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Abstract: Problem statement: In most countries of the world where there arediagion or guidelines
pertaining to the commercial farming of domesticirgy figures are quoted for minimum space
allocation for various ages and life stages of #mmals. These figures are generally based on
professional judgment and are in common usagethieué is a growing trend and an expectation that
regulatory decision making should be informed bydence based studieApproach: A literature
review was conducted on experiments involving malaifion of space inputs in pigs. Studies were
chosen that focussed on the effect of space omlatdrproduction parameters and well established
welfare measurefResults. Agonistic behavior and its resultant effects onfarel in group housed
systems is a key industry focus, yet, a failurejpantify the effects of space allocation per sa is
confounding variable in many studies looking inthist important aspect of husbandry.
Conclusion/Recommendations. Whilst it seems that some general conclusions banmade,
ascertaining figures for space allocation (espbrcialsows) remains problematic. This would appear
to be an area worthy of further research using-e@titrolled studies, taking into consideration the
increased size of the modern pig.

Key words: Remains problematic, group housed systems, comatefaiming, minimum space
allocation, confounding variable, resulting injury

INTRODUCTION Recommendations (legislated or advisory in
Codes) for space requirements in adult pigs are few
probably based on current practice and no doulgatef
the lack of scientific literature in this area. Wit
Australia recommendations range from 1.4-138per
pig (Cale, 1979). In the EU directive the floor are
available for group-housed gilts and sows must e a
well as the public's increasing interest in farming least 1.64 mand 2.25 rﬁrespect_wely, with an increase
industries, provides further reasons for concerthia of 10% of space aIIowanc_e being necessary for group
area. Space provided to animals is one easil;?f animals of less than six and a sm_nlar reductidn
recognizable aspect of husbandry systems that 80% when groups of 40 or more animals are housed
perceived by the public to imply that welfare ispo Council Directive 2001/88/EC, 2001. _
In the pig industry, this might include space pdd in Given the general trend towards group housing of
singly housed animals and whether it allowssows in most jurisdictions Council Directive
performance of normal behaviors, or that provided i 2001/88/EC, 2001; Model Code of Practice for the
group housed systems where agonistic interactiods a Welfare of Animals: Pigs, 1998, brought about bypsa
the resulting injury and psychological distress ma@e 0N the use of tethers and reduction in the allosted
likely to be a welfare concern. In relation to gwo housing duration for pregnant sows questions reati
housed animals and minimization of aggression theré0 management of group housed sows to optimize thei
are also likely to be complex interactions betwsgace welfare become all the more important. Thereford an
provided, group size, mixing strategies, resourcgightly so, this is an important area of currerde@rch
availability and social structure of the individsal focus within the pig industry. However, in order to
within the group. answer fully, complex questions relating to sucués
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Intensive housing of pigs developed to make
efficient use of available space without comprongsi
productivity parameters (Bogner, 1982) and thiscepa
might be seen as one of the limiting factors irtHer
growth in breeding productivity. In relation to aral
welfare, regard for the animal as a sentient beasy,
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as aggression management, enrichment, socialctivity (Bronson and Eleftheriou, 1963; Christian,
structures and pen design, a definitive answeroas t1955). This study also showed that some animals
whether space allocation does indeed have anyteffecwithdrew from social interaction and only the siest

on animal well-being and a characterization of ¢hes animals were able to reproduce (Myers cited in
effects is needed. Without such an evaluation tieeee ECVSC, 1997). Aggression is likely to be the key
risk that space allocation per se may confoundiesud causative factor for the severe consequences of
into these other important areas. In addition, sit i crowding on the above parameters (ECVSC, 1997).
generally acknowledged that the domestic swine have

become larger over the last few decades as a mafsult Production effects:

improved genetics and this may well have effectthen Grower/Finisher pigs: A large number of studies have
space allowance that the individual animal requiresbeen conducted in growing pigs to look at the eftedc
Whilst regulatory stipulations on space allowanageh  space on production parameters, such as averalye dai
gradually increased with further iterations of #es gain and daily food intake (Table 1 summarizes a
documents, it is often unclear as to the welfaier®®  humber of these).

base for these recommendations. As there becomes Many of these studies have varied group size to

mcreasc_ed megﬁa and DUb“C. Interest in-many an'ma&hange the space allocation per pig but nevertbeles
based industries, accompanied by this is a growin

expectation by the public and legislators alikeatth ghey give a good indication of effects that maysken

regulation of animal use is based on sound animgfu€ o “crowding”. A reduction in piglet performanc
welfare science. Given this backdrop, a reviewhef t has been shown in larger groups with reduced floor
literature around space allocation studies in pigs sPace (Hyuret al., 1998; Wolteret al., 2000). In a
conducted to ascertain current knowledge and, whereell controlled study in young grower finisher pigs
necessary to provide a rationale for further stididnis  reported by Gonyou and Stricklin (1998), crowding
review specifically examines the literature on $pac was demonstrated to decrease daily gains and food
allocation (defined as the surface area availabl@éch intake (though had no resultant effect on efficienc
individual) per se, in group housed pigs, with B0 Arranging pigs in groups of 8, 12 or 16 at a consta
its effectfon anillznal welfare an: p.rodductiviFy. V#iB  space allocation of 0.36 ¥pig resulted in slower
primary focus of attention in the industry is orogp : : :
housing of sows, in order to establish potentialease vv”elght_ gain than among groups with double space
ocation and the group size reduced to one-half

effects of changing space allocations, the body o ] . ]
literature on grower- finisher pigs were consideesd Gehlbachet al., 1966; Jensen and Curtis, 1976;

well as that related to the female pig. Moser et al., 1985; Pickettet al., 1969). Similarly in

It has been suggested that there are qualitativle a grower finisher pigs decreasing space allowance was
guantitative space requirements. Qualitative sgace shown to negatively affect weight gain (Street and
the space required for performance of normal d@tivi  Gonyou, 2008) and food conversion (Moseel., 1985).
such as feeding, exploring, carrying out socialavedr Jensen (1971) did not find any improvement in
or for animals to remove themselves from visualperformance by increasing the available space for
contact with others. This implies a need for eatimal 5 1ar pigs since 0.28-0.38rfUensenet al., 1966)

to have an area of empty space around it to avoi hilst, in another study a better growth rate w

continuous physical contact with others and to e a by | . 1 o (Randet
to defend this territory against invasion from PY increasing space allowance per pig (Randetp.,

conspecifics (ECVSC, 1997). The concept 0f1981). Brumm (1996) noted a similar response on
“crowding” has been introduced to describe movemenincreasing space allowance from 0.56-0.78/pig

or activity restriction caused by the physical pree of (however this change was brought about by varying
others (Fraser and Broom, 1990). The variablegroup size) (Brumm and Miller, 1996). In another
involved in this concept are number of animals,study separating out the density and group sizgs pi

stocking density, social space (determined by /@St \yere shown to have a better food intake, weight gai

between animals) and the space itself (Myers dited : -
ECVSC, 1997). A large number of studies on theand feed conversion efficiency when housed at the

consequences of crowding have been performed ilgwest density anq In the smallest group S|ze.(rHalt
laboratory rodents. Noted adverse effects include€ & 1961). Similar results were obtained by
decreased gonadal activity in males and a decline i(Brumm, 1996) and by (Spicer and Aherne, 1987) who
reproductive parameters in general, increased tinfamoted that weaned pigs had better growth and spent
mortality, an increase in aggressiveness, disraptib more time feeding when penned in groups of two
normal social behavior and an increase in adrenalather than in groups of four.

49



American J. Animal & Vet. i, 7 (2): 48-54, 2012

Table 1: Summary table of a number of studies coimgahe effects of space allocation on produgtipérameters

Age Space allocation Pigs/ Result with less
Reference of pig per pig @n pen Endpoints floor space
Randolphet al (1981) Grower-Finishers 0.33, 0.66 5, 10 (faclad@sign) Weight Gain Decreased
(Group size no effect)
Food Intake Decreased -not
statistically significant)
(Group size no effect)
Aggression Increased
Activity No Effect
Heitmanet al. (1961) Grower-Finishers 0.45,0.9,1.8 3,6,12 dheGain Decreased
(Factorial design) (Group size no effect)
Food Intake No Effect
(Increased
group size decreases)
Food Conversion Efficiency Increased
(Increased
group size decreases)
Brumm (1996) Barrows 0.65, 0.84, 1.02 12 WeighinGa Increased
Food intake No Effect
Beattieet al. (1996) Grower-Finisher 05,1.1,1.7,2.3 6 Bxatory behavior Decreased
Locomotor Activity Decreased
Weight gain Increased
Food Conversion Efficiency Increased
Younget al. (2008) Gilts 0.77,1.13 22,15 Growth Rate NeeEff
Back fat No Effect
(used to change the space Pigs Produced NotEffe
allowance per pig) Removal Rate No Effect
Age of puberty attainment Decreased numbaimetl
Puberty at younger age
Kuhlerset al. (1985) Gilts 0.63, 1.25 16, 8 Pigs per litter Besed
Pigsllitter born alive Decreased

(used to change space
allowance per pig )

Number of Corpora Lutea o Efféct
at day 30 gestation

Interestingly, for one experimental location, Brummwas studied by Ford and Teague (1978). A control

(1996) reported a quadratic (rather than linesspoese  space allocation of 0.37 nper pigs was used with an
to pig weight, daily gains and food intake with additional 0.09 madded for each additional 13.6 kg

increasing space allocation, with pigs with anincrease in body weight. Restricted space levete e

intermediate  space

allocation

having

the

best® and 50% of these values. This study found no

performance and those with the most space haviag trSignificant differences between average daily gaid
poorest performance. The authors suggested that thef€@d efficiency at 75% of the space allowance caign

may be a possible genetic or facility interactitmatt
might explain this. A plateau in increasing perfanoe
with increasing space allowance was also shown i
another study conducted. Improved weight gains and
feed conversion efficiency were shown in the fiBst
space allocation pens but not in the fourth pem,siz
indicating that space allowance beyond 1.7pig is

not beneficial (Beattiet al., 1996).

Sowsg/gilts: From the earlier discussion it can be see
that crowding has been shown to have a number
negative effects on production parameters in grgwin
pigs. In adult females, from an industry point ddw,

at 50% there was a decrease in these parametéraavit
associated change in feed consumption. Averageatge
Qestrus was not affected by crowding.

In a similar long term study looking at the effect
of space during rearing of gilts (from 38 kg body
weight) on growth and future reproductive paranseter
there was found to be no differences between
parameters such as growth rate, back fat thickaeds

loin depth at the two space allocations (1.13and

0.77nf per gilt). It also had no further effect on total
igs produced over 3 parities or on removal rate,
[though animals reared with the larger space atiioe

were more likely to attain puberty at a younger agé

consequently produced more pigs over the thredigmri

effects on reproduction parameters are of the moshan their counterparts. It should be noted thatsgrace

importance. This area is less studied in compangtim
the grower-finisher groups and determining optimumpumber

and

therefore

allowance in this study was varied by increasingugr
this adds an additional

space requirements for sows in groups remaingonfounding variable (Younget al. 2008). In

problematic due to the lack of published evidence.

contradiction to this, Kuhleret al. (1985) found that

The effect of space restriction on performance ingilts raised in pens with larger space allowanc@g%1

barrows and gilts and age of puberty attainmenfilis
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pigs per litter born alive than those with halfrasch  looked at different floor space allowances for iy
space. However, care should be taken insows in pens to determine the impacts of spaceowan s
interpretation of these results since space regnc performance, productivity and body lesions durinwg t
was again achieved by variation in the group sim a consecutive farrowing. Treatment groups of five sow
a relatively small number of animals were used inper pen were assigned to 1.4, 2.3, or 3.8ffloor
this study. space/sow. A comparison was also made between five
In a study by Anderseet al. (2000), insufficient sows in individual stalls with 1.34 svof space each.
space allowance in group housed systems for sows w#&esults generally showed that as floor space isecka
shown to lead to exclusions of low ranking indivatki  body weight and back fat increased, but as space
and thus cause them to have a greater heat loss. decreased, skin lesion scores (indicative of agjonis
kennelling system was used in this study and tfeetsf  jnteractions) increased. Although the effects of
of space per se were not evaluated. Heat loss @&y h gestation system were found and lesion scores were
consequent .effeg:ts on production although this mets greater as space decreased, differences in proitycti
reported on in this study (Anderserral., 2000). traits were unremarkable with respect to sow welfar
performance in comparison with industry norms.

: ; Similar to the study in growing pigs, linear and
Growers: Study by Beattieet al. (1995) showed that quadratic relationships were found in many of the

enriching the environment, by the addition of st Cparameters examined, suggesting a narrow range of
peat and providing four times the recommended spa &

allowance (Humik and Lewis, 1991) reduced behaviorsmrig(r::cgg?]cc?ft'sonjcgp::?;fnignﬂt;ﬂrgezr; hgfswars&gso
such as persistent nosing of penmates and tailgpiti P parity

growing pigs. There is also evidence that decr(gy;lsinp""rammers measured (.SOW mean body welg_ht, d-110
space allowance leads to increased agonistic hahayiP0dy weight, back fat, litter size and litter antglet
(Ewbank and Bryant, 1972; Meunier-Salaen al., P0dy weight and gain), with most effects in pagty3
1987). It has also been claimed that the incidesice @nd 4 sows. The authors concluded that no optimal
cannibalism and tail biting increases as spacevatice ~ SPpace allocation could be identified from the resul
decreases (Jensen, 1971; Randefpdi., 1981). A later  (Salak-Johnsoret al., 2007). In another study where
study teased apart the individual contribution pthpy  parity effects were considered it was stated that
space and enrichment in reducing abnormal behaviomultiparous sows need more space for suitablengsti
(Beattieet al., 1996). The results suggest that increase@ccommodation than primiparous ones ( a minimum of
space per se without enrichment, in comparison with.3 nf/sow versus 0.95 #fsow) (Tober 1996 cited in
enriched areas, increased harmful social behaviorECVSC, 1997).

(even with a maximal space allowance) and caused Another study looked at established groups of six

animals to_show less locomotory and exploratorypregnant, multiparous sows to compare four penssize
behavior. The authors concluded that enrlchmengroviding 2.0, 2.4, 3.6 or 4.8 imper sow. Video

played a greater role in determining behavior tdah recording was made to determine general behavidr an

space allocation. Al ) I . .
Several studies show a major decrease in resting®Cia! interactions. As space allowance increaset,

time correlated with large group size (Ewbank andSPent rooting increased whilst time spent sittimgl a
Bryant, 1972; Randolptet al., 1981; Ross and Curtis, standing inactive were both reduced. Also as space
1976). In an animal that spends a large amouritmef t  allowance decreased, frequency of social interastio
resting (Fraser and Broom, 1990) this may be oftind aggressive behavior both increased. Avoidance
concern for well-being. An increased frequency ofindex was also lower in the small pen (indicativehe
oesopho-gastnc lesions have also been found ithability of subordinate pigs to escape from agspes).
grzowmg pIgs housed_ at a lower space aIIo_vvanceB(O.Sln concurrence with the findings of Salak-Johnskin s
m? versus 1.1 f). Whilst these lesions are likely to be | . oO

lesion counts were higher in pigs in the small ped

of multi-factorial origin their presence is likelio velv d d . d |
induce pain and therefore have consequent negatifyOdressively decreased as space increased. Overa

effects on welfare and thus their exacerbation byhe results indicated that a minimum space of betwe
crowding is an issue for consideration within teepe 2.4 and 3.6 fper sow was necessary to promote good
of this review (Picketét al., 1969). welfare as measured by the behavioral indicatoes! us
(Wenget al., 1998).
Sows: Efforts to quantify space requirements to Use of physiological measures indicative of ailit
maximize performance and some aspects of gootb cope has been used by some research groupskio lo
welfare have been made in sows. Salak- Johnsoat effects of space on welfare. One study looketrae
51
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space allocations (1, 2 and 3)nn group housed gilts related parameters studied included agonistic hehav

(6 animals per group). Measures taken includedydlo skin lesion score and salivary cortisol. No diffeses
plasma corticosteroid concentration and reprodectivere observed for fighting activity or production;
parameters such as oestrus detection and mat®ighat powever mean number of injuries was lower in the
lower percentage of gilts were detected in oesancs larger pen size as were one- way aggressions noted

\(A(/)eersetr @%t:gc{%nt?aeteéogeggSggcfn da:lllggz(?/tl)or]” 9roUPS60n after grouping. These results suggest thaerund
u ' ' %) these management conditions a higher space all@vanc

also a significant increase in plasma corticosteroi :
concentration in the groups housed at’lmThese would promote better welfare (Remience, 2008)

results suggest that a chronic stress responsapied CONCLUSION
by the elevated corticosteroid concentrations @& th
lower space allowance may have an effect on A number of general conclusions can be drawn
reproductive measures (Hemswortt al., 1986). from the body of data on space allowance effects on
Similarly, post-pubertal gilts housed in large greu welfare and productivity in both adult pigs andwgews.
causing a reduction of space allowance to less@@n In summary, increased space is likely to reduce
m/gilt showed an increase of undetected oestrus fromggressive interactions and total skin lesion seore
3.8-8.0% (Cronin et al., 1983). The study of decrease physiological indicators of stress sucteas
Hemsworthet al. (1986) gives us an indication that an plasma cortisol concentrations. In terms of pig
optimal housing density for gilts may lie somewhereproductivity, in general, performance appears to be
between 1 and 2 fallocations per pig. reduced in conditions of “crowding” although theme
In a study with a differing purpose, of determmin some conflicting results in this area of study. fEhis
the effect of stress during mid -gestation onalso fairly convincing evidence from a number of
hypothalamic pituitary axis parameters and producti studies on the effect of increased space in gits o
the effects of crowding (space allocation of lesant  improving oestrus detection rates.
0.9nf per animal) and applied heat were evaluated. This ~ Whilst a number of studies have attempted to
study produced counterintuitive results in that mea quantify space requirements for sows in terms of
glucocorticoid concentration were lower in stressedoptimizing welfare and productivity, comparison
animals compared to controls. This was hypothediaed between studies to suggest a suitable figure is
be either due to an increased metabolic clearateanm  problematic due to variations in group sizes used a
stress, or a decrease in adrenal production witlmanagement factors such as feeding. In additionhmuc
physiological adaptation (Katteshal., 1980). of this study is reported in older literature armdeg the
Barnett used space allocations of 1.97 or 098mincreased size of the modern pig, may not hold true
per sow in groups of four pregnant gilts and aszkss today. There have also been few attempts to asterta
welfare parameters, including skin lesions, behavio whether and to what extent parity may have an effac
changes, free cortisol and cell mediated immunityspace allowance. This it appears is an avenuesftrer
following injection of a mitogen. Free cortisol was research in well controlled studies and resultsnftbis
higher and cell mediated immunity lower in the deral Wil form a good basis for later studies lookingther
pens. Aggressive interactions were looked at for90 into group sizes and aggression minimizing stragi
following grouping of unfamiliar pigs and interexgly
agonistic encounters were fewer in pens with smalle REFERENCES
space allowance. Lesion numbers were unchangeflhgersen, I.L.. K.E. Boe and K. Hove, 2000.
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