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Executive Summary

e Thisreview was commissioned to examine and summarise the scientific evidence
regarding the use of farrowing crates to house lactating sows and piglets from an

animal welfare perspective.

e Animal welfare reasons for the use of farrowing crates are:

0 To reduce the number of piglets that are killed by crushing, treading
on, or over-lying by the sow.

0 To provide a separate, warm environment for piglets (in the form of a
heated creep areq), which aids in reducing piglet mortality from causes
such as hypothermia and starvation, whilst also maintaining the sow at
atemperature that is within her comfort range.

0 To reduce stress on the lactating sow by providing adequate feeding
according to her individual requirements, which in turn helps ensure
that she produces sufficient milk to feed her piglets.

0 To reduce the amount of disturbance, competition and fighting
between the sows for feed and for nest sites, which can be features of
some group farrowing systems.

0 To reduce the disturbance and fighting between piglets from different
litters in early lactation, which can otherwise occur in group farrowing
systems.

0 Any health problems and diseases in the sow or litter are more easily
detected and treated.

e There are also important practical management and economic reasons why
farrowing crates, with their associated creep area for the piglets, are used to house
sows during birth and lactation. These include:

0 Protection of the stockperson from injuries that otherwise may be
inflicted by aggressive sows when handling their piglets for routine
management and health care procedures.

o Improved utilisation of labour, feed and building space.
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o0 Minimising the loss of income that would otherwise occur through

preventable piglet mortalities.

e Thereisawealth of scientific evidence that supports the use of farrowing cratesin

commercia production.

e Farrowing crates are widely used in commercia pork production throughout the
world, including both in Australia and Canada, which are the source of the

majority of pig meat importsinto New Zealand.
e Based on the above evidence and reasoning, the New Zealand pork industry

clearly sees the need to retain the option for producers to use sow farrowing crates

throughout |actation up until weaning occurs, in each reproductive cycle.
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I ntroduction

Farrowing crates were introduced in the 1960’s, primarily to reduce the problem of high pigle
mortality. They achieve this by restricting sow movement sufficiently so that piglets have th
opportunity to get out of her way when she stands up or lies down (McGlone, 1992; Cronir
1998). While this restriction of the sow’s movement undoubtedly confers welfare benefits to th
piglets, it is seen by some as being at the expense of the welfare of the sow. These concerns hav
become more apparent in recent years, and have been one of the drivers behind the devel opmen
of some dternative farrowing systems. Although similar results have been achieved betwes
some of these alternatives and traditional farrowing crates (primarily under experimente
conditions), in commercia farming situations worldwide the farrowing crate is still the mos
common form of housing for sows during farrowing and lactation, along with their suckling
piglets. The New Zealand pork industry is no different in this regard, and wishes to retain th
option of using farrowing crates for up to six weeks in each reproductive cycle.

This review therefore examines the current industry usage of farrowing crates in New Zealanc
and overseas, welfare issues for both piglets and sows in relation to the use of farrowing crates
and the related management and economic considerations associated with using them as part of -

modern pork production system.
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Current Industry Practice

Sows are often moved from ‘dry sow’ to ‘farrowing’ accommodation three to seven days befor
the expected farrowing (birth) date, and are usualy kept there throughout lactation until th
piglets are weaned. Weaning times differ between farms, and so too, therefore, does the time tha

sows and piglets spend in the farrowing accommodation.

The time that sows spend in farrowing accommodation before they go into labour isto allow fo
an important “settling in” period before their piglets are born. The sow's natural behaviour at thi
time involves nest-making at their selected birth site. Once she has given birth, the sow will no
generally move far from her birth site and prefers to live a relatively sedentary life during th
period of early lactation. During this period her natura instinct is to be readily available to he
piglets to provide warmth, nutrition, and in the wild, protection from predators (Curtis, 1995
Marchant, 1997). Hence, confinement of the sow during this period is consistent with natura

behaviours.

There are numerous farrowing systems used, but there has been a strong worldwide trend t
individually house the sow in a crate during the farrowing and lactation period (Baxter, 1984
Phillips and Fraser, 1993). The area available for each sow in these farrowing systems i
approximately 2.1-2.4 metres long by 0.6 metres wide. A variety of flooring material is usec
which is often partially slatted or meshed at the rear of the crate to allow for manure to fa
through into a separate collection area, which is regularly flushed with water. A drinker anc
feeding trough are located at the front of the crate, with sows commonly being fed a diet of we
or dry feed two or three times a day. There is a separate area to either side of the sow (usually
0.3-0.45 metres wide on one side, and 0.6-0.75 metres wide on the other) into which the piglet
can escape when the sow is standing up or lying down. In the larger of these two aress, there i
normally a specia ‘creep’ area for the piglets, which is provided with supplementary heat (via
hanging lamp or heat pad) and enclosed, in order to maintain the higher temperatures (at leas
30°C) necessary for piglet welfare (Borell et al., 1997).

Alternatives to the traditional farrowing crate systems include individual open pens an

communal enclosures with provision for individual farrowing areas (multi-suckling groups)
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Outdoor systems are also used in some areas of the country where the appropriate environmente
conditions prevail, in which sows are housed either individually or in groups in paddocks, witl
the provision of individual arks or hutsin which they can farrow. In multi-suckling groups and i
outdoor systems where sows are kept in groups, the piglets are often confined to the farrowin
enclosure or hut for the first few days after birth, after which they begin to mix with piglets o

other litters.

Although some use is made of these dternative farrowing systems, a recent survey of sov
accommodation used in New Zealand reported that 76 percent of the then estimated 46,000 sow
farrowed in crates, and 68 percent were housed in crates until weaning (Gregory and Devine
1999). By comparison, 95 percent of Australia s 300,000 sows are assumed to farrow in crate
(Barnett et al., 2001). Hendriks et al. (1998) reported that 92 percent of the 3.1 million sowsi it
14 European countries were housed in farrowing crates during lactation. Similarly, Chamber:
(2001, pers. comm.) reported that approximately 99 percent of sows are housed in crate
throughout lactation in Canada.

These survey results indicate that there is a significant investment in farrowing crates throughou
the New Zealand pork industry, but that their use is comparatively less than in overseas countrie

such as Australia and Canada, which are the major source of pig meat importsinto New Zealand.

Implications of using farrowing crates on welfar e of piglets

The primary reason for the use of farrowing crates is to reduce piglet mortality. Survey report
indicate that 12-30 percent of piglets born alive die before weaning (English and Morrison
1984). In nearly al survey work carried out in different countries, 50 percent of pre-weanin
deaths occurred within the first three days after parturition and 90 percent of deaths occurre
within the first week of life (Varley, 1995; Edwards and Fraser, 1997). Overlaying appears to b
the biggest cause of piglet death, with 56 percent of liveborn piglets being crushed or stood or
by the sow during the first three days of life (Svendsen et al., 1986; Fraser et al., 1995; Weary €
al., 1998).
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The effectiveness of farrowing crates in reducing piglet mortality compared to open pen system:
is borne out by the results of comparison surveys. These have generaly shown greater pigle
survival where crates are used. Edwards and Fraser (1997) summarised much of the literatur
from the previous 30 years and reported wide variation in piglet losses between different survey:
(Table 1).

Table 1. Comparison of piglet mortality levelsin farrowing systems with crates and open pens.

Source No. of litters % mortality

Crates Pens
Robertson et al. (1966) 150 18.7 26.6
Devilat et al. (1971) 46 10.2 135
Glastonbury (1976) 614 15.9 31.3
Nielsen (1980)° >2000 55 84
Aherne (1982) 21 12.7 34.6
Svensden et al. (1986) ° 702 44 6.5
McGlone and Morrow-Tesch (1990) 40 10.8 271
Grissom et al. (1990) 162 6.3 135
Cronin and Smith (19923) 64 105 16.5
Blackshaw et al. (1994) 16 14.0 32.0

9 crushed

Based on the data of Edwards and Fraser (1997), the average piglet mortality for litters in crate
was 10.9 percent compared to 21 percent for open pens. Similar piglet mortality result:
favouring use of crates have also been reported by Kunz and Ernst (1987), McGlone (1992)
Vermeer et al. (1993), Thornton (1996), Weber (1997), Weary et al. (1998), and Bradshaw an
Broom (1999). The results of these studies suggest that a narrow farrowing crate is the bes
protection for piglets. Blackshaw et al. (1994) observed that sows in farrowing crates were les
than half as active as those in farrowing pens, giving less opportunity for piglets to be crushed
kicked, or rolled on. Additionally, the same authors found that suckling activity was significantly
greater for the piglets of sows in the farrowing crate than those housed in the pen system, witl
the crate environment providing for stable suckling activity durations throughout all the periods
whereas in the farrowing pen the durations fluctuated.

Similar results to those presented above have been observed from several studies comparing

percentage mortality of liveborn pigs in farrowing systems with crates versus multi-suckling
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group farrowing systems, with higher piglet surviva rates found in farrowing crates (Rudd et al.
1993; Boe, 1994; Kavanagh, 1995; Cronin et al., 1996; PIC, 1996; Higgins and Edwards, 1996
Marchant, 1997). A recent Australian study has reported pre-weaning mortality of 22.8 percen
in eco-shelters™ with group farrowing areas (Payne, 1999).

The main problems encountered in multi-suckling farrowing systems are with pigs not choosin
to farrow in one of the nests or huts provided, or choosing to share the same nest or hut a
another sow or gilt. This increases the risk of chilling, starvation and crushing of piglets (Gado
1991; O’'Keefe, 1998).

Another potential problem for pigletsin multi-suckling lactation systems is cross-suckling, wher
dominant piglets from each litter move from sow to sow within the communal enclosure, getting
a feed from each one. Newly grouped litters may experience mgjor disruption of suckling, witl
an increased frequency of unsuccessful suckling, a high degree of cross-suckling, and a
increased number of piglets at the udder of individua sows during any suckling attemp
(Wattanakul et al., 1997). This may cause a dramatic decrease of piglet growth rate, unever
growth rates, and an increase in mortality during the first few days after grouping, particularly i

litters with a high average litter size (Marchant, 1997).

The surveys and studies listed above provide evidence that the use of farrowing crates can b
beneficial by significantly reducing piglet mortality. A return to the conventional open pens o
the past would result in more piglet deaths, lower economic returns, and lower overall well-bein
(especialy for crushed piglets) (McGlone and Morrow-Tesch, 1990). Marchant (1997
concludes that piglet mortality is a welfare issue and it is not justifiable to improve the welfare o

the sow if it results in an increase in the number of piglets killed before weaning.

! “Eco-shelters’ are atype of low-cost building, which usually house animals on alitter of straw or sawdust.
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Implications of using farrowing crates on welfar e of sows

When evaluating the well-being of sows and piglets, it has to be recognised that physical
thermal, physiological, behavioura and socia needs of sows and piglets are diverse. Thei
requirements are different to such an extent, that it has been suggested that it may be impossibl
to develop a housing system that maximises the welfare of sows and piglets simultaneoud
(Borrell et al., 1997). For example, the extra space provided for sows in pen or group farrowin
systems compared with crates may prove detrimenta to piglet welfare: (i) if the sow does nc
farrow in the preferred location in the pen containing features to promote piglet survival
exposing them to increased risk from overlay and chilling (Edwards and Fraser, 1997), or (ii) th
sow abandons the farrowing site or litter (Marchant, 1997), subjecting the piglets to starvation
chilling, disturbance from other sows, and illness from lack of colostrum intake. Consequently,
compromise must be struck between the degree of permissible freedom of movement and sov
clumsiness to avoid crushing and chilling piglets (McGlone and Blecha, 1987). Commol
farrowing systems attempt to achieve this by having two micro-environments - one each for sow:

and piglets.

The balance of this compromise is a contentious issue, with criticisms of the farrowing crat
generaly focussing on sow welfare rather than piglet welfare. Some of the issues important fo
sow welfare in farrowing/lactation accommodation are: (i) the degree of physical confinemen
imposed on a sow; (ii) the need for bedding/nesting material for sows in the pre-farrowin
period; (iii) the duration of confinement; (iv) restricted social contact of individually housed sow:
(Barnett et al., 2001).

There have been a number of studies undertaken examining the extent to which these welfar
concerns are justified. Several experiments have been conducted to measure the stress respons
(through measurement of cortisol?) of sows housed in crates without straw and in straw-bedde
pens around parturition and during lactation (Cronin et al., 1991; Lawrence et al., 1994
Lawrence et al., 1997; Jarvis et al., 1998; McLean at al., 1998). There was no evidence o

chronic stress responses on the day of the actua delivery, on the day following parturition, o

2 The hypothalamic-pituitary-adrenal (HPA) axis stimulated by stress responds by elevation of plasma cortisol.
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during the first three weeks of lactation. Lawrence et al. (1997) note that it is difficult t
determine the welfare consequences of an acute stress response found in gilts around parturition
since parturition per seis associated with an increase in cortisol concentrations perhaps indicativ
of the unavoidable stress of giving birth. In a study by Biensen et al. (1996), it was found the
similar periparturient behaviours were displayed by sows regardless of the farrowin
environment. They found that cortisol concentrations decreased progressively during lactatiol

and were not associated with litter weight gains or the interval between weaning and first oestrus

In terms of the degree of physical confinement imposed on sows housed in farrowing crates, «
study by Harris and Gonyou (1998) showed that increasing the available space and width of th
farrowing crate did not facilitate postural changes or maternal responses in gilts. Increases in thy
size of farrowing creates also had no effect on duration of farrowing or incidence of tillbirth
(Parry, 1986; McGlone and Blecha, 1987; Fraser et al., 1988; Curtis et al., 1989; Rohde Parfet €
al., 1989; Fraser et al., 1997). Similarly, the results of a study conducted by Blackshaw et al
(1994) indicated that providing more freedom for the sow to move, did not necessarily ensur:
good welfare for the whole sow-piglet system. Likewise, Gilbert et al. (1997) found the
parturition was not interrupted following space restriction of gilts. It was suggested that reducin
maternal space allowance during parturition is not stressful when the process does not involve th
movement of animals to novel surroundings. In agreement with the above, McGlone and Blech:
(1987) found that sows returning to a familiar standard crate were less frustrated compared t
sows moved to an unfamiliar aternative farrowing system. The same authors found the
experienced sows showed higher levels of ora-manipulative behaviours, such as stereotypic ba
biting and fence chewing, when placed in the pen environment than did gilts or sows placed it

the standard farrowing crate.

In relation to the perceived need for bedding/nesting material, Edwards and Furniss (1988) are o
the opinion that implied welfare risk for sows and piglets as a consequence of reduce
opportunity for nest-building in a farrowing crate has not been demonstrated. Lending weight t
this view is the data of Hutson (1988) and Arey (1992), which showed that sows were no
prepared to work in order to gain access to straw in a box, and food appeared to be mor

important than straw to sows during the pre-parturition period. Also negating from the perceive
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beneficia effects of straw is the fact that there are known problems with hygiene, disease, an
effluent disposal associated with its usein aternative farrowing systems (Barnett et al., 2001).

One of the advantages of using farrowing crates is the ability to feed lactating sows to thei
individual requirements during a time of high nutrient demand. The amount of feed requirex
during lactation is much higher than during other production periods and varies significantl
between sows. Farrowing crates allow feed intake of each individual sow to be maximised
permit each sow to eat in peace and quiet; and eliminate aggression which is common aroun
feeding in pens of group-housed farrowing sows (Svendsen and Svendsen, 1997). Thi
dimination of this aggression between group housed sows is particularly important during th
crucial period of pre-parturition and lactation, because of the possible occurrence of injuries botl
to sows and piglets during physical contact, and the stress that can arise from low socia rank an
unresolved interactions (Vessuer et al., 1994). Sows in semi-natural conditions isolate themselve
before farrowing (Jensen, 1986), and when penned together, they show increased aggressiot
towards other animals (Arey at al., 1992; Svendsen and Svendsen, 1997).

From the above studies it can be seen that the common criticisms of farrowing crates in relatior
to the welfare of sows are not necessarily supported by scientific evidence. The above studie
found no evidence of any significant increase in stress responses of lactating sows housed it
farrowing crates, emphasised the benefits of using farrowing crates to maximise feed intakes anc
eliminate aggression among sows, and suggested that providing extra space for sows does nc

necessarily ensure good welfare for the whol e sow-piglet system.

I mplications of using farrowing crates on management

Modern farrowing crate designs permit improved management and safe working access to thi
piglets, automation of manure removal, improved hygiene, and better protection for th
stockperson from any aggression that may be displayed by the sow when handling piglets t
carry out routine management procedures (Curtis, 1995; Cronin, 1998). A major drawback witl
dternative farrowing systems is difficulty of management. Without any way of restraining th
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sow or shutting the sow away from her piglets, carrying out routine husbandry and health car
procedures can be difficult and dangerous for the stockperson (Marchant, 1997).

One of the important factors affecting the welfare of pigs is the stockperson-animal relationshir
Research has shown that these relationships can directly affect the productivity and welfare o
farm animals (Hemsworth and Coleman, 1998). The routine use of the modern farrowing crat:
systems can help to facilitate these good relationships through attracting and retaining higl
quality staff, and alowing for positive interactions between these staff and animals (such a
patting, stroking and talking to stock).

Alternative farrowing systems require greater stock management skills than more confine
systems. The use of alternative systems by commercia farmers, without an understanding of pi
behaviour, has led to problems of poor pen hygiene, farrowing in inappropriate locations, an
increased piglet mortality (Edwards and Fraser, 1997; Marchant, 1997). Whilst systems ca
perform well under development on an experimental unit with high levels of technical staff input
very disappointing results are often obtained under commercia conditions. Some of thes
aternative systems might be unsuitable on units where stockpersons are uncomfortable working
around less restrained sows (English, 1993). Thus, no single technology or production system i
likely to suit, or be appropriate for, al users.

Peet (1991) concluded that guidelines or regulations on management are likely to be mors
effective than prohibiting or controlling housing methods.

Economic considerations for use of farrowing crates

When considering introducing alternative farrowing systems into the intensive pig productior
system, such considerations cannot be divorced from production economics and their effect ol
the reduction of output, increase of capital and running costs, higher management input an
increased manual labour for cleaning, and subsequent reduction of net margin (Peet, 1991
Edwards and Fraser, 1996 and 1997).
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In terms of capita costs, aimost al intensive indoor pig production enterprises have farrowin
crates that cannot easily be removed and replaced with aternatives that have different spatic
requirements and dimensions. The use of modern farrowing and piglet management systems ha
alowed for the efficient utilisation of building space. Moving back to alternative housing
systems involving farrowing pens would double the building space required to house sows an

their piglets and would result in significant increases in capital expenses (Barnett et al., 2001).

Conclusions

This review has summarised the implications of using farrowing crates on piglet and sov
welfare, farm management, and economics. The reviewed scientific evidence supports the use o
farrowing crates in commercia production. The evidence clearly shows the modern farrowin
crate and its associated creep space for piglets is the best system yet devised for minimising
piglet deaths and providing all round ease of management. The practice of using farrowing crate
is very common throughout the world, including both Australia and Canada, which are the sourc:
of the majority of pig meat imports into New Zealand. Piglet mortality in many aternativ
farrowing systems exceeds the industry average of 10—13 percent for farrowing crates and need
to be consistently equivalent to levels achieved for farrowing crates, for these alternative system:

to be considered viable and thus recommended.

Use of Farrowing Crates During Farrowing and Lactation 10



New Zealand Pork Industry Board September 2001

References

Aherne, F.X. (1982). Some management practices affecting the survival and growth rate o
sucking pigs. Annual Feeders Day Report, Department of Animal Science, University of Alberte
Edmonton, Canada, 61: 78-79.

Arey, D.S. (1992). Straw and food as reinforcers for prepartal sows. Applied Animal Behaviou
Science, 33: 217-226.

Arey, D.S., Petchey, A.M., Fowler, V.R. (1992). The peri-parturient behaviour of sows housed it
pairs. Applied Animal Behaviour Science, 34: 49-50.

Barnett, J.L., Hemsworth, P.H., Cronin, G.M., Jongman, E.C., Hutson, G.D. (2001). A review 0
the welfare issues for sows and piglets in relation to housing. Australian Journal of Agricultura
Research, 52: 1-28.

Baxter, S.H. (1984). Intensive pig production: environmental management and design. Granad:
Publishing, London, UK.

Biensen, N. J,, Bordll, E. H., von. Ford, S. P. (1996). Effects of space allocation and temperatur
on periparturient maternal behaviours, steroid concentrations, and piglet growth rates. Journal ¢
Animal Science, 74: 11, 2641-2648.

Blackshaw, J. K., Blackshaw, A. W., Thomas, F. J., Newman, F. W. (1994). Comparison o
behaviour patterns of sows and litters in a farrowing crate and a farrowing pen. Applied Anima
Behaviour Science, 39: 281-295.

Boe, K. (1994). Variation in maternal behaviour and production of sows in integrated loos
housing systemsin Norway. Applied Animal Behaviour Science, 41: 53-62.

Borell, E. von, Broom, D.M., Csermely, D., Dijkhuizen, A.A., Edwards, S.A., Jensen, P., Madec
F., Stamataris, C. (1997). The welfare of intensively kept pigs. Report of the Scientific Veterinar

Use of Farrowing Crates During Farrowing and Lactation 1



New Zealand Pork Industry Board September 2001

Committee, Doc XXIV/B3/ScVC/0005/1997. Commission of the European Community
Brussels.

Bradshaw, R. H., Broom, D. M. (1999). A comparison of the behaviour and performance of sow:
and pigletsin crates and oval pens. Animal Science, 69: 2, 327-333.

Chambers (2001), personal communication

Cronin, G.M. (1998). The Werribee farrowing pen —a“loose” farrowing alternative.

www.animal-welfare.org.au/farrow_pen/werribee_pensl.html

Cronin, G.M., Smith, JA. (19924). Effects of accommodation type and straw bedding aroun
parturition and during lactation on the behaviour of primiparous sows and survival and growth o
piglets to weaning. Applied Animal Behaviour Science, 33: 191-208.

Cronin, G.M., Simpson, G.J., Hemsworth, P.H. (1996) The effects of the gestation and farrowin
environments on sow and piglet behaviour and piglet surviva and growth in early lactatior
Applied Animal Behaviour Science, 46: 175-192.

Cronin, G.M., Barnett, JL., Hodge, F.M., Smith, JA., McCalum, T.H. (1991) The welfare o
pigs in two farrowing/lactation environments: cortisol responses of sows. Applied Anima
Behaviour Science, 32: 117-127.

Curtis, S.E. (1995). The physical environment and mortality. In: Varley, M.A. (Ed.) Th
Neonatal Pig - Development and Survival, CAB International, Wallingford, UK, 269-285.

Curtis, S.E., Hurst, R.J., Widowski, T.M., Shanks, R.D., Aldon, H.J., Gonyou, H.W., Bane, D.P.

Muehling, A.J., Kesler, R.P. (1989). Effects of sow-crate design on health and performance o
sows and piglets. Journal of Animal Science, 67: 80-93.

Use of Farrowing Crates During Farrowing and Lactation 1



New Zealand Pork Industry Board September 2001

Devilat, J.B., Camps, J.R., Skoknic, A. (1971). Farrowing crate and conventional pen for sows
(Abstract). Journal of Animal Science, 33: 208.

Edwards, S.A., Fraser, D. (1996). Options for housing the sow and litter. Journal of Anima
Science, 62: 634-635.

Edwards, S.A., Fraser, D. (1997). Housing systems for farrowing and lactation. The Pig Journa
(Proceedings Section), 39: 77-89.

Edwards, S.A., Furniss, S.J. (1988). The effectsif straw in crated farrowing systems on periparta
behaviour of sows and piglets. British Veterinary Journal, 144: 139-146.

English, P.R. (1993). A review of farrowing facilities in relation to the needs of the sow and he
piglets and the aspirations of the caring person. Pig Veterinary Journal, 31: 124-142.

English, P.R., Morrison, V. (1984). Causes and prevention of piglet mortality. Pig News an
Information, 5: 369-376.

Fraser, D., Phillips, P.A., Thompson, B.K. (1988). Initial test of a farrowing crate with inward
sloping sides. Livestock Production Science, 20: 249-256.

Fraser, D., Phillips, P.A., Thompson, B.K. (1997). Farrowing behaviour and stillbirth in tw
environments: an evaluation of the restraint-stillbirth hypothesis. Applied Animal Behaviou
Science, 55: 51-66.

Fraser, D., Phillips, P.A., Thompson, B.K., Pgjor, E.A., Weary, D.M., Braithwaite, L.A. (1995)
Behavioura aspects of piglet survival and growth. In: Varley, M.A. (Ed.) The Neonata Pig

Development and Survival, CAB International, Wallingford, UK, 287-312.

Gadd, J. (1991). Sow nest boxes: an old idea brought up to date. The Pig Farmer, 25 (April), 12
15.

Use of Farrowing Crates During Farrowing and Lactation 1!



New Zealand Pork Industry Board September 2001

Gilbert, C. L., Boulton, M. I., Fordling, M. L., Goode, J. A., McGrath, T. J. (1997). Restrictin
maternal space during parturition in the pig. Effects on oxytocin, vasopressin and cortiso
secretion following vagino-cervica stimulation and administration of naloxone. Anima
Reproduction Science, 46: 245-259.

Glastonbury, JR.W. (1976). A survey of preweaning mortality in the pig. Australian Veterinar
Journal, 52: 272-276.

Gregory, N.G., Devine, C.D. (1999). Survey of sow accommodation systems used in Nev
Zealand. New Zealand Journal of Agricultural Research, 42: 187-194.

Grissom, K.K., Friend, T.H., Dellmeier, G.R., Knabe, D.A., Dahm, P.F. (1990). Journal ©
Animal Science, 68, Suppl. 1: 253.

Harris, M. J. Gonyou, H. W. (1998). Increasing available space in a farrowing crate does no
facilitate postural changes or maternal responses in gilts. Applied Animal Behaviour Science, 59
4, 285-296.

Hemsworth, P.H. and Coleman, G.J. (1998). Human-livestock interactions. The stockperson an
the productivity and welfare of intensively farmed animals. CAB International, Oxon, Unite
Kingdom.

Hendriks, H.J.M., Pedersen, B.K., Vermeer, H.M., Wittman, M. (1998). Pig housing systems it

Europe: current distributions and trends. Pig News and Information, 19: 97N-104N.

Higgins, M., Edwards, S.A., (1996). The effects on welfare and production of using individual o
group paddocks for farrowing sows and litters in an outdoor system. In: Sorensen J.T. (Ed.) Mor
than food production. Proceedings of the 4th International Livestock Farming Systems. 22-2
August, Wageningen Periodicals, Wageningen, The Netherlands, 273-276.

Hutson, G.D. (1988). Do sows need straw for nest building ? Australian Journal of Experimenta
Agriculture, 28: 187-194.

Use of Farrowing Crates During Farrowing and Lactation 14



New Zealand Pork Industry Board September 2001

Jarvis, S., Lawrence, A. B., McLean, K. A., Chirnside, J,, Deans, L. A., Cavert, S. K. (1998)
The effect of environment on plasma cortisol and beta-endorphin in the parturient pig and th
involvement of endogenous opioids. Animal Reproduction Science, 52: 2, 139-151.

Jensen, P. (1986). Observations on the materna behaviour of free-ranging domestic pigs. Applie
Animal Behaviour Science, 16: 131-142.

Kavanagh, N.T. (1995). A comparison between free-access farrowing nests and farrowing crates
on a500-sow unit. Pig Journal, 35: 10-19.

Kunz, H. J, Ernst, E. (1987). Causes of mortdity in piglets. [Origina title in Germa
Abgangsursachen bei Ferkeln]. Zuchtungskunde, 59: 2, 135-145.

Lawrence, A.B., McLean, K.A., Jarvis, S., Gilbert, C.L., Petherick, J.C. (1997). Stress an
parturition in the pig. Reproduction of Domestic Animals, 32: 231-236.

Lawrence, A. B., Petherick, J. C,. McLean, K. A., Deans, L.A., Chirnside, J. Vaughan, A.
Clutton, E., Terlouw, E.M.C. (1994). The effect of environment on behaviour, plasma cortisc
and prolactin in parturient sows. Applied Animal Behaviour Science, 39: 313-330.

Marchant, J. (1997). Alternative farrowing systems. International Pig Topics, 12: 4, 13-17.

McGlone, J.J. (1992). Pig behaviour research in the United States. Pig News and Information, 13
2, 7AN-73N.

McGlone, J.J., Blecha, F. (1987). An examination of behavioural, immunologica and productiv
traits in four management systems for sows and piglets. Applied Animal Behaviour Science, 18
269-286.

McGlone, J.J., Morrow-Tesch, J. (1990). Productivity and behaviour of sows in level vs slope

farrowing pens and crates. Journal of Animal Science, 68: 82-87.

Use of Farrowing Crates During Farrowing and Lactation 1



New Zealand Pork Industry Board September 2001

McLean, K. A. Lawrence, A. B. Petherick, J. C. Deans, L. Chirnside, J. Vaughan, A. Nielsen, B
L. Webb, R. (1998). Investigation of the relationship between farrowing environment, sex steroit
concentrations and maternal aggression in gilts. Animal Reproduction Science, 50: 95-109.

Nielsen, N.C. (1980). Disease monitoring and diagnostic procedures in pig production as an ait
in reducing piglet mortality and morbidity. Proceedings Annual Meeting of the America
Association of Swine Practitioners.

O'Keefe, H. (1998). Hut-hopping (desertion of litter) by post-parturient sows in an outdoor pif
unit. Honours Project Report, Institute of Food and Land Resources, University of Melbourne

Victoria, Austraia

Parry, M. A. (1986). The effect of confinement on behaviour and reproductive performance in thy
sow. Agricultural Progress, 61: 46-54.

Payne, H.G. (1999). Low-cost, straw-based group housing systems for sows in pregnancy
farrowing and lactation. Progress Report to Pig Research and Development Corporation

Canberra, A.C.T., Austraia

Pest, B. (1991) Welfare issues — a question of balance. PIGS-Misset, September/October: 13 an
15.

Phillips, P.A., Fraser, D. (1993). Developments in farrowing housing for sows and litters. Pit
News and Information, 14: 51N-55N.

PIC (1996). Pig Yearbook. Pig Improvement Company Ltd., Abingdon, UK.

Robertson, JB., Laird, R., Hal, K.S., Forsyth, R.J., Thomson, JM., Walker-Love, J. (1966). £

comparison of two indoor farrowing systems for sows. Animal Production, 8: 171-178.

Use of Farrowing Crates During Farrowing and Lactation 16



New Zealand Pork Industry Board September 2001

Rohde Parfet, K.A., Gonyou, H.W., Stanley, E. C., Hurst, R. J,, Aldon, H.J., Muehling, A.J
(1989). Effects of sow-create design on sow and piglet behaviour. Journal of Animal Science, 67
94-104.

Rudd, A.R., Simmins, P.H., Mendl, M.T., Makin, S. (1993). Production comparisons betweer
farrowing crates and community farrowing systems. Proceedings Winter Meeting BSAP: 223.

Svendsen, J.,, Svendsen, L.S. (1997). Intensive (commercial) systems for breeding sows an
piglets to weaning. Livestock Production Science, 49: 165-179.

Svendsen, J., Bengtsson, A-C., Svendsen, L.S. (1986). Occurrence and causes of traumati

injuries in neonatal pigs. Pig News and Information, 7: 159-170.

Thornton, K. (1996). The future of the farrowing crate. Far Eastern Agriculture

November/December: 44-45.

Varley, M.A. (1995). Introduction. In: Varley, M.A. (Ed.) The Neonatal Pig - Development an
Survival, CAB International, Wallingford, UK, 1-13.

Vessuer, P.C., Kemp, B., Hartog, L.A., den (1994) Factors affecting the weaning to oestru
interval in the sow. Journal of Animal Physiology and Animal Nutrition, 72: 225-233.

Vermeer, H. M., Hoofs, A. . J,, Plagge, J. G. (1993). Piglet mortality reduction by farrowing pel
design. In: Collins, E. Boon, C. (Eds.) Livestock Environment 1V. Proceedings of Americal
Society of Agricultural Engineers (A.S.A.E.) Conference held in Coventry, UK, 6-9 July 1993
820-827.

Wattanakul, W., Sinclair, A.G., Stewart, A.H., Edwards, S.A., English, P.R. (1997). Performanci

and behaviour of lactating sows and piglets in crate and multisuckling systems: a study involving

European White and Manor Meishan genotypes. Journal of Animal Science. 64:2, 339-349.

Use of Farrowing Crates During Farrowing and Lactation 1



New Zealand Pork Industry Board September 2001

Weary, D. M., Phillips, P. A., Pgor, E. A., Fraser, D., Thompson, B. K. (1998). Crushing o
piglets by sows. effects of litter features, pen features and sow behaviour. Applied Anima
Behaviour Science, 61: 2, 103-111.

Weber, R. (1997). New farrowing pens without confinement of the sow. In: Bottcher, R. W.
Hoff, S. J. (Eds.) Livestock environment V, Volume 2. Proceedings of the Fifth Internations
Symposium of American Society of Agricultural Engineers (A.S.A.E.) held in Bloomingtor
Minnesota, USA, 29-31 May, 1997, 280-286.

Use of Farrowing Crates During Farrowing and Lactation 1



