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Abstract

The global trend toward housing gestating sows in group-pens is primarily driven
by welfare concerns associated with the use of individual gestation stalls. Despite
transition toward group-housing systems, no housing system has scientifically
been identified as being better than another based on current notions of sow well-
being. Both benefits and drawbacks are associated with housing gestating sows
either individually or in groups. The main concern associated with group-housing
is increased sow aggression that occurs at mixing and around limited resources,
including feed and water. Aggression is inevitable and unavoidable upon mixing of
unfamiliar sows, but is necessary for establishment of social hierarchy, which helps
reduce overall aggression and tension among the group. Unfortunately, if aggression is
intense and prolonged it may lead to stress and compromised sow well-being. With few
differences in sow well-being identified between gestation housing systems, it seems
plausible that the consequences on sow well-being is not only about the stall or the
pen the sow is confined to, but the interactive effects of other housing components. In
pens, some of the most critical factors to consider include space allowance, group size,
time of mixing, and feeding systems/strategies which may directly or indirectly affect
various welfare metrics (e.g., lesion scores, aggressive behavior, reproduction). It is
imperative to minimize aggression among grouped sows and feeding and management
strategies are viable options that can be used to reduce aggression among group-
housed sows, but not eliminate aggressive encounters. Therefore, the focus of this
review is to examine the different feeding and management strategies that can be used
to mitigate the drawbacks of grouping housing sows, while improving performance,
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Introduction

The use of the gestation stall, within in the US, has become
increasingly controversial due to consumer and legislative pressure to
transition to alternative group-housing systems. Legislative and ballot
initiatives have limited the use of the individual stalls in some US
states, whereas, in the European Union and other countries across the
globe the use of the individual stall has been eliminated. There are
both plusses and minuses associated with sows being housed either
individually or in groups and limited data indicate an improvement
in sow well-being, in any system.'? Group-housing systems are
extremely complex, and difficult with which to come to grips, simply
because there are so many factors that must be considered. Animal
accommodations are not jigsaw puzzles, meaning the pieces do not
necessarily fit together perfectly or even acceptably. Yes, group-pens
facilitate social living and freedom of movement, but not without
welfare tradeoffs or consequences.

The major welfare concern associated with managing sows in
groups is increased aggressive interactions, especially at mixing and
during feeding, which results in more skin lesions and injuries, and
variability in body condition scores, which may negatively impact
sow well-being. Aggression is inevitable among unfamiliar sows
for establishment of social hierarchy which helps reduce overall
aggression and tension within the group. However, if aggression is
intense and prolonged, it can lead to stress and compromise animal
well-being. Sows housed in group-pens experience acute stress, but
some sows may experience chronic stress caused by ongoing social

stress and variable feed intake. Moreover, other housing components
such as feeding method, floor-space allowance, group size, and
behavioral management—just to name a few—may exacerbate the
impact on sow well-being. In fact, when a group-keeping system
fails to work well, some sows inevitably experience a poor state of
wellness.>* The focus of this review is to discuss the effects of stress
on animal welfare and to examine few of the potential housing and
management strategies that may be used to mitigate the drawbacks of
group-sow housing, especially in terms of minimizing aggression, and
maintaining good welfare.

Stress and allostasis

Assessing stress is often challenging because animal factors
including genetics, age, physiological state, and social relationships
affect the biological response(s) to the stressor and the biological
consequence to animal well-being.’ In general, when confronted with
a stressor, an animal elicits a biological response(s) in attempt to
cope with stress, and if the appropriate response is initiated, often the
biological cost is minimal in terms of animal well-being. Conversely,
if an animal is unable to cope with a stressor, its’ life expectancy
and productivity may be compromised.® In short, once the threat to
homeostasis is perceived, the hypothalamic-pituitary-adrenal (HPA)
axis is activated upon the release of corticotropin releasing factor
which in turn causes the release of adrenocorticotropic hormone
which leads to the secretion of glucocorticoids, primarily cortisol.”®
Glucocorticoids regulate basal activity of the HPA axis and terminates
the stress response via negative feedback. Hence, activation,
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modulation, and termination of the HPA axis is essential for adaptation
and homeostasis in the short term; however, in the long-term, repeated
stress or prolonged stress can lead to high cortisol levels and once the
animal fails to cope with the stressor it may experience distress (“bad”
stress). Well-being is often compromised when animals experience
distress because nutrients must be diverted from other biological
functions (e.g. growth, reproduction) in attempt to mitigate and cope
with the stressor.’ Stress can be defined as “a real or interpreted threat
to physiologic or psychologic integrity of an individual organisms
that evokes physiological and/or behavioral responses,” to achieve a
state of equilibrium.” Homeostasis refers to the re-establishment of an
internal set point by initiating the appropriate physiological adjustment
that enables the organism to achieve internal equilibrium.!®

Whereas, allostasis is a process that supports homeostasis and
stability is achieved through change.!" In general, homeostasis
applies to those physiological systems that are essential for life,
while allostasis applies to those physiological systems that change as
environment(s) and other life history stages change.!®! It has been
proposed that the allostasis is better concept to assess animal well-
being since the capacity to change is crucial to good health and good
animal welfare.'? The mediators of allostasis (e.g., glucocorticoids,
catecholamines) are protective and adaptive, thus increasing survival
and health, however too much can also be damaging. At times animals
may fail to successfully habituate to repeated challenges, fail to
shut-down the physiological response, or fail to initiate an adequate
response to mitigate the challenge, this animal is experiencing
an allostatic overload and well-being is compromised.”® It is also
important to recognize that other factors may influence the biological
response evoked and the biological cost to the animal, including type
(physical or psychological) and duration (chronic or acute) of the
stressor as well as physiological status of the animal.”® For example,
Salak-Johnson et al."*!> found that gestating sows housed in group-
pens at different floor-space allowances or in individual stalls initiate
different behavioral and immunological responses in attempt to cope
with the constraints of their specific housing environment. The authors
concluded that different housing environments evoked different
biological response(s), which enable them to cope with the constraints
of each environment, hence these responses did not compromise
sow well-being in terms of performance, productivity, or health.
More specifically, these data imply that if the appropriate biological
response is initiated, animal adapts, thus minimal consequences (if
any) on sow well-being.

Aggression welfare concern

Increased aggression at mixing and around limited resources,
such as feed and water is a major drawback associated with group-
housed sows. Aggression among group-housed sows is evitable and
necessary to establish social hierarchy within the group, which often
reduces aggressive encounters later-on.'®!” Despite an established
hierarchy, aggression may still occur, especially during feeding, with
higher-ranked sows displacing lower-ranked sows, thus resulting in
sows that are either too thin or too fat.'®!° Moreover, food deprivation
leads to an increase in cortisol and if prolonged, animals can lose body
weight, experience reproductive failure,”?? and affect embryonic
development (i.e. decrease embryonic cleavage rate).> More recently,
Pacheco & Salak-Johnson* found that dominant sows engaged in
more aggressive encounters and that over-time they may experience
chronic stress which may cost them in terms of performance
and productivity. It is plausible, that welfare tradeoff in terms of
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reproductive performance may be greater for dominant sows in some
group-housing systems than submissive sows.

Sow social rank tends to be related to parity, meaning higher parity
sows are often the more dominant sow within the group.” Higher
parity sows are involved in more and longer aggressive encounters than
lower parity sows,? and pregnant gilts that are housed in mixed parity
group-pens tend to avoid aggressive encounters'* while housing only
gilts together higher-ranked gilts show more aggression and lower-
ranked gilts receive more aggression.”” When group-housed sows
are fed individually, social rank influences the order that the group
of sows consume feed, with highest-ranked animals entering feeding
area first when housed in pens with an electronic sow feeding system
or the first feeding stall when a stall system is used.”?® Moreover,
when sows are floor-fed, the higher-ranked sows will “guard” feed
by staying in the center of the feed pile, thus lower-ranked sows only
have access to feed on the outer-edge of the pile.'® Dominant sows also
displace submissive sows from the feeder, resulting in higher-ranked
sows consuming more feed than lower-ranked sows,'** thus higher-
ranked sows gain more body weight during gestation than lower-
ranked resulting in greater variability in body condition scores among
the group. Sows that consume more than their daily feed allotment
tend to be heavier and obese, while those sows that consume less tend
to be lighter. It is apparent that the biological cost to the sow in terms
of well-being may be dictated by social rank within the group as well.

Other housing components impact welfare

Many other factors, such as group-size, floor-space allowance,
and type of feeding system may also affect aggressive behavior and
well-being of group-housed gestating sows either independently
or interactively. When comparing groups of 5, 10, 20, and 40 sows
per pen, aggression increased as group size increased,’® while
Hemsworth®! found less injuries among sows housed in groups of
10 compared to housing sows in groups of 30 or 40. Moreover, they
found that as space allowance increased from 1.4m? to 3.0m? per sow,
aggression during feeding was reduced. Similarly, Salak-Johnson'
demonstrated that sows allotted to pens at 1.4m? of floor-space per sow
had greater lesion scores and lower body condition scores compared
to sows that were allotted at 2.3m? or 3.3m? of floor-space per sow.
Also, total lesion severity scores were higher for sows kept at 1.7m?
as opposed to 2.3m? of floor-space per sow.*?> Anil** found that sows
managed dynamically in pens with an electronic sow feeding system
had higher injury scores compared to sows maintained in static groups
or only mixed twice. Similarly, sows managed in a static group of
35-40 sows per group had less lesions than if sows were managed in
a dynamic group with more than 100 sows per pen.** In addition, the
type of feeding system used affects aggressive behavior and sow body
condition score, with greater aggression and injuries when sequential
feeding systems (e.g. electronic sow feeder) are used compared to
simultaneous feedings systems (e.g. trickle-feeding system).3>3 Yet,
more sow displacement occurs in the latter system leading to greater
variability in body condition scores because some sows eat more feed
than other sows.

The time of mixing post-breeding can affect aggressive encounters
and reproductive performance. Mixing sows at 35days post-breeding
resulted in less aggressive encounters, lesion scores, and cortisol
concentrations than if sows were mixed prior to day 35.2%37 Conversely,
Knox3 found that mixing sows 13 to 17days post-breeding resulted
in less bouts of fighting compared to sows that were mixed at 3 to
7days or 35days post-breeding. Often times mixing sows before
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implantation can negatively impact reproductive performance, such
that farrowing and conception rates are reduced among sows that were
mixed prior to day 9 post-breeding.>*3*

Managing aggression group-housing feeding strategies

In In general, some believe that stereotypic behavior equates to
compromised sow well-being, while others believe that these behaviors
serve as coping mechanisms and/or are part of pre- and post-feeding
behavioral sequences. Sekiguchi & Koketsu*® found that sows perform
more sham-chew behavior and far rowed less piglets compared
to sows that did not perform this behavior; yet, other reproductive
performance measures were not different. Stereotypic behaviors may
serve as a coping mechanism in a stressful environment*#! or develop
due to lack of satiety among limit fed sows.*” Terlouw* reported
that gilts fed 2.2kg per day displayed an increase in activity, chain
manipulation, and pre-feeding sham-chewing compared to those gilts
that were fed 4.0kg per day and sows fed 2.5kg per day also performed
more oral-nasal-facial behaviors compared to sows fed 4.0kg/day.*

Feeding strategies, such as modified gestational diets, have been
feed to sows to improve satiety and reduce stereotypic behaviors.
Gestating sows are restricted fed in terms of the amount of fed, but
are fed enough metabolizable energy to meet their maintenance and
reproductive needs, while preventing obesity. It has been shown
that restricted-fed sows develop stereotypies, especially in terms of
increased activity in oral-nasal-facial behaviors which may equate
to high levels of feeding and foraging motivation.*** In an attempt
to limit these behaviors, researchers have fed sows high-fiber
gestational diets which are bulkier and increase feeding duration and
improves satiety*®*’ and these diets have also been shown to reduce
sham-chewing, bar biting, and foraging-like behaviors in sows.324>4
Moreover, feeding fiber to group-housed sows increased time spent
lying and decreased aggressive behavior. de Leeuw* found that sows
fed a high-fiber diet spent less time active and made less frequent
postural changes for several hours post-feeding and others reported
not only a decrease in general activity but an increase in time spent
lying.**%° Furthermore, vulva lesion scores were less severe among
sows fed a high-fiber diet compared to sows fed a low-fiber diet,
which may be partly explained by the decrease in aggression among
the group.’>* Fiber source and amount of fiber must be considered
as well. Robert® found that feeding sows wheat bran and corn-cob
fiber diet was more effective at reducing stereotypic behaviors and
increasing time spent lying compared to feeding sows an oat hulls fiber
diet. Thus, some sources of fiber do not affect stereotypic behaviors,
such as feeding a supplemented fortified sorghum-soybean meal
diet with 25% beet pulp had no effect on oral-nasal-facial behaviors
in gilts.’! Similarly, feeding sows a high fiber diet of corn-soybean
meal with 40% soybean hulls had no effect on stereotypic behaviors,
however, time spent eating was increased.”> Moreover, feeding high
energy diets to sows can reduce stereotypic behaviors such as sham-
chewing and chain manipulation, but this strategy has not been well
documented.®

The use of feeding partitions may also help reduce aggressive
encounters among group-housed sows. When sows are restricted-fed
they fight to access feed, thus using feeding partitions provide partial
protection for sows during feeding is a good option. Aggressive
interactions are reduced during feeding among group-housed sows
when partial feeding partitions are used compared to feedings sow on
the floor without protection.”® The length of the feeding partitions is
important, aggression and displacement of submissive sows is reduced
and time spent eating is increased when full body partitions are used
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compared to shoulder length feeding partitions.” Conversely, sows
housed in pens with shoulder length feeding partitions had shorter
aggressive encounters during the first 48hours post-mixing and less
severe lesions compared to sows housed in pens with full body length
feeding partitions,* implying that other factors affect the outcome
other than length of feeding partition. In fact, it may be a combination
of factors such as diet, feeding system, and (or) group size.

Conclusion

Numerous Feeding and management strategies can be used to
reduce aggression and stress among group-housed gestating sows, but
minimizing these concerns do not necessarily equate to enhance sow
well-being in terms of performance, productivity, behavior, or health.
With few differences being found among group-housed sows in terms
of improved sow well-being, it is likely that the housing system
per se may not be the only critical component, but other factors or
constraints of the housing system may have greater impact on sow
well-being. Data support that other factors are more likely to influence
sow behavior, physiology, performance, and overall well-being, more-
so0, than simply a group pen or level of aggression. Moreover, multiple
factors such as floor-space, group size, social status, and feeding
system/management can affect not only the level of aggression and
stress among the group of sows, but may exacerbate the consequences
of group-housing system on sow well-being. For example, we found
that social rank, feeding stall length, and dietary fiber interactively
affected sow aggression and differentially affected the well-being of
dominant and submissive sows.’® More specifically, submissive sows
had improved well-being in terms of reproduction and performance,
while dominant sows had compromised litter-performance as evident
by higher mortality and lower weaning weights, thus implying the
that welfare tradeoffs and biological cost was mainly dictated by sow
social rank. These data support that the housing system per se as well
as level of aggression were not the most critical factors, but it was the
constraints of the environment imposed on the dominant sows since
we found no differences between treatments when social rank was
not considered.”® Hence, sow social rank exacerbated the negative
effects of group-housing and aggression on dominant sow well-being,
while improving submissive sow well-being. These findings further
supported the theory that if aggression is prolonged and intense it
can lead to stress and compromised sow well-being. Thus, managing
physical and biological factors within a housing system adequately
as well as implementing new strategies (e.g. high fiber diets and
feeding partitions) may be viable opportunities to minimize the level
of aggression and potential consequences, but reality is improved sow
well-being in group-pens is highly dependent upon on other factors,
including housing factors, but more importantly sow traits which can
interactively affect sow well-being in the short- and long-term.

Acknowledgements

none.

Conflict of interest

Author declares that there is no conflict of interest.

References

1. McGlone JJ, von Borell EH, Deen J, et al. Review: Compilation of the
scientific literature comparing housing systems for gestating sows and
gilts using measures of physiology, behavior, performance and health.
Prof Anim Scientist. 2004;20(2):105-117.

Citation: Lopez M, Salak-Johnson JL.A review: aggression concerns with group-housed sow well-being. | Dairy Vet Anim Res. 2016;4(3):319-323.

DOI: 10.15406/jdvar.2016.04.00122


https://doi.org/10.15406/jdvar.2016.04.00122
http://agris.fao.org/agris-search/search.do?recordID=US201300954052
http://agris.fao.org/agris-search/search.do?recordID=US201300954052
http://agris.fao.org/agris-search/search.do?recordID=US201300954052
http://agris.fao.org/agris-search/search.do?recordID=US201300954052

A review: aggression concerns with group-housed sow well-being

w

(%)

N

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. McGlone JJ. Review: Updated scientific evidence on the welfare of

gestating sows kept in different housing systems. Prof Anim Scientist.
2013;29(3):189-198.

.McGlone JJ. Comparison of sow welfare in the Swedish deep-

bedded system and the US crated-sow system. J Am Vet Med Assoc.
2006;229(9):1377-1380.

. Curtis SE. Whys and wherefores in the evolution of sow-keeping systems.

Des Moines, USA: Sow Housing Forum Proceedings. 2007:1-7.

. Moberg GP, Mench JA. The biology of animal stress: basic principles

and implications for animal welfare. Davis, USA: CABI, University of
California; 2000.

Broom DM. Assessing welfare and suffering. Behav Process.
1991;25(2-3):117-123.

Mellor DJ, Cook ClJ, Stafford KJ. Quantifying some responses to pain as a
stressor. The Biology of Animal Stress: Basic Principles and Implications
for Welfare. USA: University of California CABI Publishing; 2000. p.
171-198.

Bellavance MA, Rivest S. The HPA-immune axis and the
immunomodulatory actions of glucocorticoids in the brain. Front
Immunol. 2014;5(136):1-13.

McEwen BS. Stress: Homeostasis, rheostasis, allostasis and allostatic
load. Stress Science: Neuroendrocrinology. 2010:10-14.

Cannon WB. The wisdom of the body. New York, USA; 1932. 312p.

McEwen BS. Stress, adaptation, and disease. Allostasis and allostatic
load. Ann NY Acad Sci. 1998;840:33—44.

Korte SM, Olivier B, Koolhaas JM. A new animal welfare concept based
on allostasis. Physiol Behav. 2007;92(3):422-428.

Salak-Johnson JL, McGlone JJ. Making sense of apparently conflicting
data: Stress and immunity in swine and cattle. J Anim Sci. 2007;85(13
Suppl):E81-E88.

Salak-Johnson J, Niekamp SR, Rodriguez-Zas SL, et al. Space allowance
for dry, pregnant sows in pens: Body condition, skin lesions, and
performance. J Anim Sci. 2007;85(7):1758—1769.

Salak-Johnson JL, DeDecker AE, Horsman MJ, et al. Space allowance
for gestating sows in pens: Behavior and immunity. J Anim Sci.
2012;90(9):3232-3242.

Greenwood EC, Plush KJ, van Wettere WH, et al. Hierarchy formation
in newly mixed, group housed sows and management strategies aimed at
reducing its impact. Appl Anim Behav Sci. 2014;160:1-11.

Velarde A. “Agonistic behaviour.” On farm monitoring of pig welfare.
Wageningen, Netherlands: Wageningen Academic Press; 2007;53—56.

Csermely D, Wood-Gush DG. Agonistic behaviour in grouped sows. I1.
How social rank affects feeding and drinking behaviour. ltalian J Zool.
1990;57(1):55-58.

Kranendonk G, Van der Mheen H, Fillerup M, et al. Social rank of pregnant
sows affects their body weight gain and behavior and performance of the
offspring. J Anim Sci. 2007;85(2):420-429.

Anderson LL. Embryonic and placental development during prolonged
inanition in the pig. Am J Physiol. 1975;229(6):1687—1694.

Tsuma VT, Einarsson S, Madej A, et al. Effect of food deprivation during
early pregnancy on endocrine changes in primiparous sows. Anim Reprod
Sci. 1996;41(3-4):267-278.

Mburu JN, Einarsson S, Kindahl H, et al. Effects of post-ovulatory food
deprivation on oviductal sperm concentration, embryo development and
hormonal profiles in the pig. Anim Reprod Sci. 1998;52(3):221-234.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Copyright:

©2016 Lopez et al. 322

Razdan P, Mwanza AM, Kindahl H, et al. Effect of repeated ACTH-
stimulation on early embryonic development and hormonal profiles in
sows. Anim Reprod Sci. 2002;70(1-2):127-137.

Pacheco E, Salak-Johnson JL. Social status affects welfare metrics of
group-housed gestation sows. J Vet Rese Ani Husb. 2016;1(1):103-110.

Hunter E, Broom DM, Edwards SA, et al. Social hierarchy and feeder
access in a group of 20 sows using a computer-controlled feeder. Anim
Prod. 1988;47(1):139-148.

Strawford ML, Li YZ, Gonyou HW. The effect of management strategies
and parity on the behaviour and physiology of gestating sows housed in
an electronic sow feeding system. Can J Anim Sci. 2008;88(4):559-567.

Mendl M, Zanella AJ, Broom DM. Physiological and reproductive
correlates of behavioural strategies in female domestic pigs. Anim Behav.
1992;44(6):1107-1121.

Gonyou HW. The Social Behaviour of Pigs 6. Social Behavior in Farm
Animals. 2001. 147p.

Andersen IL, Boe KE, Bristiansen AL. The influence of different feeding
arrangements and food type on competition at feeding in pregnant sows.
Appl Anim Behav Sci. 1999;65(2):91-104.

Taylor 1A, Barnett JL, Cronin GM. Optimum group size for pigs. In
Proceeding of the Sth International Symposium on Livestock Environment.
American Society of Agricultural Engineers. 1997;2:965-971.

Hemsworth PH, Rice M, Nash J, 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(10):4953—4964.

De Decker AE, Hanson AR, Walker PM, et al. Space allowance and
high fiber diet impact performance and behavior of group-kept gestating
sows. J Anim Sci. 2014;92(4):1666-1674.

Anil L, Anil SS, Deen J, et al. Effect of group size and structure on the
welfare and performance of pregnant sows in pens with electronic sow
feeders. Can J Vet Res. 2006;70(2):128—136.

LiYZ, Gonyou HW. Comparison of management options for sows kept in
pens with electronic feeding stations. Can J Ani Sci. 2013;93(4):445-452.

Krause M, Klooster CVT, Buré RG, et al. The influence of sequential and
simultaneous feeding and the availability of straw on the behaviour of
gilts in group housing. Netherlands J Agric Sci. 1997;45(1997):33-48.

Chapinal N, Ruiz-De-La-Torre JL, Cerisuelo A, et al. Aggressive
behavior in two different group-housing systems for pregnant sows. J
Appl Anim Welfare Sci. 2010;13(2010):137-153.

Stevens B, Karlen GM, Morrison R, et al. Effects of stage of gestation at
mixing on aggression, injuries and stress in sows. Appl Anim Behav Sci.
2015;165(2015):40-46.

Knox R, Salak-Johnson J, Hopgood M, et al. Effect of day of mixing
gestating sows on measures of reproductive performance and animal
welfare. J Anim Sci. 2014;92(4):1698-1707.

Sekiguchi T, Koketsu Y. Behavior and reproductive performance by
stalled breeding females on a commercial swine farm. J Anim Sci.
2004;82(2):1482-1487.

Wiepkema PR, Schouten WGP. Stereotypies in sows during chronic
stress. Psychotherapy Psychosomatics. 1992;57(4):194-199.

Mason G, Clubb R, Latham N, et al. Why and how should we use
environmental enrichment to tackle stereotypic behaviour? Appl Anim
Behav Sci. 2006;102(3—4):163-188.

Danielsen V, Vestergaard EM. Dietary fibre for pregnant sows: effect on
performance and behaviour. Anim Feed Sci Techno. 2001;90(1-2):71-80.

Citation: Lopez M, Salak-Johnson JL.A review: aggression concerns with group-housed sow well-being. | Dairy Vet Anim Res. 2016;4(3):319-323.

DOIl:

10.15406/jdvar.2016.04.00122


https://doi.org/10.15406/jdvar.2016.04.00122
http://www.professionalanimalscientist.org/article/S1080-7446(15)30224-2/fulltext
http://www.professionalanimalscientist.org/article/S1080-7446(15)30224-2/fulltext
http://www.professionalanimalscientist.org/article/S1080-7446(15)30224-2/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/17078799
https://www.ncbi.nlm.nih.gov/pubmed/17078799
https://www.ncbi.nlm.nih.gov/pubmed/17078799
http://www.cabi.org/cabebooks/ebook/20002215200
http://www.cabi.org/cabebooks/ebook/20002215200
http://www.cabi.org/cabebooks/ebook/20002215200
https://www.ncbi.nlm.nih.gov/pubmed/24923971
https://www.ncbi.nlm.nih.gov/pubmed/24923971
https://anatomiayplastinacion.wikispaces.com/file/view/The+biology+of+the+animal+stress.pdf
https://anatomiayplastinacion.wikispaces.com/file/view/The+biology+of+the+animal+stress.pdf
https://anatomiayplastinacion.wikispaces.com/file/view/The+biology+of+the+animal+stress.pdf
https://anatomiayplastinacion.wikispaces.com/file/view/The+biology+of+the+animal+stress.pdf
https://www.ncbi.nlm.nih.gov/pubmed/24744759
https://www.ncbi.nlm.nih.gov/pubmed/24744759
https://www.ncbi.nlm.nih.gov/pubmed/24744759
http://psycnet.apa.org/psycinfo/1932-02164-000
https://www.ncbi.nlm.nih.gov/pubmed/9629234
https://www.ncbi.nlm.nih.gov/pubmed/9629234
https://www.ncbi.nlm.nih.gov/pubmed/17174361
https://www.ncbi.nlm.nih.gov/pubmed/17174361
https://www.ncbi.nlm.nih.gov/pubmed/17085721
https://www.ncbi.nlm.nih.gov/pubmed/17085721
https://www.ncbi.nlm.nih.gov/pubmed/17085721
https://www.ncbi.nlm.nih.gov/pubmed/17371790
https://www.ncbi.nlm.nih.gov/pubmed/17371790
https://www.ncbi.nlm.nih.gov/pubmed/17371790
https://www.ncbi.nlm.nih.gov/pubmed/22871940
https://www.ncbi.nlm.nih.gov/pubmed/22871940
https://www.ncbi.nlm.nih.gov/pubmed/22871940
http://www.sciencedirect.com/science/article/pii/S0168159114002457
http://www.sciencedirect.com/science/article/pii/S0168159114002457
http://www.sciencedirect.com/science/article/pii/S0168159114002457
http://www.wageningenacademic.com/doi/book/10.3920/978-90-8686-591-8
http://www.wageningenacademic.com/doi/book/10.3920/978-90-8686-591-8
http://www.tandfonline.com/doi/pdf/10.1080/11250009009355674
http://www.tandfonline.com/doi/pdf/10.1080/11250009009355674
http://www.tandfonline.com/doi/pdf/10.1080/11250009009355674
https://www.ncbi.nlm.nih.gov/pubmed/17235027
https://www.ncbi.nlm.nih.gov/pubmed/17235027
https://www.ncbi.nlm.nih.gov/pubmed/17235027
https://www.ncbi.nlm.nih.gov/pubmed/1211502
https://www.ncbi.nlm.nih.gov/pubmed/1211502
http://www.sciencedirect.com/science/article/pii/037843209501456X
http://www.sciencedirect.com/science/article/pii/037843209501456X
http://www.sciencedirect.com/science/article/pii/037843209501456X
https://www.ncbi.nlm.nih.gov/pubmed/9783995
https://www.ncbi.nlm.nih.gov/pubmed/9783995
https://www.ncbi.nlm.nih.gov/pubmed/9783995
http://www.sciencedirect.com/science/article/pii/S0378432001001828
http://www.sciencedirect.com/science/article/pii/S0378432001001828
http://www.sciencedirect.com/science/article/pii/S0378432001001828
http://www.elynsgroup.com/journal/article/social-status-affects-welfare-metrics-of-group-housed-gestating-sows
http://www.elynsgroup.com/journal/article/social-status-affects-welfare-metrics-of-group-housed-gestating-sows
http://agris.fao.org/agris-search/search.do?recordID=US201301408825
http://agris.fao.org/agris-search/search.do?recordID=US201301408825
http://agris.fao.org/agris-search/search.do?recordID=US201301408825
http://www.appliedanimalbehaviour.com/article/S0168-1591(99)00058-1/abstract
http://www.appliedanimalbehaviour.com/article/S0168-1591(99)00058-1/abstract
http://www.appliedanimalbehaviour.com/article/S0168-1591(99)00058-1/abstract
https://www.ncbi.nlm.nih.gov/pubmed/23893983
https://www.ncbi.nlm.nih.gov/pubmed/23893983
https://www.ncbi.nlm.nih.gov/pubmed/23893983
https://www.ncbi.nlm.nih.gov/pubmed/24663162
https://www.ncbi.nlm.nih.gov/pubmed/24663162
https://www.ncbi.nlm.nih.gov/pubmed/24663162
https://www.ncbi.nlm.nih.gov/pubmed/16639945/
https://www.ncbi.nlm.nih.gov/pubmed/16639945/
https://www.ncbi.nlm.nih.gov/pubmed/16639945/
http://agris.fao.org/agris-search/search.do?recordID=NL1998002835
http://agris.fao.org/agris-search/search.do?recordID=NL1998002835
http://agris.fao.org/agris-search/search.do?recordID=NL1998002835
http://www.tandfonline.com/doi/abs/10.1080/10888700903579846
http://www.tandfonline.com/doi/abs/10.1080/10888700903579846
http://www.tandfonline.com/doi/abs/10.1080/10888700903579846
http://www.sciencedirect.com/science/article/pii/S0168159115000374
http://www.sciencedirect.com/science/article/pii/S0168159115000374
http://www.sciencedirect.com/science/article/pii/S0168159115000374
https://www.ncbi.nlm.nih.gov/pubmed/24663158
https://www.ncbi.nlm.nih.gov/pubmed/24663158
https://www.ncbi.nlm.nih.gov/pubmed/24663158
https://www.ncbi.nlm.nih.gov/pubmed/15144090
https://www.ncbi.nlm.nih.gov/pubmed/15144090
https://www.ncbi.nlm.nih.gov/pubmed/15144090
https://www.karger.com/Article/Abstract/288598
https://www.karger.com/Article/Abstract/288598
http://www.sciencedirect.com/science/article/pii/S0168159106001900
http://www.sciencedirect.com/science/article/pii/S0168159106001900
http://www.sciencedirect.com/science/article/pii/S0168159106001900
http://www.sciencedirect.com/science/article/pii/S0377840101001973
http://www.sciencedirect.com/science/article/pii/S0377840101001973

A review: aggression concerns with group-housed sow well-being

43,

44,

45,

46.

47.

48.

49.

Terlouw EMC, Lawrence AB, Illius AW. Influences of feeding level and
physical restriction on development of stereotypies in sows. Anim Behav.
1991;42(6):981-991.

Terlouw EMC, Lawrence AB, Koolhaas JM, et al. Relationship between
feeding, stereotypies, and plasma glucose concentrations in food-
restricted and restrained sows. Physiol Behav. 1993;54(1):189-193.

Terlouw EC, Lawrence AB. Long-term effects of food allowance and
housing on development of stereotypies in pigs. Appl Anim Behav Sci.
1993;38(2):103-126.

Robert S, Rushen J, Farmer C. Both energy content and bulk of food
affect stereotypic behaviour, heart rate and feeding motivation of female
pigs. Appl Anim Behav Sci. 1997;54(2-3):161-171.

Guillemet R, Dourmad JY, Meunier-Salaiin MC. Feeding behavior
in primiparous lactating sows: Impact of a high-fiber diet during
pregnancy. J Anim Sci. 2006;84(9):2474-2481.

de Leeuw JA, Jongbloed AW, Verstegen MW. Dietary fiber stabilizes
blood glucose and insulin levels and reduces physical activity in sows
(Sus scrofa). J Nutr. 2004;134(2004):1481-1486.

Robert S, Matte JJ, Farmer C, et al. High-fibre diets for sows: effects
on stereotypies and adjunctive drinking. Appl Anim Behav Sci.
1993;37(4):297-309.

50.

51.

52.

53.

54.

55.

56.

Copyright:

©2016 Lopez etal. 323

Brouns F, Edwards SA, English PR. Effect of dietary fibre and feeding
system on activity and oral behaviour of group housed gilts. Appl Anim
Behav Sci. 1994;39(3—4):215-223.

McGlone JJ, Fullwood SD. Behavior, reproduction, and immunity of
crated pregnant gilts: effects of high dietary fiber and rearing environment.
J Anim Sci. 2001;79(6):1466-1474.

Holt JP, Johnston LJ, Baidoo SK, et al. Effects of a high-fiber diet and
frequent feeding on behavior, reproductive performance, and nutrient
digestibility in gestating sows. J Anim Sci. 2006;84(4):946-955.

Barnett JL, Hemsworth PH, Cronin GM, et al. Effects of pen size,
partial stalls and method of feeding on welfare-related behavioural and
physiological responses of group-housed pigs. Appl Anim Behav Sci.
1992;34(3):207-220.

Andersen IL, Boe KE, Bristiansen AL. The influence of different feeding
arrangements and food type on competition at feeding in pregnant sows.
Appl Anim Behav Sci. 1999;65(2):91-104.

Lopez M. The effects of high fiber diets and feeding partitions on the
well-being of group-kept sows. Urbana-Champaign, IL, USA: MS thesis,
University of Illinois; 2015.

Pacheco E. Assessing the well-being of gestating submissive sows in
group pens using multiple welfare metrics. Thesis: University of Illinois,
Urbana, IL, USA; 2015.

Citation: Lopez M, Salak-Johnson JL.A review: aggression concerns with group-housed sow well-being. | Dairy Vet Anim Res. 2016;4(3):319-323.

DOIl:

10.15406/jdvar.2016.04.00122


https://doi.org/10.15406/jdvar.2016.04.00122
http://www.sciencedirect.com/science/article/pii/S0003347205801514
http://www.sciencedirect.com/science/article/pii/S0003347205801514
http://www.sciencedirect.com/science/article/pii/S0003347205801514
https://www.ncbi.nlm.nih.gov/pubmed/8327602
https://www.ncbi.nlm.nih.gov/pubmed/8327602
https://www.ncbi.nlm.nih.gov/pubmed/8327602
http://www.sciencedirect.com/science/article/pii/0168159193900603
http://www.sciencedirect.com/science/article/pii/0168159193900603
http://www.sciencedirect.com/science/article/pii/0168159193900603
http://agris.fao.org/agris-search/search.do?recordID=US201302877397
http://agris.fao.org/agris-search/search.do?recordID=US201302877397
http://agris.fao.org/agris-search/search.do?recordID=US201302877397
https://www.ncbi.nlm.nih.gov/pubmed/16908652
https://www.ncbi.nlm.nih.gov/pubmed/16908652
https://www.ncbi.nlm.nih.gov/pubmed/16908652
https://www.ncbi.nlm.nih.gov/pubmed/15173415
https://www.ncbi.nlm.nih.gov/pubmed/15173415
https://www.ncbi.nlm.nih.gov/pubmed/15173415
http://www.sciencedirect.com/science/article/pii/016815919390119A
http://www.sciencedirect.com/science/article/pii/016815919390119A
http://www.sciencedirect.com/science/article/pii/016815919390119A
http://www.sciencedirect.com/science/article/pii/0168159194901570
http://www.sciencedirect.com/science/article/pii/0168159194901570
http://www.sciencedirect.com/science/article/pii/0168159194901570
https://www.ncbi.nlm.nih.gov/pubmed/11424683
https://www.ncbi.nlm.nih.gov/pubmed/11424683
https://www.ncbi.nlm.nih.gov/pubmed/11424683
https://www.ncbi.nlm.nih.gov/pubmed/16543573
https://www.ncbi.nlm.nih.gov/pubmed/16543573
https://www.ncbi.nlm.nih.gov/pubmed/16543573
http://www.sciencedirect.com/science/article/pii/S0168159105801169
http://www.sciencedirect.com/science/article/pii/S0168159105801169
http://www.sciencedirect.com/science/article/pii/S0168159105801169
http://www.sciencedirect.com/science/article/pii/S0168159105801169
http://www.appliedanimalbehaviour.com/article/S0168-1591(99)00058-1/abstract
http://www.appliedanimalbehaviour.com/article/S0168-1591(99)00058-1/abstract
http://www.appliedanimalbehaviour.com/article/S0168-1591(99)00058-1/abstract
https://www.ideals.illinois.edu/handle/2142/89130
https://www.ideals.illinois.edu/handle/2142/89130
https://www.ideals.illinois.edu/handle/2142/89130
https://www.ideals.illinois.edu/bitstream/handle/2142/90686/PACHECO-THESIS-2016.pdf?sequence=1
https://www.ideals.illinois.edu/bitstream/handle/2142/90686/PACHECO-THESIS-2016.pdf?sequence=1
https://www.ideals.illinois.edu/bitstream/handle/2142/90686/PACHECO-THESIS-2016.pdf?sequence=1

	Title
	Abstract
	Keywords
	Introduction 
	Stress and allostasis 
	Aggression welfare concern 
	Other housing components impact welfare 
	Managing aggression group-housing feeding strategies 

	Conclusion
	Acknowledgements
	Conflict of interest
	References

