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Aggression and cortisol levels in three different
group housing routines for lactating sows
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Abstract

Background: Lactating sows in Swedish organic piglet production are commonly group-housed with piglets in a
multi-suckling pen within 14 days after farrowing. Nursing behaviour may be disturbed when lactating sows are
moved to a new environment and mixed with other sows, as they spend more time fighting with other sows and
exploring the new surroundings. This can disrupt the inhibitory effect of suckling on ovarian activity and increase
the risk of lactational oestrus, making efficient reproductive management difficult. Therefore this study evaluated
aggression and levels of the stress hormone cortisol in lactating sows group-housed together with their piglets
at one (W1), two (W2) or three (W3) weeks post farrowing.

Results: There was no significant difference (P > 0.05) between the three management routines (W1, W2, W3)
regarding number of attacks initiated or received in the mixed group. After mixing, W2 sows had a lower
number of shoulder scratches (P < 0.05) than W3 sows. Among the W3 sows, there was a lower (P < 0.01) cortisol
concentration in saliva when sows were group housed compared to when they were individually housed. The
cortisol response, measured as variation in cortisol concentration in saliva, was also lower (P < 0.05) in group-housed
W3 sows compared with W1 sows.
For all management routines, sows already living in the new environment (resident sows) initiated more attacks
(P < 0.001) and received fewer attacks (P < 0.01) than sows entering the new environment (intruder sows).
Overall, multiparous sows initiated more attacks and received fewer attacks than primiparous sows (P <0.001).

Conclusions: Overall, the results suggest that mixing and group housing sows at three weeks post farrowing is
less stressful than mixing and group housing sows at one week post farrowing. The results also indicate that
parity and whether a sow is a resident or intruder in the group housing environment may have an effect on
aggression levels when sows are group-housed.
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Background
The efficiency of Swedish organic piglet production is
negatively affected by the high occurrence of lactation
oestrus [1,2] and high piglet mortality [3]. In this form
of production, the sows farrow in individual farrowing
pens and are commonly moved within 14 days after far-
rowing to a multi-suckling pen, where batches of lactat-
ing sows and piglets of similar age are housed together
and provided with outdoor access [4,5]. The farrowing
dates within a batch of sows are spread out over time
and the move to a multi-suckling pen often involves sets
* Correspondence: ulf.magnusson@slu.se
1Division of Reproduction, Department of Clinical Sciences, Swedish University
of Agricultural Sciences, SLU, Box 7054, SE-750 07, Uppsala, Sweden
Full list of author information is available at the end of the article

© 2015 Thomsson et al.; licensee BioMed Cen
Commons Attribution License (http://creativec
reproduction in any medium, provided the or
Dedication waiver (http://creativecommons.or
unless otherwise stated.
of sows that have farrowed most closely in time. In the
multi-suckling pen, the sow has a higher chance of es-
caping the piglets, implying that suckling is less frequent
for some sows and does not exert the same inhibitory ef-
fect on ovarian activity as when the sow and piglets are
housed in an individual farrowing pen throughout lacta-
tion [6]. Hence the reduced suckling frequency in the
multi-suckling pen could contribute to the occurrence
of lactational oestrus within organic piglet production.
Lactational oestrus disrupts the batch-wise breeding re-
gime and results in a prolonged weaning-to-service
interval at herd level, with fewer piglets produced per
sow and year [3,7,8].
It has been reported that nursing behaviour is dis-

rupted when lactating sows are moved to a new
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environment and mixed with other sows, as they spend
more time fighting with the other sows and exploring
the new surroundings [9]. These events are known to be
stressful and stress can be assessed by measuring cortisol
in blood or saliva [10-12]. Given the critical role of
nursing-suckling interaction in maintaining lactational
anoestrous in the sow, the aim of this study was to investi-
gate the effect of different group-housing and mixing rou-
tines on aggression and stress.

Methods
Animals and experimental design
The study was conducted in the period 7 September-14
November 2011 at the Swedish University of Agricul-
tural Sciences Research Station at Funbo Lövsta, just
outside the city of Uppsala. Three multi-suckling pens
were constructed in an uninsulated barn. Mean outdoor
temperature during the study decreased from 13°C in
September to 5°C in November [13]. The study was ap-
proved by the Uppsala Animal Ethical Committee
(C154/11).
A total of 43 Yorkshire sows were used in the study, of

which 11 were first parity sows, 15 second parity sows
and 17 sows in parity three to nine. Mean weight at far-
rowing was 209 ± 14 kg for the primiparous sows and
284 ± 29 kg for the multiparous sows. Mean number of
piglets per sow at moving from the individual farrowing
pen to the multi-suckling pen was 10 (range 5–15 per
sow). One week before expected farrowing, all sows and
gilts were moved from a gestation pen where they had
been group-housed to conventional individual farrowing
pens (8.2 m2), where they were loose-housed. The sows
were then assigned to one of three different manage-
ment routines (Figure 1). These routines differed in
terms of the number of weeks the sow and her piglets
spent in the individual farrowing pen post-farrowing,
which was one (W1), two (W2) or three (W3) weeks be-
fore they were transferred to the multi-suckling pen. In
total, 14 sows were included in management routine
W1, 13 sows in W2 and 16 sows in W3. The experiment
was performed in two replicates, with 5–8 sows in each
replicate and management routine. Within management
routine and replicate, sows were assigned to two subsets
depending on farrowing date. The first subset of sows
(3–6 sows) comprised the first sows to be moved into
Figure 1 Illustration of the three management routines, in which sow
(W1, W2 and W3). Black indicates time spent group-housed and white ind
the multi-suckling pen and these are referred to here-
after as resident sows. The second subset of sows (2–5
sows) was moved to the multi-suckling pen one or three
days later and these are referred to hereafter as intruder
sows. All piglets were weaned at six weeks of age. Thus,
the number of weeks spent group-housed also differed
between the management routines, with W1 sows
spending five weeks group-housed, W2 sows four weeks
and W3 three weeks.
Saliva from the sows was collected for cortisol analysis,

starting 2.5 days before the sow was moved to the multi-
suckling pen and continuing for six consecutive days, i.e.
ending 3.5 days after the commencement of group
housing. Cortisol in saliva was analysed as a proxy for
endocrinological stress response in the sows [14].
Throughout the group-housing period, the sows were
filmed using infrared-sensitive cameras to record agon-
istic behaviour. Shoulder scratches on the sows were
also recorded one day before and on one other occa-
sion 2–7 days after mixing.

Housing conditions
The total sow area of each multi-suckling pen was
62.5 m2 and the piglet creep area was 5.5 m2 (Figure 2).
The space allowance per sow met Swedish organic stan-
dards and varied between 7.8 and 12.5 m2 depending on
the total number of sows in the pen [4]. The sow area
was divided by a wall into two areas, a feeding area and
a lying area. There was a 2.15 m wide gap between the
end of this dividing wall and the outer wall of the pen
that allowed the sows and piglets to move back and
forth between the two sections at all times. The piglet
creep area had four heating lamps and a roof about
0.5 m above the floor and was situated in a corner of the
feeding area that was inaccessible to the sows. The pen
was equipped with two water nipples with bowls under-
neath to provide the sows and the piglets with water ad
libitum. One nipple was located in the lying area and the
other in the feeding area. The sows were fed ad libitum
with the same dry feed (DIA 120; 12.8 MJ/kg; 160 crude
protein/kg, Lantmännen, Sweden) during the entire lac-
tation period. The feeding trough was accessible at all
times and the piglets could also eat from the trough. In
addition, hay was available ad libitum. Peat and straw
were used as bedding material in the feeding area, while
s and their piglets were mixed 1, 2 and 3 weeks post farrowing
icates time spent individually housed.



Figure 2 Illustration of a multi-suckling pen for group-housed
sows and piglets.
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only straw was used in the lying area. The sows and the
piglets did not have outdoor access from the group-
housing pen or the individual farrowing pen. Artificial
light was provided between 08.00 and 16.00 h.

Assessing aggression
Aggression was assessed by studying the video record-
ings of agonistic behaviour and by counting shoulder
scratches. Each multi-suckling pen was equipped with
three or four infrared-sensitive cameras that continu-
ously recorded activities in the pen from the time the
first sow and her piglets entered the pen until weaning.
To allow the sows to be identified in the video, each sow
was individually marked on her back with standard
colour spray.
Information on agonistic behaviour collected from

video recordings included: pushing; fighting; biting;
hunting; and threatening, determined according to
Kirschner et al. [15]. In brief, these behaviours com-
prised the following: Pushing: a sow being displaced by
another sow; Fighting: two sows with body contact in an
antiparallel position; Biting: a sow biting or snapping at
another sow; Hunting: one sow chasing another sow;
Threatening: a sow approaching a sow and pushing her
head towards it. Threatening included no body contact
and fighting could be accompanied by hunting. If two
consecutive actions by the same sow were separated by
two seconds, then the actions were recorded as two sep-
arate actions. Attack is used hereafter as a generic term
for all agonistic behaviour. Video observation was per-
formed in the multi-suckling pen for two continuous
hours on four consecutive days, according to Tan et al.
[16]. The observation starting time for a group was de-
termined as the time the intruder sows had entered the
multi-suckling pen and the group was complete. The
same starting time was then used for the next three days.
The last day of observation corresponded with the last
day of saliva sampling of intruder sows.
Shoulder scratches were recorded according to Séguin

et al. [17]. In brief, an injury penetrating the skin was
defined as a scratch. Scratches were counted on both
shoulders on the day before and on one occasion 2–7
days after the group housing commenced. Each shoulder
was categorised from 0 to 3 based on the number of
scratches and the categories were added up to a total
score for each sow. This total score was used to deter-
mine degree of shoulder scratches, where a score of 0 =
none; 1–2 =mild; 3–4 =moderate and 5–6 =multiple.

Saliva sampling and cortisol analysis
Saliva for cortisol analysis was collected in the morning,
starting at 07.00 h, and in the afternoon, starting at
17.00 h. The morning sample on the third day of sam-
pling was the last sample collected in the individual far-
rowing pen. Thus, the afternoon sample on the third day
of sampling was the first sample collected during group
housing. This resulted in a total of five samples per sow
being collected during the individual housing period and
seven samples being collected during the group housing
period.
Saliva was collected using a cotton swab (Sarstedt Sal-

ivette® for saliva collection ref. 51.1534, Sarstedt, Nüm-
brecht, Germany) held with forceps. The sow was
allowed to chew on the cotton swab until it was satu-
rated, which took 20–60 seconds. The cotton swab was
then centrifuged (Hettich Centrifuge EBA 20, Andreas
Hettich Group, Ltd., Tuttlingen, Germany) at 2400 x g
at room temperature for 2 minutes and the saliva ex-
tracted was stored at −20°C before being analysed using
a commercially available cortisol ELISA kit (Cortisol
ELISA, IBL International, Hamburg, Germany) validated
for pig saliva [18].

Statistical analysis
The statistical analyses were performed using the SAS
software ver. 9.3 (SAS Inst. Inc., Cary, NC, USA). In
order to describe aggression, the median number of at-
tacks initiated and attacks received across all four days
for each sow were used. For analysing the difference



Thomsson et al. Acta Veterinaria Scandinavica  (2015) 57:9 Page 4 of 9
between management routines in terms of attacks initi-
ated and attacks received, the Kruskal-Wallis test was
used. For differences between resident and intruder sows
and between primiparous and multiparous sows, a Wil-
coxon sum rank test was used (PROC NPAR1WAY).
Shoulder scratches were graded as mean scratch score
within management routine and parity (multiparous or
primiparous) and differences between management rou-
tines were investigated using one-way ANOVA and dif-
ferences between parities using t-tests.
Data on cortisol concentrations in saliva before and

after mixing were analysed in terms of actual concentra-
tion and also within-sow coefficient of variation (CV) of
the cortisol concentration after mixing. The CV variable
was introduced as a means of enabling comparison of
the stress-induced cortisol response between sows with
different basal cortisol levels and of capturing changes in
the diurnal rhythm in the sows [19,20]. The cortisol con-
centration was not normally distributed and a Wilcoxon
Figure 3 Median number of (a) attacks initiated and (b) attacks receiv
recorded during 2 h for four consecutive days (W1 n = 14; W2 n = 13;
routine is reported above each bar. There were no significant differences b
rank sum test (PROC NPAR1WAY) was used for calcu-
lating differences between individual farrowing pen and
multi-suckling pen within management routine and
parity (multiparous, primiparous). The cortisol variation
was only calculated during group housing and a
Shapiro-Wilk test revealed that CV was normally distrib-
uted. Analysis of variance (PROC GLM) was used for
statistical analysis of CV. The fixed effects included in
the statistical model were management routine (W1,
W2, W3), resident/intruder and the interaction between
management routine and resident/intruder. The effect of
parity (primiparous/multiparous) and replicate were in-
cluded in an initial model, but were found to be non-
significant and therefore omitted from the final model.
A paired t-test was used to compare the cortisol level
during individual housing and group housing. For corti-
sol analyses, data from only 42 sows were available,
because one sow refused to chew on the cotton swab. A
P-value of <0.05 was considered statistically significant.
ed per sow within management routines W1, W2 and W3,
W3 n = 16). The range of number of attacks within management
etween management routines.
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Spearman correlations between cortisol variation dur-
ing group housing and agonistic behaviour (broken
down to number of attacks initiated and attacks re-
ceived) were estimated separately for primiparous and
multiparous sows. Correlations between scratch score
and attacks initiated and attacks received were also
calculated.

Results
Agonistic behaviour and shoulder scratches
There was no difference between the three management
routines regarding the number of attacks initiated or re-
ceived per sow (Figure 3a, b). For all management
Figure 4 Median number of (a) attacks initiated and (b) attacks receiv
during 2 h for four consecutive days. Resident sows were moved first to
day or three days later. The range of number of attacks within groups of sows
of both parameters (a: P < 0.001; b: P < 0.01).
routines, resident sows initiated more attacks (P < 0.001)
and received fewer attacks (P < 0.01) than intruder sows
(Figure 4a, b). Overall, multiparous sows initiated more
attacks and received fewer attacks than primiparous
sows (P < 0.001) (Figure 5).
The sows that were group-housed at two weeks post

farrowing (W2) had a higher scratch score (P < 0.05)
than the sows mixed at three weeks post farrowing (W3)
and there was a tendency (P = 0.06) for a higher score
for sows mixed at one week post farrowing (W1) com-
pared with W3 sows (Figure 6). There was no difference
in scratch score between primiparous and multiparous
sows (Figure 7).
ed by resident sows (n = 26) and intruder sows (n = 11), recorded
the multi-suckling pen and intruder sows were moved on the following
is reported above each bar. The two groups differed significantly in terms



Figure 5 Median number of attacks initiated and attacks received by primiparous sows (n = 11) and multiparous sows (n = 32), recorded
during 2 h for four consecutive days. The range of number of attacks initiated/received within groups is reported above each bar. There were
significant differences between multiparous and primiparous sows for both parameters (P < 0.001).
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Cortisol concentrations in saliva when individually and
group housed
Sows mixed at three weeks post farrowing (W3) had a
higher (P = 0.007) cortisol concentration during individ-
ual housing compared with group housing (Table 1).
There were no such differences between sows that were
mixed at one (W1) or two weeks (W2) post farrowing.
The sows in management routine W3 showed a lower

CV during group housing compared with W1 sows (P =
0.04), but not W2 sows. There was no difference in CV
between W1 and W2 sows (Figure 8). Moreover, there
was no difference in CV between intruder sows across
management routines. However, resident W1 and W2
sows showed higher CV (P < 0.01) during group housing
than resident sows in W3. Within W3, the resident sows
Figure 6 Scratch score (mean ± S.D) in management routine W1, W2 a
≥5 =multiple. Bars with different letters are significantly different (P < 0.05).
showed a lower CV (P = 0.03) compared with intruder
sows. There was no difference in CV between housing
systems for multiparous and primiparous sows.
Correlations
For the primiparous sows, there was a negative correl-
ation between cortisol variation during group housing
and number of attacks initiated (P = 0.004) and between
cortisol variation and number of attacks received (P = 0.04)
(Table 2). For the multiparous sows, there was a tendency
for a negative correlation between cortisol variation and at-
tacks received (P = 0.09) and a tendency for a positive cor-
relation (P = 0.07) between scratch score and attacks
received. No significant correlations were found between
nd W3. Scratch score: 0 = none; 0 > 3 =mild; 3 > 5 =moderate;



Figure 7 Scratch score (mean ± S.D) for multiparous sows (n = 32) and primiparous sows (n = 11). Scratch score 0 = none; 0 > 3 =mild;
3 < 5 =moderate; ≥5 =multiple.
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scratch score and cortisol variation or between scratch
score and number of attacks.
Discussion
Differences in aggression and stress (recorded as cortisol
level and inter-sow variation) were recorded in sows that
were mixed for group housing at different time points
after weaning. The differences observed in these traits
were also related to whether the sow was an intruder or
resident sow at mixing and on whether she was prim-
iparous or multiparous.
Agonistic behaviour did not differ between the three

management routines. However, the results indicated
that resident lactating sows made more attacks and re-
ceived fewer attacks than intruding lactating sows. This
confirms findings in previous resident-intruder studies
[21,22]. Furthermore, primiparous sows, which have a
smaller body size than multiparous sows, received more
attacks than multiparous sows and initiated fewer at-
tacks. This was possibly due to differences in body size,
as this is known to be an important factor for both the
direction of aggression (larger sows attacking smaller
sows) and rank determination after mixing sows [12,23].
The shoulder scratch data would perhaps have been
more significant if a larger area of the body had been
Table 1 Cortisol concentration in saliva (mean ± S.D) from
sows mixed 1, 2 and 3 weeks post farrowing (W1, W2
and W3) during the time they were individually housed
and group housed

Management routine Individually housed Group housed

W1 (n = 14) 0.77 ± 0.43 μg/dl 0.54 ± 0.14 μg/dl

W2 (n = 13) 0.72 ± 0.36 μg/dl 0.63 ± 0.37 μg/dl

W3 (n = 16) 0.82 ± 0.49 μg/dla 0.47 ± 0.24 μg/dlb

abDifferent superscripts within row indicate significant difference (P < 0.01).
used for counting skin lesions. For example, Turner
et al. [24] found that reciprocal fighting results in more
scratches on the anterior third of the body, while fight-
ing of a bullying character results in more scratches on
the posterior third of the body.
Interestingly, sows mixed three weeks post farrowing

(W3) had a lower basal cortisol concentration in the
multi-suckling pen than in the individual farrowing pen,
which was not the case for the sows mixed one or two
weeks post farrowing (W1 and W2 sows). The difference
within W3 agrees with previous findings of reduced cor-
tisol levels when pigs are moved from a barren to an
enriched environment [25,26]. In the present study, the
multi-suckling pen possessed three characteristics which
have been reported to decrease aggression at mixing,
namely greater space allowance per sow; ad libitum feed-
ing; and access to bedding material [25-28]. The com-
bination of these three aspects possibly contributed to
the lower cortisol level for management routine W3. In
addition, the W3 sows could have experienced the far-
rowing pen as more stressful two days prior to moving
due to crowding, as the 3-week-old piglets were heavier
than those in the other two management routines [29].
However, it should be noted that a higher cortisol level
or no difference in cortisol levels have been reported
when mixing pigs, moving pigs from a barren environ-
ment (no straw provided) to an enriched environment
(straw provided) or solely housing pigs in an enriched
environment [30-33].
Sows in management routine W3 had a significantly

lower variation in cortisol when group housed compared
with W1 sows. This difference could perhaps be related
to the lactational stage of the sow. By the second week
of lactation, the majority of nursing events are initiated
by the piglets and around day 18 post farrowing the sow
reaches peak lactation [34,35]. It could be speculated



Figure 8 Mean cortisol variation in sows while group-housed in management routine W1, W2 and W3. Bars with different letters are
significantly different (P < 0.05).

Thomsson et al. Acta Veterinaria Scandinavica  (2015) 57:9 Page 8 of 9
that in group housing, the W1 sows focused more on
managing nursing their piglets in the new environment
compared with the W3 sows, which had older and more
resilient piglets and thus experienced less stress in that
regard. The fact that one subset of W3 sows was moved
to the multi-suckling pen three days after the first sub-
set, instead of one day, did not significantly affect the
CV of the sows (data not shown).
It has been reported that previous experience in pigs

of agonistic interaction in terms of defeat or success af-
fects the cortisol response at re-grouping after three
weeks of isolation [36,37]. Those studies found that pigs
which had previously experienced only defeats had a
lower cortisol response than pigs with few or no defeats.
This could explain the negative correlation between at-
tacks initiated, attacks received and cortisol variation for
primiparous sows, as they most likely experienced de-
feats when they were group-housed with older sows in
the gestation pen and thus were more habituated to the
outcome of the agonistic interaction at mixing post farrow-
ing. The multiparous sows in the present study, however,
were likely to have included some that had experienced de-
feats and some that had experienced success, and therefore
exhibited different cortisol responses in the group housing.
Table 2 Spearman correlation coefficient and P-value for agg
primiparous and multiparous sows

Primipa

Variables analysed Correla

No. of attacks initiated – Cortisol variation while group-housed −0.82

No. of attacks received – Cortisol variation while group-housed −0.65

Scratch score – Cortisol variation while group-housed −0.37

Scratch score – No. of attacks initiated 0.28

Scratch score – No. of attacks received −0.02
There was therefore no significant correlation between ag-
onistic behaviour and cortisol variation among these sows.
Furthermore, the positive correlation between scratch
score and attacks received for multiparous sows could pos-
sibly be explained by the multiparous sows being more in-
volved in agonistic interactions [36,38].
Conclusions
Sows mixed three weeks post farrowing (W3 sows)
showed lower cortisol variation than sows mixed one
week after farrowing (W1 sows) and had a lower cortisol
level when group-housed than when individually housed.
This was not the case for the W1 or W2 sows. Overall,
this suggests that mixing and group housing at three
weeks post farrowing is a less stressful routine than
group housing and mixing at one week post farrowing.
Furthermore, when grouping sows, parity and whether a
sow is a resident or intruder in the new environment
could have an effect on agonistic behaviour at mixing.
However, the effect of these different group housing and
mixing routines on nursing-suckling interaction and, ul-
timately, the incidence of lactational oestrus and piglet
mortality warrant further studies.
ression traits and cortisol variation in group-housed

rous (n = 11) Multiparous (n = 32)

tion coefficient P-value Correlation coefficient P -value

0.004 0.06 0.79

0.04 −0.35 0.09

0.30 0.12 0.58

0.43 −0.14 0.47

0.94 0.36 0.07



Thomsson et al. Acta Veterinaria Scandinavica  (2015) 57:9 Page 9 of 9
Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
OT, ASB, YS, UM and LES participated in the planning of the project. OT, ASB
and YS performed the collection of saliva and counted shoulder scratches.
OT performed the video recordings and, together with NL, conducted the
statistical analysis. OT was responsible for drafting the manuscript. ASB, YS,
UM, LES and NL revised the manuscript. All authors have read and approved
the final manuscript.

Acknowledgements
We want to thank the staff at Funbo Lövsta Research Station, Swedish
University of Agricultural Sciences. The authors are also grateful to Marta Kot
for ELISA and laboratory assistance. This study was financially supported by
the Swedish Research Council Formas.

Author details
1Division of Reproduction, Department of Clinical Sciences, Swedish University
of Agricultural Sciences, SLU, Box 7054, SE-750 07, Uppsala, Sweden. 2Swedish
Animal Health Service, Kungsängens Gård, SE-753 23, Uppsala, Sweden.
3Department of Animal Breeding and Genetics, Swedish University of
Agricultural Sciences, SLU, Box 7023, 750 07, Uppsala, Sweden.

Received: 17 October 2014 Accepted: 4 February 2015

References
1. Wallenbeck A, Gustafson G, Rydhmer L. Sow performance and maternal

behaviour in organic and conventional herds. Acta Agric Scand A Anim Sci.
2009;59:181–91.

2. Hultén F, Wallenbeck A, Rydhmer L. Ovarian activity and oestrous signs
among group-housed, lactating sows: influence of behaviour, environment
and production. Reprod Domest Anim. 2006;41:448–54.

3. Lindgren Y, Lundeheim N, Boqvist S, Magnusson U. Reproductive
performance in pigs reared under organic conditions compared with
conventionally reared pigs. Acta Vet Scand. 2013;55:33.

4. KRAV's standards 2014: http://www.krav.se/krav-standards (2014). Accessed
25 Apr 2014.

5. Dybkjær L, Olsen ANW, Møller F, Jensen KH, Giersing M. Effects of group
size during pregnancy and introduction method on behaviour of relevance
for piglet performance in multi-suckling pens. Acta Agric Scand A Anim Sci.
2003;53:83–91.

6. Bøe K. Maternal behaviour of lactating sows in a loosehousing system. Appl
Anim Behav Sci. 1993;35:327–38.

7. Soede NM, Laurenssen B, Abrahamse-Berkeveld M, Gerritsen R, Dirx-Kuijken
N, Langendijk P. Timing of lactational oestrus in intermittent suckling
regimes: consequences for sow fertility. Anim Reprod Sci. 2012;130:74–81.

8. Terry R, Kind KL, Lines DS, Kennett TE, Hughes PE, van Wettere WH.
Lactation estrus induction in multi- and primiparous sows in an Australian
commercial pork production system. J Anim Sci. 2014;92:2265–74.

9. Wattanakul W, Sinclair AG, Stewart AH, Edwards SA, English PR. Performance
and behaviour of lactating sows and piglets in crate and multisuckling
systems: a study involving European White and Manor Meishan genotypes.
Anim Sci. 1997;64:339–49.

10. Kerlik J, Penesova A, Vlcek M, Imrich R, Vogeser M, Radikova Z. Comparison
of salivary cortisol and calculated free plasma cortisol during low-dose ACTH
test in healthy subjects. Clin Biochem. 2010;43:764–7.

11. Brandt Y, Einarsson S, Ljung A, Lundeheim N, Rodríguez-Martínez H, Madej
A. Effects of continuous elevated cortisol concentrations during oestrus on
concentrations and patterns of progesterone, oestradiol and LH in the sow.
Anim Reprod Sci. 2009;110:172–85.

12. Li YZ, Wang LH, Johnston LJ. Sorting by parity to reduce aggression toward first-
parity sows in group-gestation housing systems. J Anim Sci. 2012;90:4514–22.

13. Swedish Meteorological and Hydryological Institute: http://www.smhi.se/
klimatdata/meteorologi/temperatur (2014). Accessed 16 May 2014.

14. Möstl E, Palme R. Hormones as indicators of stress. Domest Anim
Endocrinol. 2002;23:67–74.

15. Kirchner J, Manteuffel G, Schrader L. Individual calling to the feeding station
can reduce agonistic interactions and lesions in group housed sows. J Anim
Sci. 2012;90:5013–20.
16. Tan SSL, Shackleton DM. Effects of mixing unfamiliar individuals and of
azaperone on the social behaviour of finishing pigs. Appl Anim Behav Sci.
1990;26:157–68.

17. Séguin MJ, Friendship RM, Kirkwood RN, Zanella AJ, Widowski TM. Effects of
boar presence on agonistic behavior, shoulder scratches, and stress
response of bred sows at mixing. J Anim Sci. 2006;84:1227–37.

18. Thomsson O, Strom-Holst B, Sjunnesson Y, Bergqvist A-S. Validation of an
enzyme-linked immunosorbent assay developed for measuring cortisol
concentration in human saliva and serum for its applicability to analyze
cortisol in pig saliva. Acta Vet Scand. 2014;56:55.

19. Becker BA, Nienaber JA, DeShazer JA, Hahn GL. Effect of transportation on
cortisol concentrations and on the circadian rhythm of cortisol in gilts. Am J
Vet Res. 1985;46:1457–9.

20. Barnett JL, Cronin GM, Winfield CG. The effects of individual and group
penning of pigs on total and free plasma corticosteroids and the maximum
corticosteroid binding capacity. Gen Comp Endocrinol. 1981;44:219–25.

21. Deguchi E, Akuzawa M. Effects of fighting after grouping on plasma cortisol
concentration and lymphocyte blastogenesis of peripheral blood mononuclear
cells induced by mitogens in piglets. J Vet Med Sci. 1998;60:149–53.

22. D'Eath RB, Pickup HE. Behaviour of young growing pigs in a resident-intruder
test designed to measure aggressiveness. Aggress Behav. 2002;28:401–15.

23. Arey DS, Edwards SA. Factors influencing aggression between sows after
mixing and the consequences for welfare and production. Livest Prod Sci.
1998;56:61–70.

24. Turner SP, Farnworth MJ, White IMS, Brotherstone S, Mendl M, Knap P, et al.
The accumulation of skin lesions and their use as a predictor of individual
aggressiveness in pigs. Appl Anim Behav Sci. 2006;96:245–59.

25. De Leeuw J, Ekkel E. Effects of feeding level and the presence of a foraging
substrate on the behaviour and stress physiological response of individually
housed gilts. Appl Anim Behav Sci. 2004;86:15–25.

26. Merlot E, Vincent A, Thomas F, Meunier-Salaün M-C, Damon M, Robert F,
et al. Health and immune traits of Basque and Large White pigs housed in a
conventional or enriched environment. Animal Int J Anim Biosci.
2012;6:1290–9.

27. Weng RC, Edwards SA, English PR. Behaviour, social interactions and lesion
scores of group-housed sows in relation to floor space allowance. Appl
Anim Behav Sci. 1998;59:307–16.

28. Hemsworth PH, Rice M, Nash J, Giri K, Butler KL, Tilbrook AJ, et al. Effects of
group size and floor space allowance on grouped sows: aggression, stress,
skin injuries, and reproductive performance. J Anim Sci. 2013;91:4953–64.

29. Yen JT, Pond WG. Effect of dietary supplementation with vitamin C or
carbadox on weanling pigs subjected to crowding stress. J Anim Sci.
1987;64:1672–81.

30. de Jong IC, Prelle IT, van de Burgwal JA, Lambooij E, Korte SM, Blokhuis HJ,
et al. Effects of environmental enrichment on behavioral responses to
novelty, learning, and memory, and the circadian rhythm in cortisol in
growing pigs. Physiol Behav. 2000;68:571–8.

31. Morrison RS, Johnston LJ, Hilbrands AM. The behaviour, welfare, growth
performance and meat quality of pigs housed in a deep-litter, large group
housing system compared to a conventional confinement system. Appl
Anim Behav Sci. 2007;103:12–24.

32. Colson V, Martin E, Orgeur P, Prunier A. Influence of housing and social
changes on growth, behaviour and cortisol in piglets at weaning. Physiol
Behav. 2012;107:59–64.

33. Ekkel ED, Savenije B, Schouten WGP, Wiegant VM, Tielen MJM. The effects of
mixing on behavior and circadian parameters of salivary cortisol in pigs.
Physiol Behav. 1997;62:181–4.

34. Bøe K. The process of weaning in pigs: when the sow decides. Appl Anim
Behav Sci. 1991;30:47–59.

35. Hansen AV, Strathe AB, Kebreab E, France J, Theil PK. Predicting milk yield
and composition in lactating sows: A Bayesian approach. J Anim Sci.
2012;90:2285–98.

36. Mendl M, Zanella AJ, Broom DM. Physiological and reproductive correlates of
behavioural strategies in female domestic pigs. Anim Behav. 1992;44:1107–21.

37. Otten W, Puppe B, Kanitz E, Schön PC, Stabenow B. Effects of dominance
and familiarity on behaviour and plasma stress hormones in growing pigs
during social confrontation. J Vet Med A. 1999;46:277–92.

38. Otten W, Puppe B, Stabenow B, Kanitz E, Schön PC, Brüssow KP, et al.
Agonistic interactions and physiological reactions of top- and bottom-
ranking pigs confronted with a familiar and an unfamiliar group: preliminary
results. Appl Anim Behav Sci. 1997;55:79–90.

http://www.krav.se/krav-standards
http://www.smhi.se/klimatdata/meteorologi/temperatur
http://www.smhi.se/klimatdata/meteorologi/temperatur

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Animals and experimental design
	Housing conditions
	Assessing aggression
	Saliva sampling and cortisol analysis
	Statistical analysis

	Results
	Agonistic behaviour and shoulder scratches
	Cortisol concentrations in saliva when individually and group housed
	Correlations

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

