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The causes and timing of piglet mortality were studied in different farrowing systems. In the first experiment
198 litters were recorded in three systems, two of which allowed the sows to move freely, and the third
restricted them in conventional crates. More piglets were weaned from the conventional crates than from
the open systems and they grew more quickly. More than half the liveborn mortality occurred during the first
four days after parturition. In the open systems, 17 per cent and 14 per cent of the piglets born alive were
crushed, compared with only 8 per cent in the crates. In the second experiment, 29 sows and litters were
studied in detail in a communal pen system during the first seven days of lactation. Three-quarters of the
liveborn mortality was due to crushing. The total number of piglets dying per litter, including stillbirths, was
significantly associated with the total litter size and the sow's parity. The percentage livebom mortality was
significantly associated with the parity and body length of the sows and with the within-litter variation in
the birth weight of the piglets. Individual birth weight was closely associated with percentage survival. Only
28 per cent of piglets weighing less than 1-1 kg at birth survived to seven days.
WELFARE concerns in pig farming have centred on practices compared with those recorded in indoor crate systems
in which the adult sow is closely confined. Sow stalls and teth- (English and Wilkinson 1982, English and Morrison 1984,
ers are now banned in the UK and the farrowing crate has been Edwards and others 1986) and outdoor farrowing systems
criticised because it confines the sow before parturition and (Edwards and others 1994).
This paper describes the results of two experiments to
throughout lactation. The farrowing crate was originally
introduced to make it easier to manage sows, to allow higher investigate the causes and timing of piglet deaths in two
stocking densities and to reduce piglet mortality (Fraser and different experimental group-farrowing systems and in a
Broom 1990). It can be argued that crates have fulfilled these commercial crate system.
objectives, but recent research has indicated that they may put
sows under stress (Jarvis and others 1997).
Alternative systems, in which the sow can move freely, are MATERIALS AND METHODS
now being promoted. However, these alternatives have made
management more difficult, require more space and often Experiment 1
result in higher piglet mortality than farrowing crates Animals and management One hundred and ninety-eight
(Edwards and Fraser 1997). Outdoor farrowing systems, in Large White x Landrace sows (Pic) were balanced for parity
which the sows are not confined, appear to have levels of and assigned randomly to one of three farrowing treatments
preweaning mortality comparable to those in farrowing housed in three adjoining rooms of identical dimensions (38
crates, 10-8 per cent and 11-3 per cent for outdoors and m2) within the same building.
indoors, respectively (Meat and Livestock Commission [MLC]
The first, a communal farrowing pen system (Pen) con1998). This suggests that a successful, unconfined, indoor far- sisted of five individual pens (2-75 m x 1-50 m) each with a
rowing system maybe achievable. However, it is probable that triangular, thermostatically-controlled creep in one corner
more piglets are born alive in farrowing arks than are and a farrowing rail around the perimeter, 20 cm out from the
recorded by farmers (Edwards and others 1994), because of wall and 20 cm above the floor. A feed trough, piglet drinker
inaccuracies resulting from their inaccessibility.
and sow drinker were situated in the pen. From the pen, the
At present in the UK, 7-1 per cent of piglets are lost through sow had access to a 2-25 m wide communal passageway and
stillbirths (MLC 1998) and a further I11 per cent of liveborn an outdoor dunging area (15 m2). The piglets were contained
piglets die before weaning (MLC 1998). These losses have in the pen up to the age of about seven to 10 days by a barremained relatively unchanged for many years. It is therefore rier 0-3 m high. There was an electronic sow feeder station at
necessary to develop farrowing systems specifically designed one end of the communal passageway. The pen was bedded
for modern sows, which are large in mature body size and with chopped straw.
often produce large, variable litters with a high proportion
The second, a communal farrowing crate system (Free
of small, weak piglets (Herpin and others 1996, Daza and Crate) consisted of five commercial farrowing crates (2-25 m
others 1999).
x 0-60 m) within individual pens (2-25 m x 1*50 m), with a
The farrowing systems under development at ADAS thermostatically-controlled creep along one side. On the day
Terrington were originally designed to utilise efficiently the after farrowing, piglet containment barriers 0 3 m high
space available in pens from which crates had been removed. replaced the front and back components of the crates. The
The intention was to give sows an environment which would sow was thus able to walk through the crate and gain access
allow them to maintain their natural behaviour around the to front and rear communal passageways, both 1-4 m wide,
time of parturition and throughout lactation, while main- and an outdoor dunging area (15 im2), while the piglets were
taining the same number of farrowing places as the crate sys- contained within the pen up to the age of about seven to 10
tem that was being replaced. In order for specific problems days. There was an electronic sow feeder station at one end
within such alternative systems to be identified and tackled, of the front passageway. The pen was bedded with chopped
the causes and timing of piglet deaths need to be assessed and straw.
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The third, standard commercial farrowing crates (Crate)
consisted of five unmodified commercial farrowing crates
(2-25 m x 0*60 m), with individual feed dispensers and
drinkers housed in individual pens (2-80 m x 1-50 m). There
was a thermostatically-controlled creep along the front of
each pen. The pen was bedded with chopped straw.
During gestation, all the experimental sows were housed in
a large dynamic group housing system for 100 sows with a twostation electronic sow feeder system. They were bedded on deep
straw, had access to an outdoor concrete run for dunging and
were fed a commercial ration with a mean energy content of
13-0 MJ digestible energy (DE)/kg. The quantity of food given
varied from 2-0 to 3-5 kg/day, depending on the sow's body condition and stage of gestation. During lactation, all the sows
received an identical lactating sow diet with a mean energy content of 13-2 MJ DE/kg which was available ad libitum.

Experimental procedures The sows entered the farrowing
accommodation in groups of five, approximately five days
before their predicted farrowing date. Fourteen experimental
replicate groups were recorded in the Pen and Crate farrowing systems and 12 replicates were recorded in the Free Crate
system. In total, 198 litters were recorded from 198 sows. The
piglets were weighed individually at birth and were injected
with iron, teeth-clipped and tail-docked at about four days of
age. The piglets in the experimental loose-housed systems
were contained in their home pens by barriers that were
removed when the youngest litter in the room reached seven
days of age. Creep feed was then available in a small area next
to the sow feeder, which only the piglets could reach.
After the sow had farrowed, any dead piglets were removed
daily, weighed and their cause of death ascertained from
external observation and basic postmortem evidence. By
these methods the deaths could be classified as either stillborn, due to crushing or due to other causes. The piglets were
also weighed when they were weaned at a mean (se) age of
25-2 (0.2) days, and their average daily liveweight gain was calculated. All the piglets from the sows in a group of five were
weaned at the same time.
After weaning, the experimental farrowing house was
pressure-washed, disinfected and allowed to dry for seven
days before housing another group. All three systems
remained lit artificially overnight throughout the experimental period. The natural ventilation was controlled manually and the temperatures of the room and the piglet creep
were kept consistent across treatments. Any piglets showing
signs of clinical disease were treated and the type of treatment
was recorded. The incidence of disease was low and did not
differ between systems.

A total of 29 Large White x Landrace sows (PIC) were studied as they farrowed and up to seven days after parturition,
the period when the majority of piglet deaths occur. All the
pregnant sows were kept in the same building as those in
experiment 1, but in one of two large dynamic groups each
containing 35 sows, with a total space allocation of 4-4 m2 per
sow. The two groups had different feeding systems.
The first group received restricted feeding from a single
electronic sow feeder station, from which they were fed 2-2 kg
of gestating sow diet per day.
The second group were fed ad libitum from five feed hoppers. All the sows were fed a high-fibre diet containing unmollassed sugar beet pulp. Both diets were formulated to contain
12-7 MJ DE/kg.
There were no differences between the two groups in any
of the parameters measured during lactation and all the data
were therefore pooled.

Experimental procedures Five groups of five sows and one
group of four sows were selected on the basis of their predicted farrowing dates. They were weighed, had their body
length measured, and were moved to the Pen system
described in experiment 1 at least five days before they were
expected to farrow. A lactating sow diet containing 13 2 MJ
DE/kg was available ad libitum from an electronic sow feeder
station situated in the passageway. From two days before the
predicted farrowing date, the sows were randomly assigned to
a farrowing pen and shut in overnight to prevent them farrowing elsewhere in the system. On the morning after parturition, the sow was released and the litter size, its
composition and individual birth weights were recorded.
Cross-fostering was not used. Throughout the experimental
period, the behaviour of the sows and piglets was recorded
continuously by time-lapse video recorders from which the
total duration of parturition was determined together with
information about the cause of death of any piglets.
Any dead piglets were removed daily, weighed and the
cause of death established from the video tape evidence and
other postmortem methods (Randall and Penny 1967, Wells
1978, Carr and Walton 1995).
Statistical analysis All the analyses were made by using
MINITAB Statistical Software (version 12.1, 1998). Multiple
regression was used to examine the relationships between the
total number of piglets dying in each litter and the total litter size, the parity, body length and bodyweight of the sow, the
percentage of bodyweight lost by the sow during lactation, the
average birth weight of the piglets and the within-litter variation in the birth weight of the piglets by using a stepwise procedure. A similar procedure was applied to examine the
relationship between the percentage mortality of the liveborn
piglets and the various sow and piglet parameters. The
partial F value for the inclusion of a variable into the models
(F-to-enter) was set for significance at the P=0-05 level. A
non-parametric Kruskal-Wallis test was used to compare the
birth weight of the piglets in relation to their cause of death,
for which purpose each litter was partitioned into five subsets
(alive, born dead, crushed, starvation/hypothermia and
other) and the non-zero subsets were used as sampling units.

Statistical analysis All the analyses were made by using
MINITAB Statistical Software (version 12.1, 1998). The data
from each group of five sows and litters were likely to be correlated and each group of five sows and litters was therefore
treated as a single experimental unit. For each variable of
interest, each group of five sows and litters was used to obtain
a single group mean, and these statistically independent
means were used as derived observations in the subsequent
analyses. The mean sow and piglet production parameters of
the three farrowing systems were compared by using a simple
one-way classification model analysis of variance, with three
classes (Pen, Free Crate and Crate) with 14, 12 and 14 derived RESULTS
observations, respectively. The data were transformed by taking natural logarithms as appropriate when the assumption Experiment 1
ofnormality was not fulfilled. Post hoc comparisons of means Mortality A total of 2428 piglets were born and 1709 piglets
were weaned from the 198 farrowings recorded, giving a mean
were made by using the least significant difference test.
(se) total litter size of 12-3 (0.3) with 8.6 (0.4) weaned. The
overall preweaning piglet mortality was 29-6 per cent. The
Experiment 2
Animals and management After experiment 1, it was total numbers of piglets born per litter were similar in the difdecided that the work should concentrate on the Pen system. ferent housing systems (Table 1) but a greater proportion of
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Measure of performance

Pen (n=14) Free crate (n=12) Crate (n-14)

Total born per litter
Liveborn per litter
Stillborn per litter
Crushing deaths per litter
Other deaths per litter
Proportion of liveborn weaned
Birth weight (g)
Weaning weight (g)
Parity of sow
Piglet sex ratio (boars:gilts)

12-0 (0-4)
11-3 (0-4)
0-7 (0-2)
1.9a (0-2)
0-9 (0-2)
0.75a (0-02)
1525 (30)
6689a (251)
3.6 (0-3)
1.35 (0-1)

12-4 (0-6)
10-9 (0-6)
1-5 (0-4)
1-5a (0-2)
1.4 (0-3)
0.74a (0.04)
1476 (35)
6338a (442)
3-6 (0-3)
1.44 (0-14)

F237

12-3 (0-3)
11 -2 (0-3)
1-1 (0-2)

0-24

o.gb (0-1)
0-8 (0-1)
0.87b (0-02)
1535 (29)
7908b (193)
3.7 (0-3)
1.35 (0-1)

12-66
2-08
7-34
0-99
8.02
0-03
0-19

0-15
1-96

P
NS
NS
NS
<0.001
NS
<0-01
NS
<0-001
NS
NS

Means in a row followed by different superscripts are significantly different (P<0-05)
NS Not significant

Age
(days)
0-1

1-2
2-3

Number of
piglets
67
13
11

3-4
4-5
5-6
6-7

4

5
4
3

Breathed
Yes
No
33

34

Milk present in
gastrointestinal tract
Yes
No
25
8
9
2
4
3
3

8
5
2
2

1
1
0

a, b

the liveborn piglets was weaned in the Crate system (P<0-0 1).
The growth rates and hence the weaning weights of the piglets
were also higher in the Crate system (P<0-01). The numbers
of stillborn piglets were similar in the different systems (Table
1). However, the total liveborn mortality up to weaning was
significantly higher in both the loose-housed farrowing systems than in the Crate system (P<0-01). When piglet mortality was categorised according to the cause of death, the
number of piglets dying as a result of crushing was higher in
the Pen system, accounting for 68-5 per cent of all liveborn
deaths, compared with 44-6 per cent in the Free Crate system
and 48-2 per cent in the Crate system (P<0-001).
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Time of death Sixty-two per cent of the deaths had occurred
in the first 24 hours after farrowing, designated day 1 in Table
2. A further 22 per cent occurred over the next 48 hours, but
thereafter mortality decreased to relatively low levels. Of the
piglets that died within the first 24 hours, 49 per cent had fully
or partially inflated lungs and 76 per cent of those born alive
had suckled successfully, as indicated by the presence of food
within the gastrointestinal tract. Twenty-eight per cent of the
piglets that died over the next six days had no evidence of
having suckled successfully.

Primary causes of piglet deaths Of the 34 stillborn piglets,

U1)
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,,
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Mortality In total, 355 piglets were born from the 29 litters
giving a mean litter size of 12-2 (0.6). Seven days after farrowing, the mean number of piglets left alive per litter was 8-5
(0-5), giving an overall mortality up to seven days of nearly 31
per cent. In all, 107 dead piglets were sent for postmortem
examination.

m

0-

(b)

total liveborn mortality occurred during the first four days
after parturition. There was no significant difference between
the systems in the spread of mortality during the first four
days after parturition with 45-2 per cent of the total liveborn
mortality occurring over this period in the Free Crate system,
compared with 64-2 per cent in the Pen system and 62-5 per
cent in the Crate system. In each system there were low levels of piglet mortality after the first week; in the Free Crate
system 34-5 per cent of all deaths, in the Pen system 25-1 per
cent of all deaths, and in the Crate system 27-7 per cent of all
deaths.
In all the systems, the majority of crushing deaths (67.4
per cent) occurred during the first four days, though some
deaths due to crushing occurred throughout lactation in the
Pen system and in the Free Crate system (Fig la). Piglet mortality due to other causes tended to be highest in the Free
Crate system and peaked on the third day postpartum (Fig
lb). Apart from a small peak on the third day in the Crate system, death due to causes other than crushing was fairly consistent throughout lactation in both the Crate system and the
Pen system.
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FIG 1: Distribution of liveborn piglet deaths over lactation due to (a) crushing and
(b) other causes, in each of three different farrowing environments, expressed as
percentage of number of piglets born alive
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two (6 per cent) were mummified and a further seven (21 per
cent) were classified as prepartum or group I deaths, on the
basis of postmortem evidence such as excessive skin discolouration and autolysis of internal organs. The remaining
25 piglets (74 per cent) were classified as intrapartum or
group II deaths. The number of group II deaths per litter was
related to the overall duration of parturition (R2=0-35,
P<0-01) but not to the average interval between successive
births. Crushing was the primary cause of death for the
majority of liveborn piglets during the seven-day period after
farrowing (Table 3), and accounted for over three-quarters of
liveborn deaths. Of these, 80 per cent had recently suckled
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successfully. In contrast, only 43 per cent of piglets dying from
a combination of starvation and hypothermia had suckled
successfully. Death from indeterminate causes was rare during the period monitored.

Primary cause of death

Relationships with piglets and sow production parameters The piglets that did not survive to seven days were significantly lighter than the piglets which did survive (1224 [20]
g v 1534 [38] g, P<0.001). Piglets that died as a result of starvation/hypothermia were significantly lighter (P<0001) at
birth than piglets from all the other categories (Table 4). The
birth weight (g) of individual piglets was strongly associated
with the percentage survival to seven days (R2=0-892,
P<0-001) (Fig 2). The quadratic model (Y=-66.2 + 1571X38-3X2) was adequate over the observed range of birth
weights. Only 28 per cent of piglets weighing less than 1100 g
at birth survived to seven days. Using step-wise regression
analyses, the total number of piglets dying per litter was significantly associated with the total litter size and the parity
of the sow (Y=-3.7 + 0-4 [total litter size] + 0-6 [sow parity],
R2=0-638, P<0.001). The percentage liveborn mortality was
significantly associated with the parity and body length (cm)
of the sow, and with the within-litter coefficient of variation
in piglet birth weight (Y=1 17-9 + 5-1 [sow parity] - 0-1 [sow
body length] + 0-6 [within-litter coefficient of variation in
piglet birth weight], R2=0-470, P<0.01).

DISCUSSION

Experiment 1
The high mortality of liveborn piglets recorded in these
experiments corresponds with the results of previous studies on open farrowing systems that recorded mortality ranging from 22-8 to 34-8 per cent (Robertson and others 1966,
Glastonbury 1976, Aherne 1982, McGlone and Blecha 1987,
Arey and Sancha 1996). Factors known to affect piglet mortality include birth weight (Spicer and others 1986), litter size
(English and Smith 1975), sow parity (Backstrom 1973), environmental temperature (Stephens 1971) and the design of the
farrowing accommodation (Cronin and Smith 1992). In this
experiment, all these factors were similar in the three systems
except for the design of the farrowing accommodation.
In all the systems, a high proportion of the mortality
occurred within the first 48 hours after parturition, when
piglets are at their most vulnerable in terms of their thermal
and nutritional requirements and have relatively poor mobility. This early mortality has been commonly observed
(English and Smith 1975, Cronin and others 1996). The influence of the design of the farrowing accommodation on piglet
mortality is indicated by the numbers and relative proportions of piglets dying from crushing and from other causes.
The total liveborn mortality in the Crate system was 14 3 per
co
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Number

Total

State

of piglets

deaths (Ok)

Stillbom

Group 1
Group II
Mummified

7
25
2

Crushed

Suckled
Notsuckled

44
11

Starvation/hypothermia

Suckled
Not suckled

6
8

Other causes

Suckled
Not suckled

4
0

6.5
23-4
1-9
31.8
41.1
10.3
51-4
5-6
7.5
13-1
3-7
NA
3-7

Total
Total

Total

Total

Liveborn
deaths (O)
NA
NA
NA
NA
60-3
15.1
75-4

8-2
11.0
19.2
5-5
NA
5-5

cent, with about half showing evidence of crushing injuries,
in close agreement with the results of previous investigations
into the causes of piglet mortality in crates (Edwards and others 1986). The total liveborn mortality in the Free Crate system was also equally divided between crushing deaths and
deaths due to other causes, but it was much higher at 26-6 per
cent. This higher mortality can be attributed to relatively
more deaths from other causes between two and six days after
parturition and to more crushing deaths after seven days,
both being a consequence of the design of the farrowing
system.
After parturition, the sows in the Free Crate system had
access to the communal areas, while the piglets remained
enclosed in the home pen. The sows could therefore choose
to spend much of their time lying in the communal areas,
only returning to the home pen for nursing. While all the
piglets remained confined within the home pen by the barrier, this presented few problems. However, if piglets managed
to escape from the home pen while the barriers were still in
place, the sows could nurse them in the communal areas without returning to the home pen. This could have resulted in a
large number of piglets remaining in the home pen dying
from starvation and hypothermia and contributing to the
higher proportion of deaths due to other causes which
occurred in the Free Crate system between two and six days
after parturition.
Although sows in confinement experience difficulty when
lying down (Marchant and Broom 1996), farrowing crates do
prevent sudden movement and appear to minimise deaths due
to crushing especially after the first few days postpartum.
Before the piglets were released from the home pen, the numbers of deaths due to crushing were very similar in both the
Crate and the Free Crate systems. However, after they were
released, the piglets were exposed to sows lying down dangerously and suddenly outside the crated environment, which
probably accounts for the larger number of deaths due to
crushing which occurred in the Free Crate system after day 7.
In the Pen system, deaths due to crushing accounted for
nearly 70 per cent ofliveborn deaths. The litter was frequently
observed lying out of the heated creep and in the area in
which the sow chose to lie down. The piglets were therefore

2 50(0
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FIG 2: Relationship between piglet birth weight and
percentage survival to seven days postpartum
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at high risk of being crushed. The numbers of piglets dying
from other causes were similar to the numbers observed in
the Crates, suggesting that the sows were likely to have been
nursing their litters fairly consistently.

Experiment 2
A closer examination of piglet deaths in the Pen system has
shown that nearly 32 per cent of them occurred before the
process of parturition had been completed. As in other studies, the likelihood of piglets dying during parturition is
increased by an increase in the duration of parturition
(Friend and others 1962, Bille and others 1974, Fraser and
others 1997). Although it has been hypothesised that open
farrowing systems may reduce the number of stillborn piglets
by encouraging the sow to carry out normal prefarrowing
behaviour and hence improve muscle tone, it has recently
been suggested that no clear link exists (Fraser and others
1997). The relatively high incidence of stillbirths (9.0 per
cent) in this system would also appear to question this
hypothesis.
In agreement with earlier studies crushing was the major
cause of mortality in the Pen system, accounting for 75 4 per
cent of liveborn piglet deaths during the first seven days postpartum. About 60 per cent of the crushed piglets had suckled,
a much higher proportion than the 18 per cent reported by
English and Smith (1975) in farrowing crates, even allowing
for the differences in the recorded lactation period. The freedom of movement offered by the Pen system allows the sow
to change its posture suddenly, giving any piglets in the danger area little time to escape. The mortality due to crushing
was very similar to the 72 per cent of deaths of liveborn piglets
reported to have been due to crushing in an outdoor system
(Edwards and others 1994), a system which also allows the
sow more freedom of movement than the farrowing crate.
As in experiment 1, some piglets spent a considerable
amount of time out of the heated creep and in the area close
to the sow. Piglets may benefit from staying close to the sow
by improving their access to the teats, and it has been
observed that smaller piglets tend to spend more time in the
danger area (Weary and others 1996). This may explain why
the piglets that were crushed were significantly lighter at birth
than the piglets that survived to seven days. How the sow lies
down, and how it reacts to any trapped piglets, is of vital
importance to their survival. Although crates prevent the sow
from making sudden movements, they also prevent it from
expressing its natural behaviour. In a loose farrowing system,
the sows when lying down can take care to avoid piglets and
lie down carefully (Blackshaw and Hagels0 1990). They may
also react to tactile and auditory stimuli as they lie down
(Cronin and Cropley 1991) but in these respects there appears
to be a wide variation between individual sows (Hutson and
others 1991). It is possible that this wide variation in the quality of maternal behaviour may partly explain the variability
in piglet mortality recorded in this study, which ranged
between 0 and 53-8 per cent for individual sows. Maternal
behaviour has not been used as a criterion for selection but
it would be an important consideration if the use of crates
were to be prohibited by legislation.
Starvation/hypothermia was the primary cause of death
for nearly 20 per cent of the liveborn piglets, and the major
factor involved was probably birth weight. The relationship
between birth weight and survival to seven days was very
strong with only 15 out of 53 piglets weighing less than 1 1 kg
at birth surviving to seven days. The physiological challenges
for low birth weight piglets are greatly increased if the temperature is suboptimal (Stephens 1971) and it is therefore
important to maximise the use of the creep. It can be encouraged by maintaining a large difference in temperature
between the creep area and the farrowing room (Zhou and
Xin 1999), by positioning the creep area near the head of the
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sow (Titterington and Fraser 1975), or by incorporating a
simulated udder in the creep area (Lay and others 1999). Poor
use of the creep resulted in the piglets being exposed to temperatures below their thermoneutral zone. There was also a
wide variation in birth weight within the litters, resulting in
a competitive disadvantage for the smallest piglets which may
have obtained insufficient milk. However, the proportion of
piglets that died without food in their gastrointestinal tract
was lower than that recorded in a study of sows kept outdoors
(Edwards and others 1994). This may have been because the
piglets' access to the udder was comparatively good, with the
chopped straw improving their mobility, whereas in deep,
long straw their mobility is restricted and they are more likely
to be crushed or starve before they can gain access to the
udder.
Step-wise regression analyses indicated that the important
factors that contributed to the number of piglets dying per litter were the total litter size and the parity of the sow. Similarly,
liveborn mortality was related to the parity and body length
of the sow, and the within-litter variation in piglet birth
weight. Important selection criteria for pigs continue to be litter size and growth rates, the latter being related to the body
size of the mature animal (Whittemore 1994). Both these factors are implicated in piglet mortality. As litter size increases,
the duration of parturition and the within-litter variation in
birth weight tend to increase, resulting in more stillbirths and
smaller, weaker piglets which are at greater risk of dying, especially in the alternative farrowing systems used in this study.
As the sow's mature body size increases, it may become more
difficult for it to express maternal behaviour and control its
changes of posture (Marchant and Broom 1996) resulting in
a higher proportion of crushed piglets, again especially in
open farrowing systems (Rudd and Marchant 1995). It has
been suggested that in the long term, continued selection on
the basis of litter size may compromise the overall genetic gain
(Rauw and others 1999).
The results of these studies underline the problems
encountered in alternative farrowing systems. The two alternative systems used in these experiments may have enabled
the sow to express a greater range of maternal behaviour, but
only to the severe detriment of the welfare of the piglets. Piglet
mortality was much higher than in conventional farrowing
crates, and in the Pen system the increased incidence of crushing was a major problem.
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_ABSTRACTS
Identification of ovarian
structures in cows
THIS paper reviews the results of several investigations of ovarian structures in cows by ultrasonography and palpation per
rectum. Its conclusions are first, that it is difficult to diagnose
follicles less than 10 mm in diameter manually, but that with
ultrasound it is possible to diagnose follicles less than 5 mm and
to measure their internal diameter; secondly, that it is difficult
to diagnose a growing or regressing corpus luteum by either
method; thirdly, that ultrasonography is better than manual
palpation for estimating the size and number of mature corpora lutea. Overall, the percentage accuracies for the detection
of follicular cysts by palpation or ultrasonography were 66 and
74 per cent, respectively, and for luteal cysts the corresponding figures were 66 and 85 per cent. Either method should be
supplemented by information about the history of the animal,
palpation ofthe uterine horns, a vaginal examination and measurement of progesterone concentration.
HANZEN, CH., PIETERSE, M., SCENZI, 0. & DROST, M. (2000) Relative
accuracy of the identification of ovarian structures by ultrasonography and
palpation per rectum. Veterinary Journal 159, 161-170

Complications associated with
epidural catheters in dogs
EPIDURAL catheters were inserted aseptically into 81 dogs
and used to administer analgesics for a variety of surgical procedures. They were maintained for from one to seven days,
and on average for 2-3 days. Only 17 of the dogs (21 per cent)
suffered minor complications; 13 dislodged the catheter, two
contaminated either the catheter or its site of insertion, and
two had signs of inflammation at the site. No treatments other

than the removal of the catheter were required. The catheter
became dislodged most often in young dogs and in dogs
which had had a femoral fracture repaired. The results suggest that epidural catheters can be used safely and effectively
for the control of perioperative pain.
SWALANDER, D. B., CROWE, D. T., HITTENMILLER, D. H. & JAHN, P. J.
(2000) Complications associated with the use of indwelling epidural catheters
in dogs: 81 cases (1996-1999). Journal of the American Veterinary Medical
Association 216, 368-370
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