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Social conflict is inevitable among group-housed sows and may contribute to poorer
welfare among those sows experiencing more social stress. The degree of individual
welfare is associated with social position within the group. Therefore, this study
examined the effects of social status on behavior, immune, endocrine, and productivity
of group-housed pregnant sows fed a diet supplemented with 30% wheat middlings
and 15% soybean hulls (MID-SH) or 30% distillers dried grains with solubles and 30%
corn germ meal (DDGS-GM) and in pens with individual feeding places made from short
(68.4 cm) or long (203.2 cm) barriers. A 2 x 2 factorial design resulted in 4 experimental
treatment groups (n = 9 sows/diet-length-block combination): (1) MID-SHghort; (2)
MID-SHiong; (3) DDGS-GMghort; (4) DDGS-GMong. Groups of sows equally representing
all diet-length combinations across 4 blocks (n = 36 sows/block) were subjected
to a feeding competition test to identify highest (dominant) and lowest (subordinate)
ranked sows within each group resulting in 64 sows (n = 16 sows/treatment; n = 32
sows/social status). Data revealed 2- and 3-way interactive effects on aggressive
behavior (P < 0.005), postural (P < 0.01), oral (P < 0.0001), and eating (P < 0.005)
behaviors, sow mean body weights and gains (P < 0.05) and litter weaning weights
(P < 0.05), especially among subordinates in pens with long barriers. Subordinates in
pens with long barriers received 21% less aggression and were 73% less likely to be
displaced than subordinates in pens with short ones (P < 0.0001). Dietary treatment also
influenced some of these measures among the subordinates in pens with long barriers.
For example, subordinates in DDGS-GMong received 64 and 67% less aggression than
subordinates in DDGS-GMghort and MID-SHgport (P < 0.005). Eat bouts were greatest
among subordinates in MID-SHong, and sitting and sham-chewing were less. However,
those in DDGS-GMiong spent less time standing and laying, and their litters were 15.28 kg
heavier (P = 0.01), but overall subordinates fed DDGS-GM diet were lightest and
gained less total body weight than those fed MID-SH (P < 0.05). Other measures
such as neutrophil-to-lymphocyte ratio were elevated among dominants in MID-SHiong
(P < 0.05); whereas, cortisol (P = 0.06) was lowest and glucose (P = 0.09) highest for
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subordinates in DDGS-GMong. These data imply that subordinates benefited from being
housed in pens with long barriers, but the type of dietary fiber consumed differentially
influenced behavioral budget and several sow- or litter-related traits among subordinates
in pens with long barriers. In contrast, the subordinates in pens with short barriers had
poorer welfare regardless of diet. Collectively, these data imply that social status is a
crucial factor contributing to variation in individual well-being among group-housed sows
and that sows of different social positions within a group may evoke different biological
responses in an attempt to cope.

Keywords: aggression, behavior, immune, social status, well-being

INTRODUCTION

Group housing of gestating sows provides the opportunity
for sows to exercise, express normal behaviors, and socially
interact with conspecifics. Unfortunately, the social interactions
are not always positive, and for some sows in the group,
it may result in chronic stress. The initial aggression occurs
upon mixing, which is inevitable due to the innate need to
establish and reinforce the group’s hierarchical relationships
(McGlone, 1985). Despite an established social hierarchy, sows
still engage in social conflicts to gain access to feed and
other resources (Spoolder et al., 2009; Maes et al., 2016). Sows
kept in group pens experience acute stress due to inevitable
social conflicts. In contrast, others experience chronic stress
often associated with prolonged social stress or aggression,
resulting in compromised well-being. Social relationships affect
individuals’ ability to access resources, which, in turn, affects the
level of aggression and, ultimately, individual welfare, especially
lower-ranked sows (Verdon et al., 2015). Previous research
implies that subordinate sows are more likely to receive more
aggression and be displaced more often from resources; thus,
they are most vulnerable and more likely to experience poorer
welfare than higher-rank sows (Hoy et al., 2009; Zhao et al,
2013).

The aggression related to feeding competition is often
frequent and short in duration, but the aggression level varies
with the group-housing and feeding systems in place (Gonyou,
2005). The use of full-body length feeding stalls, dietary
modifications, and foraging materials can minimize aggressive
behavior and improve satiety (Andersen et al., 1999; de Leeuw
et al., 2005; Sapkota et al., 2016), but with inconsistent outcomes,
especially improving sow well-being. For example, it has been
reported that feeding high-fiber diets to group-housed gestating
sows improves satiety and reduces aggression and stereotypic
behaviors (de Leeuw et al., 2005; Sapkota et al., 2016). Others
have found no effect of feeding high-fiber diets on the frequency
of stereotypic behaviors (Holt et al., 2006). The contradictory
findings on satiety and stereotypic behaviors may be due to fiber
type, such that soluble fibers may improve feeding motivation. In
contrast, bulky or highly fermentable fibers do not affect these
behaviors (da Silva et al., 2013). Still, others found that sham-
chewing was reduced, and resting behavior increased when sows
were fed a high-fiber diet with 19.1% soybean hulls but not beet
pulp (Sapkota et al., 2016). Contrarily, sows fed soybean hulls

and wheat middlings fiber diet spent less time performing oral-
nasal-facial and sham-chew behaviors than sows fed a low fiber
diet (Kranendonk et al., 2007). Although the type of dietary fiber-
fed and feeding system used may partly explain the inconsistent
effects on aggression and stereotypical behaviors, these factors
alone do not explain individual welfare variation among group-
housed sows due to social conflicts. Not all sows within the group
benefit; some sows are attacked and displaced more than others,
resulting in them becoming more fearful and less competitive
over time due to these social conflicts (O’Connell et al., 2003;
Elmore et al., 2011).

Assessing stress is often challenging due to inter-animal
variability and other factors such as genetics, physiological state,
and previous experiences (Moberg, 2004). Although genetics
plays a role in expressing an aggressive phenotype in pigs
(Lovendahl et al., 2005; Stukenborg et al., 2011), group dynamics
and social experiences may also contribute to the development
and expression of aggression (Verdon et al., 2017). Social
status differentially affects the biological response organized in
response to a stressor and may partially determine the biological
consequences (Salak-Johnson and McGlone, 2007). Sows are
highly social animals, but when unfamiliar sows are mixed
into groups, negative consequences for sow welfare are a major
concern; thus, reducing aggression remains a priority among
welfare scientists. Although intraspecific variation in aggressive
behavior among group-housed sows has been well-documented
(Verdon et al., 2016), the role social status plays on aggressive,
behavioral, and immunological outcomes indicative of well-being
among group-housed sows fed fiber diets using a competitive
individual feeding stall system are limited. We hypothesize
that minimizing aggressive behavior toward subordinates during
feeding and providing them a place to retreat may be beneficial,
resulting in improved well-being. Therefore, this study aimed
to assess the effects of social status on behavior, immune status,
and well-being of group-housed sows fed two different dietary
fiber types and housed in pens with either short or long feeding
barriers throughout gestation.

MATERIALS AND METHODS

The animal protocol was reviewed and approved by the
University of Illinois Institutional Animal Care and Use
Committee (protocol no. 13097).
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Animals and Experimental Design

The study was conducted at the University of Illinois Swine
Research Center, Urbana, Illinois, from September 2013 to
June 2015. Sixty-four primiparous (n = 21) and multiparous
(n = 43) gestating sows used in this study were from a large-
scale study of a 144 sows (n = 36 sows/group). Once confirmed
pregnant, groups of 9 sows were randomly allotted to one of two
dietary treatments and a pen equipped with individual feeding
stall spaces made from different length barriers. The dietary
fiber treatments were 30% wheat middlings and 15% soybean
hulls (MID-SH) or 30% distillers dried grains with solubles
and 30% corn germ meal (DDGS-GM). The barrier lengths
were either 58.4 cm (short; width = 48.3 cm) or 203.2 cm (long;
width = 57.2cm) in length. Diet treatments were initiated 2-
days before sows were moved into their group pens to facilitate
acceptance of the treatment diets without competition.

At d 37 post-breeding, sows were moved from individual
gestation stalls (0.61 x 2.13m) to one of four experimental
treatment pens (n = 9 sows/diet-length-block combination): (1)
MID-SHghort; (2) MID-SHiong; (3) DDGS-GMghoris (4) DDGS-
GM]ong. Before moving sows into group pens, they were
subjected to a feeding competition test to identify social status.
Social position was determined post-hoc, and only the highest
(dominant, n =32) and lowest (subordinates = 32) ranked
sows within each treatment pen were used in this analysis.
Therefore, all sows remained in their assigned treatment pens
until gestational day 108. Each pen was equipped with 9
individual feeding places. The total floor-space allowance within
the pens was constant at 1.7 m?/sow, but the available open floor
space beyond the feeding places differed due to the difference in
the length of the barriers. The pens with short barriers had more
available pen space outside the feeding area than the pens with
long barriers. Sows were fed in the same order at 6.30 am each
day. Water was provided ad libitum. Individual nipple drinkers
were fixed on the left side of each barrier within each feeding
place (9 nipples/pen).

Shown in Table 1 are the ingredients for the treatment diets
where the fiber ingredients replaced a portion of the shelled
corn and soybean meal. Both diets were formulated to meet or
exceed NRC requirements for gestating sows (NRC, 2012). From
gestational day (GD) 35 through GD 90, sows were offered 2.3
kg/d of MID-SH or 2.1 kg/d of DDGS-GM diet, and from GD 91
to GD 108 sows were offered 3.6 kg/d of MID-SH or 3.4 kg/d of
DDGS-GM diet to adjust for the differences in energy between
the two diets. Diets had a calculated composition (as fed basis)
of 13.8 and 19% crude protein (CP), respectively, and both diets
provided a calculated ME/d of 6,700 kcal and 10,720 kcal for the
two different gestational periods.

Social Status and Other Behaviors

Social status was unknown when sows were assigned and moved
to treatment pens. Status was determined after the feeding
competition test and video-record viewing. Initially, groups of
9 sows were placed in a non-experimental pen (4.10 x 4.10 m)
equipped with one feeder to determine social status using the
feeding competition test previously described by Parent et al.
(2012). After a 5-min acclimation period to the experimental

TABLE 1 | Composition of the experimental diets fed to group-housed sows
during gestation?.

30% wheat 30% distillers dried
middlings and grains w/solubles
15% soybean hulls and 30% corn germ
(MID-SH) meal
(DDGS-GM)
Ingredients, % (as-fed basis)
Corn 38.90 33.65
Soybean meal, 48% 12.50 2.50
Soybean hulls 15.00 -
Wheat middlings 30.00 -
DDGS - 30.00
Corn germ meal - 30.00
Soybean oil 1.00 1.00
Limestone 1.30 1.60
Dicalcium phosphate 0.60 0.55
Salt 0.40 0.40
Vitamin mineral premix 0.30 0.30
Energy and nutrients
Energy, Kcal ME/kg 2,999 3,177
Crude protein, % 13.78 18.96
Calcium, % 0.78 0.78
Total phosphorus, % 0.61 0.66
Phosphorus, digestible, % 0.34 0.34
Acid detergent fiber, % 9.81 7.93
Neutral detergent fiber, % 23.97 25.75
Amino acids
Arginine, % 0.90 0.83
Histidine, % 0.35 0.52
Isoleucine, % 0.59 0.49
Leucine, % 1.05 1.34
Lysine, % 0.61 0.61
Methionine, % 0.21 0.45
Methionine + cysteine, % 0.46 0.66
Phenylalanine, % 0.60 0.58
Threonine, % 0.43 0.51
Tryptophan, % 0.15 0.23
Valine, % 0.59 0.59

aExperimental diets were formulated by replacing a portion of the corn and soybean meal
with either wheat middlings and soybean hulls (MID-SH) or distiller’s dried grains with
solubles and germ meal (DDGS-GM).

pen, 4kg of the treatment diet was added to the feeder. The
30-min test was captured using EverFocus EQ120/AEN colored
cameras (EverFocus Co., LTD., Duarte, CA) located above each
pen and recorded using Geovision GVd1240 video capture card
(Geovision, Inc., Irvine, CA). After the test, all sows were moved
to their assigned treatment pens, where they remained until
GD 108.

Definitions for aggressive behaviors registered during the
feeding competition test are shown in Table 2 and are similar
to those reported by Parent et al. (2012) with modifications. All
aggressive interactions were registered, including the “initiator”
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TABLE 2 | Definition of behaviors registered.

Behavior Description

Aggressive

Bite Sow opens and closes mouth near or
on any part of another

Chase Sow aggressively pursues another

Push Sow hits another with head or snout

Fight Vigorous reciprocated aggression
(repetitive bite or push) by both
initiator and receiver sow in
open-floor space of pen

Displacement Sow aggressively displaces another
from the feeder space

Threat Sow displays aggressive act without
making physical contact

Others

Lay Sow reclining in a lateral or ventral
position

Sit Sow supported by two front legs

Stand Sow supported by all four legs

Locomotion Sow supported by all four legs and in
motion

Eat Snout/mouth in contact with feed (in
the presence of feed)

Drink Snout/mouth in contact with a nipple
waterer

Sham-chew Empty mouth moving in a repetitive

chewing motion (not in the presence
of feed)

Snout/mouth in contact with any
object other than food

Oral-nasal-facial (ONF)

and “receiver” of each aggressive encounter using video records.
Based on these interactions, a dominance value (DV) was
calculated for each sow (n = 9 sows per treatment group). The
equation was: DV = aggressive encounters initiated + (aggressive
encounters initiated + encounters received). The sows with
the highest DV were classified as dominant, and the lowest
DV were subordinate, resulting in a subpopulation of 64 sows
(n = 16 sows/treatment).

Live behavioral observations were also registered during
feeding at various time points, including first feeding post-
grouping and then at 3-week intervals (3-, 6-, 9-weeks
post-grouping) until sows moved to the farrowing facility.
Live postural and behavioral observations were taken using
instantaneous sampling directly before glucose measurement.
The observational period included 30-min before feed delivery
and then at 30-min increments up to 120min post-feeding.
Frequencies and durations of each aggressive encounter and
other postural and maintenance behaviors were registered during
the observational period similar to DeDecker et al. (2014) with
minor modifications (Pacheco, 2015; Table 2). The observer was
blinded to sow social status; therefore, behaviors were collected
on all animals within the group, but only data for the dominant

(n = 32) and subordinate (n = 32) sows in each treatment pen
were analyzed.

Cell Counts, Differentials, and Isolation

Sows were nose-snared, and 15mL of blood was collected via
jugular venipuncture using syringes containing sodium heparin
on GD 30, 70, 90, 104, and again at the end of lactation. All
measures, including cell counts, differentials, and cell isolation,
were performed as previously reported (Sutherland et al., 2005;
Salak-Johnson et al., 2012). Briefly, before centrifugation of blood
samples, whole blood smears were made, fixed in methanol,
stained with Hema-3 staining system (Fisher Scientific, Houston,
TX), and then viewed under a light microscope to determine
leukocyte differential counts. Total white blood cell counts
(WBC) were made electronically using a Coulter Z1 particle
counter (Beckman Coulter). Ten L of whole blood was added to
Isoflow (10 mL; Beckman Coulter, Beckman, FL), and red blood
cells were lysed with Zap-o-globin (Beckman Coulter).

Whole blood was diluted in RPMI medium (Gibco, Carlsbad,
CA), layered over Histopauqe-1077 (density:1.077 g/ml; Sigma)
and—1119 (density:1.119 g/ml; Sigma) and centrifuged at 700
x g for 30 min. Lymphocytes were collected from the 1077
layer, washed twice in RPMI, and resuspended, and counted.
Neutrophils were isolated from the 1119 layer and washed in
RMPI. Red blood cells were lysed using cold endotoxin-free
water, and isotonicity was restored using 10x phosphate buffer
saline. Neutrophils were centrifuged at 475 x g for 10 min,
the supernatant decanted, and the pellet was washed and then
resuspended in RPMI. Cell concentrations were adjusted based
on immune-assay requirements.

Glucose, Cortisol, and Interleukin-12

Sow blood glucose levels were measured 2-days before feeding the
diet treatments (baseline), then every 3-days for the first 2 weeks
post-grouping, and then again on a bi-weekly basis until sows
were moved to the farrowing room. Samples were taken 30-min
before feeding and then 30, 60, 90, and 120 min post-feeding at
each measurement day after sow behavior was registered. A drop
of blood was obtained from the ear vein using a small 20 g needle
and added to a glucose strip. Blood glucose levels were measured
immediately by inserting the strip into the portable electronic
glucose monitor (Precision Xtra Monitor Abbott, Alameda, CA),
as previously described by de Leeuw et al. (2005), with minor
modifications described by Pacheco (2015). Samples not obtained
in <5min were excluded from the analysis.

Total plasma cortisol and interleukin-12 (IL-12) were
measured at gestational days 30 (baseline) and 90. Cortisol
was measured using a commercially available radioimmunoassay
following the manufacture’s instructions (MP Biomedicals, Santa
Ana, CA). The intra- and inter-assay CVs were 8.3 and 9.7%,
respectively, and the minimal detectable concentration was
3ng/mL. Plasma IL-12 was measured using an enzyme-linked
immunosorbent assay (R&D Systems, Minneapolis, MN). The
intra- and inter-assay CVs were 4.9 and 7.7%, respectively, and
the minimal detectable concentration was 9 pg/mL.
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Lymphocyte Proliferation Assay

A mitogen-induced lymphocyte proliferation assay was
performed as previously described by Sutherland et al
(2005). Briefly, isolated porcine lymphocytes were used at a
concentration of 5 x 10° cells/mL and placed in triplicate on
a sterile 96-well flat-bottom plate. Concanavalin A (ConA;
Sigma Aldrich) and lipopolysaccharide (LPS; Sigma Aldrich)
were used as mitogens (ConA: 0, 2, and 20 pg/mL; LPS: 0,
5, and 50 ug/mL) to stimulate T and B cells, respectively.
Plates were incubated, the reaction stopped, and then read
at a wavelength of 550 nm with reference wavelength 690 nm
using a microplate reader (Thermo Scientific Instruments).
Results were expressed as a proliferation index: Optical
density(ss0/690nm) Of stimulated cells <+ Optical density(ss0/690nm)
of nonstimulated cells.

Sow- and Litter-Related Traits

Sow body weight (BW) was taken on GD 30, 70, 90, and
104, and at the end of lactation (135 days post-breeding), +
lday. Sow backfat depth was measured using a longitudinal
imaging ultrasound scan (Aloka-500V machine, Hitachi Aloka,
Wallingford, CT) cranial to the last rib on the same days as
BW measures excluding GD 70. Litter-related traits included the
total number of piglets born and born alive and the number
of females, males, stillborn, mummified, laid on, euthanized,
total mortality (no. stillborn 4+ no. mummified + no. laid on
+ no. euthanized), and piglets weaned. Calculated litter traits
included litter weight at birth, adjusted litter weight at birth
(number of piglets born), litter wean weight, adjusted litter
wean weight (number of piglets weaned), and mean piglet
weaning weight. All measures were taken and calculated as
previously reported (Salak-Johnson et al., 2007; DeDecker et al.,
2014).

Statistical Analyses

Post-hoc analysis was conducted on social status classification.
All data were analyzed using the mixed model procedure of
SAS (SAS Inst. Inc., Cary, NC), with repeated measures utilizing
a first-order autoregressive structure. Except for lesion scores,
all traits were tested for normality using Kolmogorov-Smirnov
and Shapiro-Wilk tests, and the transformation was applied to
traits deviating from a normal distribution. A linear mixed-effects
model was used to analyze these measurements. The main fixed
effects were diet (MID-SH and DDGS-GM), barrier length (short
and long), and social status (dominant and subordinate), and
all second and third-order interactions between these factors.
A random effect of the block was included in the model. The
physiologic measures model also included the gestational day
that blood samples were taken, and the model for behavior
included days post-grouping. All measurements were from a
single sow: thus, the experimental unit was the sow (Salak-
Johnson et al., 2007; Hanson et al., 2011). The least-square means
were generated and separated statistically with pairwise t-tests
(PDIFF option). Significance was set at P < 0.05, whereas trends
were discussed at P < 0.10.

RESULTS

Aggressive Behaviors and Encounters

The only 3-way interactive effect that occurred was for
mean number of aggressive encounters toward subordinates
(P < 0.005). Subordinates fed DDGS-GM and in pens with
long feeding barriers (DDGS-GMjoyg) were the least likely
to be on the receiving end of an aggressive encounter
(2.81 £ 0.99, no.) compared to subordinates in DDGS-GMgpor¢
(7.80 £ 1.1, no.), MID-SHg,,¢ (8.50 4+ 1.0, no.) or MID-
SHiong (6.56 & 1.1, no.) treatments.

Table 3 shows the interactive effect of social status and barrier
length on aggressive behaviors, including the total number of
aggressive encounters and displacements and the initiator and
receiver of each attack between dominant and subordinate sows
housed in group pens. In general, social status and barrier length
had the greatest impact on these measures. The subordinates
in pens with short barriers were four times more likely to be
displaced (P < 0.0001), and most often, they were displaced by
dominant sows (P < 0.001) during feeding than subordinates in
pens with long barriers. The dominant sows housed in pens with
short barriers initiated more aggressive encounters (P < 0.005)
during feeding and displaced (P < 0.0001) others more often than
the dominants in pens with long barriers (Table 3).

Postural, Maintenance, and Oral Behaviors
In Table 4, the interactive effects for social status x barrier
length x diet that occurred on postural, maintenance, and oral
behaviors during the behavioral observational period included
pre-and post-feeding. The subordinates in the DDGS-GMjong
treatment spent 38.8 and 72.2% less time standing and laying,
respectively, compared to subordinates in the DDGS-GMghort
treatment and subordinates and dominants in other treatment
groups; the exception was for dominants in the DDGS-GMjong
they spent the least time standing (P < 0.01). Conversely, the
subordinates in the DDGS-GMghort treatment spent the most
time laying compared to subordinates and dominants in other
treatments (Table 4). The dominant sows in the DDGS-GMjong
treatment also spent 100% less time sitting than dominant and
subordinate sows in all other treatments (P < 0.005). Conversely,
subordinates in the DDGS-GMjgng spent the most time sitting
(Table 4). Walk and drink behaviors were not affected (P > 0.70).

Interestingly, the subordinates in the MID-SHjopg treatment
spent 52% more time eating than subordinates in DDGS-
GMjong and 74% more time than dominants in the same
treatment (P < 0.005). They also spent significantly more time
eating than subordinates in MID-SHgpor 0or DDGS-GMgpor
treatments (Table 4). Whereas, the dominant sows in the DDGS-
GMjong spent more time eating than dominants in DDGS-
GMghort, Although the subordinates in the DDGS-GMgpor
treatment spent less time eating, they expressed the lowest
percentage of oral-nasal-facial (ONF) behaviors compared to
either subordinates or dominants in all other treatments; in fact,
they spent 52% less time displaying ONF behavior compared
to subordinates in the MID-SHg,,,¢ treatment (P < 0.0001).
At the same time, subordinates in the MID-SHjo,, treatment
spent 60 and 41% less time sham-chewing than subordinates
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TABLE 3 | Numbers of aggressive encounters and displacements displayed by dominant and subordinate gestating sows housed in small group pens equipped with

short and long length feeding barriers.

Behavior, No. Short (n = 32) Long (n = 32) S.EM P-value
Aggressive encounters by dominant 11.97 6.63 1.00 < 0.005
Displacements by dominant 9.75 1.06 0.82 < 0.0001
Aggressive encounters to subordinate 7.16 5.66 0.81 0.19
Subordinates displaced 4.78 1.06 0.60 < 0.0001
Aggressive encounters by dominant to subordinate 3.34 2.88 0.51 0.35
Displacements by dominant to subordinate 2.38 0.63 0.36 0.001

Live behavioral observations were made during the first feeding 24-h post-grouping (0) and then at 3-, 6-, 9-weeks post-grouping. Short barrier length = 58.4 cm; long barrier

length = 203.2 cm. Data are presented as least square means + pooled S.E.M.

TABLE 4 | Interactive effects of social status on mean postural, maintenance, and oral behaviors for group-housed gestating sows fed one of two dietary fiber treatments
and housed in pens equipped with short and long feeding barriers (n = 64 total sows).

Dominant Subordinate
Short (n =16) Long (n = 16) Short (n = 16) Long (n =16)

Behavior'!, % MID-SH DDGS-GM MID-SH DDGS-GM MID-SH DDGS-GM MID-SH DDGS-GM S.EM P-value
Stand 35.192 26.41° 31.772b 18.03° 30.08° 37.84a 31.66%P 22,054 2.95 0.006
Sit 2.582 2.202 3.80° 0.00° 3.46° 4.93° 1.612 7.32d 1.20 0.004
Lay 9.782 5.73° 3.20° 8.572 12.30° 17.619 10.002¢ 4.92° 2.14 0.003
Walk 0.59 0.01 0.60 0.32 0.71 0.00 0.40 0.00 0.37 0.96
Eat 7.563P 5.692 8.31P 11.69° 3.14¢ 4.01° 14.519 9.48° 1.68 0.003
Drink 6.65 6.20 2.36 5.68 2.73 1.39 3.25 2.75 1.29 0.67
Oral-nasal-facial 27.382b 25,220 24.27° 33.42¢ 35.47° 16.869 30.202° 33.96° 2.97 < 0.0001
Sham-Chew 10.372 28.46° 25.54b¢ 22.36° 12.142 17.429 8.472 18.759 2.44 < 0.0001

" Behavioral observations were registered 30-min before feeding and then at 30, 60, 90, and 120 min post-feed deliveries. Short barrier length = 58.4 cm; long barrier length = 203.2 cm;
Wheat middlings and soy hulls = MID-SH,; Distillers dried grains with solubles and germ meal = DDGS-GM. Data are presented as least square means =+ pooled S.E.M. a, b, c: Means
with different superscripts within a row are different (P < 0.05). Probability-values indicate a significant interactive effect of status x barrier length x diet.

in either DDGS-GMgpg or MID-SH ot treatments, respectively
(P < 0.0001; Table 4). Overall, the dominant sows in the DDGS-
GM]gpg treatment expressed the most ONF behavior, while those
in the DDGS-GMyj,or¢ the most sham-chew behavior (Table 4).

Moreover, it is important to note that the differences between
dominants and subordinates for standing (P < 0.015) and sitting
(P < 0.0001) occurred between sows fed DDGS-GM diet, and
eating was different when sows were fed MID-SH diet (P <
0.0035). Specifically, subordinates fed the DDGS-GM spent more
time standing (dominant: 28.6 vs. subordinate: 38.9, S.E.M = 3.8)
and sitting (dominant: 1.16 vs. subordinate: 11.1, S.E.M = 1.6),
and those fed the MID-SH diet spent more eating (dominant: 9.1
vs. subordinate: 14.2, S.EM = 1.4).

Sow- and Litter-Related Measures

No 3-way interactive effects occurred for any of the sow-related
measures. However, several social status x barrier length or social
status x diet did occur for sow body weights and weight gains and
losses (Table 5). The subordinate sows in pens with short barriers
gained 33.5 and 21.4% less body weight from GD 30 to GD 70
than dominants in pens with short barriers and subordinates
in pens with long, respectively (P < 0.05); whereas, dominants
and subordinates in pens with long barriers had a similar body
weight gain. Overall, subordinate sows fed the DDGS-GM diet

mean body weight was 3.5 and 6.0% lighter (P = 0.01) than the
subordinates fed the MID-SH diet and dominants fed the DDGS-
GM diet, respectively (Table 5). They also gained 39 and 41%
less (P = 0.02) total body weight than their subordinates fed the
MID-SY diet and dominants fed the DDGS-GM diet.

There were no interactive effects of social status x barrier
length x diet that occurred for litter-related traits, except
for litter weaning weight and average piglet weaning weight
(Table 6). There was a tendency for the dominants in the
DDGS-GMghort and MID-SHjopg treatments to farrow more
piglets than dominants and subordinates in other treatments
(P = 0.10), but the number of piglets born alive was not different
(P = 0.13). The subordinates in the DDGS-GM]jqyg treatment
litter weaning weight was 15.82 and 10.45kg heavier than
subordinates in DDGS-GMgport and MID-SHjqpg treatments,
respectively (P = 0.01). Their average weaned piglet weight was
also 1.67 and 1.18kg heavier than subordinates in the DDGS-
GMghort and MID-SHy,p, treatments, respectively (P = 0.005).
While litter and average piglet wean weights were similar among
dominants regardless of treatment (Table 6).

Immune, Cortisol, and Glucose Measures
Shown in Table 7 are the interactive effects for social status
x barrier length x diet that occurred for immune, cortisol,
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TABLE 5 | Interactive effects of social status and feeding barrier length or dietary treatment on live body weights, weight gain, and weight loss throughout gestation for

group-penned sows (n = 64 total sows).

Dominant (n = 16) Subordinate (n = 16)

Dominant (n = 16) Subordinate (n = 16)

Sow BW', kg Short Long Short Long S.EEM  P-value MID-SH DDGS-GM MID-SH DDGS-GM S.E.M  P-value
Mean 231.5 227.4 220.2 2241 2.81 0.14 227.42 231.42 226.22 218.10 2.88 0.01
GD 30 223.42 242.8° 192.8° 183.4° 4.18 0.002 235.22 231.12 190.3° 186.0° 4.28 0.05
GD 70 227.42 223.8%0 212,20 218.5° 3.12 0.10 223.42 227.82 218.72 211.9° 3.29 0.04
GD 90 233.5 226.6 219.5 224.9 3.80 0.09 227.12 233.0% 227.32 217.1° 3.39 0.02
GD 104 252.0 2471 235.8 241.8 4.67 0.22 247.42 251.72 246.32 231.3° 4.78 0.02
Gain 1 156,782 10.162 3.97° 11.252 2.76 0.02 10.532 15.412 10.752 4.47° 2.01 0.04
Gain 2 4.29 2.95 4.19 5.03 1.40 0.41 3.73 3.51 6.19 3.03 1.31 0.27
Gain 3 18.29 19.86 16.56 17.44 1.43 0.80 19.80 18.36 19.37 14.63 1.34 0.22
Total Gain 39.862 32.912 26.50° 33.72° 3.09 0.07 34.002 38.762 37.422 22.81P 3.95 0.02
Total loss 28.95 29.79 24.21 26.05 3.32 0.90 32.232 26.51aP 30.132 20.13° 4.00 0.06

TBW = body weight; GD = gestational Gain 1 = BW gain from GD30 until GD70; Gain 2 = BW gain from GD70 until GD90; Gain 3 = BW gain from GD90 until GD104; Total gain = BW
from GD 30 through 104. Total loss = BW GD 104 minus BW at end of lactation. Data are expressed as least-square means with pooled standard error of the mean (S.E.M). Probability
values indicate the interactive effect of social status x barrier length and social status x diet, thus within a row, means lacking common superscripted letters differ, P < 0.05.

TABLE 6 | Interactive effects of social status on mean litter-related traits for group-housed gestating sows fed one of two dietary fiber treatments and housed in pens

equipped with either short or long length feeding barriers (n = 64 total sows).

Dominant Subordinate
Short (n = 16) Long (n = 16) Short (n = 16) Long (n = 16)

Traits MID-SH DDGS-GM MID-SH DDGS-GM MID-SH DDGS-GM MID-SH DDGS-GM  S.E.M  P-value
Total Born, No. 13.332 16.00° 17.00° 14,2020 13.262 10.74° 11.832¢ 11.342¢ 1.31 0.10
Born Alive, No. 11.50 14.00 14.10 12.09 11.04 9.68 11.33 10.88 112 0.13
Males, No. 6.17 7.83 5.52 5.51 5.77 4.71 5.83 5.31 0.80 0.55
Females, No. 5.33 5.34 7.79 5.80 4.70 4.72 5.50 5.21 0.80 0.45
Stillborns, No. 1.67 1.83 2.70 1.89 1.83 1.08 0.50 0.28 0.69 0.72
Euthanized, No. 0.33 0.83 1.73 1.53 0.40 0.27 0.33 0.67 0.39 0.68
Total Mortality, No. 2.83 3.67 5.60 4.41 3.22 1.78 1.33 2.18 0.90 0.22
Litter Weight, kg 19.45 21.89 21.03 20.41 18.25 15.83 17.74 21.55 1.95 0.23
Litter Weight Adjusted, kg 19.77 19.26 17.32 19.80 18.59 19.03 19.72 23.02 1.32 0.29
Total Weaned, No. 10.33 10.67 10.94 10.14 10.50 10.36 10.00 9.16 0.73 0.66
Litter Wean Weight, kg 68.88 73.08 70.81 71.41 7216 65.33 67.92 73.13 5.19 0.49
Litter Wean Weight Adjusted, kg 68.50% 70.672 66.702° 72.26% 70.812 64.82° 69.65% 80.10° 2.56 0.01
Average Piglet Wean Weight, kg 6.672 6.872 6.502 6.992 7.022 6.332 6.822 8.00° 0.26 0.005

Short barrier length = 58.4 cm; long barrier length = 203.2 cm,; Wheat middlings and soy hulls = MID-SH; Distillers dried grains with solubles and germ meal = DDGS-GM. Data are
expressed as least-square means with pooled standard error of the mean (S.E.M). Probability values indicate the interactive effect of social status x barrier length x diet, thus within a

row, means lacking common superscripted letters differ, P < 0.05.

and glucose measures. The only interactive effect that occurred
were on mean neutrophil-to-lymphocyte (N:L) ratio (P < 0.05),
percentage of lymphocytes (P = 0.06), and plasma cortisol
concentrations (P = 0.06). The dominants in the MID-SHgj, o
treatment had the highest N:L ratio and lowest lymphocyte
percentages compared to subordinates in the same treatment and
sows in all other treatments, regardless of status. Interestingly,
subordinates in the DDGS-GM|opg treatment tended to have the
lowest mean cortisol concentration. However, the highest mean
glucose concentrations were compared to both subordinates

and dominants in other treatment groups (Table 7). No other
immune measures, including lymphocyte proliferation and
interleukin-12, were different among dominant and subordinate
sows in either treatment (P > 0.20).

It is important to note that several social status x barrier
length effects occurred for a few immune measures and glucose.
The subordinate sows (6.88 £ 0.22, No. 107/10 l) in pens with
short barriers had lower total WBC counts than dominant sows
(7.50 & 0.22, No. 107/10 pl) in the same pens and subordinates
(7.2 £ 0.22, No. 107/10 pl) in pens with long barriers, but counts
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TABLE 7 | Interactive effects of social status, barrier length, and diet on mean immune, cortisol, and glucose measures for pregnant sows housed in small group pens

throughout gestation (n = 64 total sows).

Dominant Subordinate
Short (n = 16) Long (n = 16) Short (n = 16) Long (n = 16)
Traits MID-SH DDGS-GM  MID-SH DDGS-GM  MID-SH DDGS-GM  MID-SH  DDGS-GM S.EM P-value
Total WBC, 108/l 7.11 7.79 5.96 7.20 6.76 7.00 6.97 7.67 0.45 0.81
Lymphocytes, 107/m 4.18 4.05 3.99 4.25 3.90 4.08 4.88 4.54 0.55 0.15
Neutrophils, 107/ml 2.33 2.02 2.04 2.15 1.83 1.76 2.36 2.30 0.69 0.65
Lymphocytes, % 39.582 44,820 48120 46.94b 44.282b 48.720 47.77° 46.38° 1.01 0.06
Neutrophils, % 52.51 48.79 44.91 47.26 47.80 44.29 44.92 46.59 1.04 0.10
Monocytes, % 2.36 1.68 2.58 1.65 2.36 2.69 2.1 1.84 0.33 0.47
Eosinophils, % 5.47 4.74 4.32 417 5.45 4.58 5.27 5.11 0.70 0.90
Neutrophil-to-Lymphocyte 1.792 1.3280 1.1820 1.35%P 1.3920 1.07° 1.14° 1.21a8b 0.14 0.04
ConA-Proliferation index 1.06 1.00 1.04 1.01 1.06 1.02 1.04 1.02 0.02 0.76
LPS-Proliferation, index 1.1 1.12 1.10 1.06 1.09 117 1.20 1.09 0.01 0.82
Interleukin-12, pg/ml 41.19 58.34 42.38 45.75 67.38 70.00 85.39 74.31 9.27 0.38
Cortisol, ng/ml 15,7920 17.872 18.072 13.94° 14.00° 16.812P 15.18° 12.56° 1.28 0.06
Blood Glucose, mg/dl 64.60° 64.66% 70.25° 66.932° 68.79° 67.44° 70.76° 72.94° 0.58 0.09

Short barrier length = 58.4 cm; long barrier length = 203.2 cm; Wheat middlings and soy hulls = MID-SH; Distillers dried grains with solubles and germ meal = DDGS-GM. Data are
expressed as least-square means with pooled standard error of the mean (S.E.M). Probability values indicate the interactive effect of social status x barrier length, thus within a row,

means lacking common superscripted letters differ, P < 0.05.

were similar to dominants (6.5 & 0.22, No. 107/10 pl) in pens
with long barriers (social status x barrier length; P < 0.05).
Total neutrophil numbers were higher among subordinate sows
(2.33 4 0.17, No. 107/ml) in pens with long barriers compared
to subordinates (1.77 & 0.17, No. 107/ml) in pens with short
barriers, but similar to dominants sows in pens with either short
(2.19 £ 0.17, No. 107/ml) or long (2.17 % 0.17, No. 107/ml)
barriers (social status x barrier length; P < 0.05). Also, the
subordinates (80.82 & 6.3, pg/ml) in pens with long barriers
IL-12 levels were 17.9% greater than subordinates (68.56 & 6.3,
pg/ml) in pens with short barriers and more than 62.0% greater
than dominant sows in pens with either long (48.81 + 6.3,
pg/ml) or short (49.78 & 6.3, pg/ml) barriers (social x barrier
length; P = 0.06). Moreover, subordinate sows in pens with long
barriers had greater mean blood glucose levels (72.85 £ 0.59,
mg/dL) compared to their contemporaries in pens with short
(68.0 £ 0.59, mg/dL) and dominant sows in pens with either long
(68.51 £ 0.59, mg/dL) or short (64.63 = 0.59, mg/dL) barriers
(social status x barrier length; P < 0.05). Subordinates (70.64
+ 0.67, mg/dL) fed the DDGS-GM diet had greater glucose
than dominants (66.49 £ 0.67, mg/dL) fed same diet whereas
subordinate (68.22 &+ 0.67, mg/dL) and dominant (68.39 + 0.67,
mg/dL) sows fed the MID-SH diet had similar concentrations
(social status x diet; P = 0.07).

DISCUSSION

Unfortunately, aggression is inevitable among group-housed
sows. It can be exacerbated by social disruption and the
competitive ability of the individual within the group resulting
in some sows experiencing more stress than others resulting in

compromised well-being. Animal welfare reflects the individual’s
successful adaptation, not the population (Ohl and van der
Staay, 2012). Within a group, the degree of individual welfare
is associated with social status (Li et al., 2017). Nevertheless,
sow social status may be one of the most critical and
overlooked factors influencing welfare variation among group-
housed gestating sows. These results revealed that the biological
consequences of adapting to social conflict and the degree
of individual welfare among loose-housed pregnant sows are
partly influenced by social status. Social status may also
explain the differential behavioral and immunological responses
and productivity outcomes between sows in the same pen
environments. More specifically, these data imply that dominant
and subordinate sows use different coping mechanisms to
adapt to their pen environment constraints, indicating that
the stress they experienced was different due to their social
position within the group or individual perception. Collectively,
these results validate that the interactive role of social status,
the housing infrastructure, and fiber diets can differentially
affect the individual welfare of gestating sows, but reducing
competition around feeding, especially for the subordinate sows,
may be beneficial.

Pregnant sows are limited-fed, which results in more
aggression among pen mates for resources (e.g., feed, water, lying
space). The more dominant sows are often the most competitive
and more likely to be the aggressor and displacer, whereas
subordinate sows are more likely to be on the receiving end
of the aggressive encounter and most often displaced during
feeding (Spoolder et al., 2009; Li et al., 2012; Wang and Li,
2016). Often, the subordinates experience poorer welfare as
indicated by higher skin lesions, lower feed intake, less body
weight gain, and a greater fear response (Elmore et al., 2011;
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Pacheco and Salak-Johnson, 2016; Li et al., 2017). Previously,
O’Connell et al. (2003) found lower-ranked sows received less
aggression when housed in pens with extended-length feeding
barriers than shoulder-length ones. This was certainly the case
here. In general, subordinate sows benefited the most from
being housed in pens with long barriers. They experienced the
least number of aggressive encounters and were less likely to
be displaced, and had longer eating bouts than subordinates in
pens with short ones. Subordinates in these pens and fed the
DDGS-GM diet experienced the least social stress. The extended
length served as a physical barrier that made it more difficult for
more dominant sows to displace lower-rank sows; therefore, the
subordinates could consume more of their daily feed allotment—
maximizing feed intake. They also expressed a higher percentage
of satiety-like behaviors (stand, sit, and lay), less oral-nasal-facial
and sham-chew behaviors, and heavier live body weights and
gains. They weaned heavier piglets resulting in better well-being
than subordinates in pens with short barriers.

Interesting, there were differential dietary effects among the
subordinates in pens with long barriers on behavior, sow body
weight and gain, and litter weaning weight. However, this dietary
effect was not found among subordinates in pens with short
barriers. Overall the subordinates fed high-fiber diets and housed
in pens with feeding places made from the longer length barriers
had a behavioral profile indicative of contentment and possibly
less stressed and more satiated than did subordinates in pens
with short barriers. More specifically, subordinates in the DDGS-
GMong were 70% less likely to be on the receiving end of
an aggressive encounter during feeding than those in MID-
SHjong treatment. Those fed the MID-SH diet also spent 53%
longer eating than those in DDGS-GMjgpg. At the same time,
subordinates in DDGS-GM],p,g treatment spent 23 and 50% less
time standing and laying during the observational period than
those in fed MID-SH. While subordinates fed the MID-SH diet
gained 64% more total body weight but lost 50% more body than
those fed the DDGS-GM diet. The increased body weights and
gains among the subordinates fed the MID-SH diet may be due
to it being bulkier than the DDGS-GM resulting in a feeling
of fullness and contentment as resulting in slower digestion
and prolonged postprandial peak in blood glucose (de Leeuw
et al,, 2004) and increased gastric distension (DeDecker et al.,
2014). However, the subordinates in DDGS-GM|opg treatment
had longer eating bouts than those in short and had increased
satiety behaviors.

Nevertheless, both diets elicited higher, more stable mean
glucose concentrations, but subordinates in DDGS-GMjypg
treatment had the highest glucose concentrations. Also, both
diets are mostly insoluble, but the MID-SH diet is 5 to 10%
more soluble (Jaworski and Stein, 2017), but unlikely enough
to explain the differences. Especially since the litter and average
piglet weaning weights among the subordinates in the DDGS-
GM]gng were 10.45 and 1.18 kg heavier than those fed MID-SH.
Their litters were also 15.28 kg heavier than subordinates in the
DDGS-GMyj, ot treatment. The subordinates fed the DDGS-GM
also had longer eating bouts and displayed a higher percentage
of satiety behaviors, but they gained less total body weight.
Lopez et al. (2021) also found that sows fed the DDGS-GM

diet had deeper backfat depth and lost less body weight at
the end of lactation than those fed MID-SH. The difference
in the physicochemical properties between the two diets may
partly explain the difference. Maybe the sows fed the DDGS-
GM diet differentially partitioned energy during gestation due
to experiencing different constraints but compensated during
lactation, which was evident by increased feed consumption
(Lopez et al., 2021). This may also partly explain the improved
weaning weights among the subordinates in the DDGS-GMjgng
treatment, but unlikely. Lopez found no interactive effects of
barrier length x diet on any measures; only main effects. They
found that sows fed the DDGS-GM weaned pigs were 0.5kg
heavier than those fed the MID-SH diet. Thus, these data imply
that the differential differences between subordinates in the MID-
SHjong and DDGS-GM,y treatments are more likely driven by
social position within the group.

Moreover, these data also support that dominant and
subordinates experienced different contraints within their
environments, thus evoking different biological responses to
adapt, especially the dominants in pens with long barriers.
Overall, dominants were more competitive and initiated
aggressive encounters, and displaced others from the feeding
places. However, by 3-weeks post-grouping, dominants in pens
with long barriers were less successful in attacking and displacing
subordinates which may have been frustrating. Conversely, the
number of aggressive encounters and displacement by dominants
toward the subordinates in pens with short barriers increased by
190 and 184% (Pacheco, 2015), indicating that the subordinates
in these pens were continuously experiencing social stress. Limit-
fed sows tend to be more frustrated, and merely increasing
the amount of feed offered (Li et al., 2012) or feeding fiber
(Pacheco, 2015) can reduce stereotypic behaviors and alter
satiety-related behaviors (lay, stand, sit, and exploratory). In
general, dominants displayed the highest percentage of oral-
nasal-facial behaviors, and sham-chewing post-feeding and high-
fiber diets had minimal effects on these behaviors until social
status and length were considered. Dominants in DDGS-
GMhort treatment had the highest percentage of oral-nasal-facial
behaviors, but the lowest percentage of sham-chewing when
fed the MID-SH diet. At the same time, subordinates displayed
less oral-nasal-facial behaviors in DDGS-GMg},o,¢ and less sham-
chewing in the MID-SHjy,, treatment. These differences may
reflect different coping mechanisms required to adapt to the
constraints of the pen environment. The dominant sows in
pens with longer length barriers could have been frustrated due
to the inability to displace others and steal feed. The shorter
barrier made it easier for dominants to acquire extra feed
by displacing others from the feeder, resulting in higher feed
intake, compensating for the extra energy needed to maintain
social status.

In contrast, subordinates in pens with short barriers may
have been more stressed initially but eventually adapted to
the pen environment. The dominant sows housed in pens
with short barriers were more aggressive and more successful,
displacing other sows from the feeder, especially subordinates,
throughout the entire gestational period. They received more
aggressive attacks and displacements during feeding, restricting
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their ability to consume their feed allotment, which was evident
by having the shortest eating bouts. Also, the subordinates may
be more fearful, especially early on, which may explain the longer
bouts of standing and laying during the observational period,
contributing to their shorter eat bouts. Initial aggression can lead
to subordinates being fearful of further conflicts while attempting
to obtain feed (Kranendonk et al., 2007), while higher-ranked
sows defend their access to feed, resulting in them being heavier
during gestation and lactation (Zhao et al., 2013). Lower-ranked
sows may suffer from fear and behavioral restriction in the
presence of more dominant sows when kept in pens with an
unprotected feeding system (Chapinal et al., 2010). Over time,
subordinates spent 30% less time eating and 49% more time
laying than subordinates in pens with long barriers. We postulate
that this behavioral budget change among subordinates in pens
with short barriers may imply that they learned to eat faster,
and once they were displaced, they retreated to avoid further
conflict. These sows were often observed laying in the open-
pen area away from the feeding places, which may explain
their shorter eating bouts, a higher percentage of time spent
laying and standing during the observational period, and lower
body weight gain. It is plausible that this may have been a
compensatory response evoked by a lack of satiety experienced
by sows in the pens with short barriers that had reduced feed
intake due to feeding competition during gestation; however,
it is more likely this is due to the social status and not
diet treatment alone since for the most part subordinates in
the pens with short barriers had similar responses, regardless
of diet.

Finally, social stress has been shown to influence immune
systems such as lymphocyte proliferation and natural killer
cell cytotoxicity (Morrow-Tesch et al., 1994; Salak-Johnson and
Webb, 2018). An individual’s social rank often plays a more
significant role in the stress responsiveness within the group
than the stressor itself, thus contributing to individual welfare
variation, implying that animals of different social statuses may
evoke different biological responses in an attempt to cope
(Salak-Johnson and McGlone, 2007). For example, 24-h after
moving sows into a new pen environment, the acute stress
response was evoked regardless of social rank (DeDecker and
Salak-Johnson, 2020). Nevertheless, the magnitude of change
for several immune traits was affected by social rank compared
to the baseline, resulting in differential effects on the immune
measures of various social ranks coping differently. However,
stress does not always suppress the immune system, and it
may enhance or have no effect. Social rank-related differences
in the distribution of leukocyte populations imply that high
and low social ranks are not simply a persistent stressful
situation. For example, a higher percentage of neutrophils in
subordinates may indicate that subordinates occupy a more
stressful position (Widowski et al., 1989). In contrast, a higher
neutrophil-to-lymphocyte ratio among dominants may indicate
that they occupy a more stressful situation (Sutherland et al.,
2006). Surprisingly, there were limited and inconsistent 3-way
interactive effects on immune measures and cortisol; thus, it
is more likely that social status (or social environment) partly
explains the immunological differences between treatments.

Subordinates fed the MID-SH diet had the lowest neutrophil-
to-lymphocyte ratio, whereas dominants fed the same diet
but in pens with short barriers had the highest. However,
as evident by heavier body weights and gain, the higher
N:L ratio among the dominants in MID-SHg,,¢ treatment
does not indicate poorer welfare. Thus, the social rank had
differential modulating effects on these parameters to cope
with the constraints, and the appropriate physiological response
was initiated.

CONCLUSION

Herein we demonstrate that social status or social position within
a group-pen differentially affects behavior, immune status, and
productivity measures among sows in pens with short or long
barriers and fed different fiber diets. These differential profiles
between dominant and subordinates support that social status
indicates an individual’s welfare within a group. Collectively,
subordinate sows in pens with long barriers experienced less
social stress. The longer barriers provided them protection
and allowed them to consume their daily feed allotment and
dietary fiber differentially affected behavioral budgets between
the subordinates in these pens. We also demonstrate that
dominant and subordinates used different coping mechanisms
to adapt to the constraints of their pen environments, either by
altering behavioral budgets or physiological responses without
a welfare cost per se. Social status is a crucial factor that
contributes to variation in individual well-being among group-
housed sows. Finally, reducing competition around feeding
and minimizing social conflict among lower-ranked sows may
be beneficial.
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