://refhub.elsevier.com/S0168-1591(23)00278-2/sbref25
http://refhub.elsevier.com/S0168-1591(23)00278-2/sbref25
https://doi.org/10.1016/S0003-3472(73)80074-0
https://doi.org/10.1016/S0003-3472(73)80074-0
https://doi.org/10.1016/j.applanim.2003.11.002
https://www.retsinformation.dk/eli/lta/2014/474
https://www.retsinformation.dk/eli/lta/2014/474
https://doi.org/10.3389/fnbeh.2022.899397
https://doi.org/10.3389/fnbeh.2022.899397
https://doi.org/10.3390/agriculture11090844
https://doi.org/10.1016/S0301-6226(02)00181-1
https://doi.org/10.1016/S0301-6226(02)00181-1
https://doi.org/10.3389/fvets.2020.00355
https://doi.org/10.1016/j.applanim.2006.02.009
https://doi.org/10.1016/j.applanim.2005.06.009
https://doi.org/10.1016/j.applanim.2014.04.001
https://doi.org/10.1016/j.applanim.2014.04.001
http://refhub.elsevier.com/S0168-1591(23)00278-2/sbref35
http://refhub.elsevier.com/S0168-1591(23)00278-2/sbref35
https://doi.org/10.1016/j.applanim.2021.105506
https://doi.org/10.1016/j.applanim.2021.105506
https://doi.org/10.1017/S1357729800053686
https://doi.org/10.1017/S1357729800053686
https://doi.org/10.1016/j.anscip.2022.03.410
https://doi.org/10.3390/ani9010018
https://doi.org/10.1016/j.animal.2022.100688
https://doi.org/10.1016/j.animal.2022.100688
https://doi.org/10.1016/j.applanim.2018.02.004

	Stress responses in pigs postweaning: Effect of heavier hybrid and weaning intact litters
	1 Introduction
	2 Material and methods
	2.1 Study design
	2.2 Animals and housing
	2.2.1 Lactation period
	2.2.2 Postweaning
	2.2.3 Weaning procedure

	2.3 Data collection
	2.3.1 Clinical recordings
	2.3.2 Saliva cortisol
	2.3.3 Behaviour analyses
	2.3.3.1 Agonistic behaviour
	2.3.3.2 Tail posture
	2.3.3.3 Belly nosing, ear directed and tail directed behaviour


	2.4 Statistical analysis
	2.4.1 Ear lesions
	2.4.2 Tail lesions
	2.4.3 Saliva cortisol
	2.4.4 Agonistic behaviour
	2.4.5 Belly nosing, ear directed and tail directed behaviour
	2.4.6 Tail posture


	3 Results
	3.1 Ear lesions
	3.2 Tail lesions
	3.3 Saliva cortisol
	3.4 Agonistic behaviour
	3.4.1 Fights
	3.4.2 Attacks

	3.5 Abnormal behaviour
	3.5.1 Belly nosing
	3.5.2 Ear directed behaviour
	3.5.3 Tail directed behaviour

	3.6 Tail posture

	4 Discussion
	4.1 Agonistic behaviour and ear lesions
	4.2 Saliva cortisol
	4.3 Tail posture
	4.4 Abnormal behaviour

	5 Conclusion
	Ethics approval
	Financial support statement
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data Availability
	Acknowledgements
	Appendix A Supporting information
	References


