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Abstract. The objective was to evaluate suckling performance and behaviour traits of gilts and piglets in two
different single-housing farrowing systems under practical conditions. Performance data of 70 crossbred gilts
and their 842 piglets were collected. The behavioural observation included 17 gilts and 211 piglets. Gilts of the
control group (full-time crating, FTC) were fixed during farrowing and suckling (Pro Dromi® 1), and in the ex-
perimental group (short-time crating, STC) gilts were fixed for 6 days postpartum (p.p.) only (Pro Dromi® 1.5).
Six farrowing crates were included in each group, and six replications were carried out. Performance data were
collected and gilts’ and piglets’ behaviour was observed with 10 min scan samples and categorized by standing,
walking (only in STC), sitting and lying (side and belly). The management and the housing systems were in
accordance with the Tierschutz-Nutztierhaltungsverordnung (TierSchNutztV, 2017). No significant (p > 0.05)
differences between FTC and STC were found in piglets born alive (13.2 and 13.9, respectively), loss of piglets
(1.4 and 1.55, respectively) and weaned piglets including cross-fostering (12.0 and 12.4, respectively). Piglet
loss due to crushing was 0.6 (FTC) and 0.64 (STC), with no significant difference (p> 0.05). Overall, 82.5 %
of all piglets killed due to crushing were lost from farrowing to day 2 p.p. The daily gain of STC piglets was
significantly higher than that of FTC piglets (205 g vs. 199 g, respectively; p< 0.05) during the suckling pe-
riod (3 weeks). Concerning gilts’ behaviour, significant differences (p≤ 0.05) were found in sitting duration
only (FTC 5.8 % and STC 4.0 %, respectively). FTC piglets spent more time lying, sitting and standing (7.4 %
vs. 4.4 %, 0.5 % vs. 0.4 %, 9.6 % vs. 8.4 %, respectively; p≤ 0.05). The reason could be the higher acceptance
of the piglet nest in STC.

It was possible to conclude that gilts’ welfare was improved by STC compared to FTC, and farrowing crates
with loose single housing did not lead to higher piglet loss in the suckling period. An earlier end of the fixation
period of the gilt at day 2 or 3 p.p. should be tested.

1 Introduction

During gestation sows must have the opportunity to move
freely in a group of companions according to German legisla-
tion (TierSchNutztV, 2017). But in the suckling period sows
are still kept on their own and full time in crates. This is not in
accordance with a sow’s behaviour under natural conditions.
Sows live in a herd and leave the group approximately 24 h
before farrowing (Jensen, 1986). On average 10 days post-
partum (p.p.), sows return together with their piglets to the
group and mix with it (Jensen and Redbo, 1987; Pitts et al.,

2000). Hence, single housing is in accordance with the needs
of a sow around farrowing (Von Borell et al., 2002), but fixa-
tion in crates during the whole suckling period is not related
to sows’ welfare (Baxter et al., 2011). Hence, short-time crat-
ing (STC) could be a possible alternative to the present com-
mercial practice of full-time crating (FTC) (Bünger, 2002;
Weber et al., 2009).

Studies from Bohnenkamp et al. (2013) showed that suck-
ling duration was similar in single and group housing. But
other studies concluded that loose single housing or even
group housing led to higher piglet loss due to crushing
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(Damm et al., 2005; Danholt et al., 2011; D’Eath, 2005;
Maletinska and Spinka, 2001).

The aim of the present study was to evaluate suckling per-
formance and behaviour of gilts and piglets in two different
single-housing farrowing systems under practical conditions.

2 Material and methods

2.1 Animals and housing

The present investigation was performed in a newly built
barn for 550 sows in the northern part of Germany, and it
was not organized according to the rules of organic farming.
The trial period lasted from February to May 2015, and it was
possible to include BHZP (Bundes Hybrid Zucht Programm)
Viktoria gilts mated to db77 boars. The gilts of the control
group experienced FTC, which means conventional single
housing. It was possible to include six farrowing crates, and
gilts were fixated from 48 h prior to farrowing till weaning
(Pro Dromi® 1). In the trial group, STC was practised and
the gilts were fixated from 48 h prior to farrowing till the
sixth day of suckling (Pro Dromi® 1.5). Six farrowing crates
were a part of the investigation.

The single pens were identical in construction with an area
of 6.5 m2 in total. The moving area of a gilt was 3.3 m2 (STC)
and 1.3 m2 (FTC), respectively. In FTC and STC, six experi-
ments each were conducted, and gilts entered the pens 5 days
before farrowing; for 3 days they were not fixated and could
explore the pen. In each pen, a jute bag (1.2 m× 0.6 m) was
provided to allow nest-building behaviour. During the first
few sow feeding times, piglets were fixated in their nest to
reduce loss due to crushing. Cross-fostering was done within
FTC and STC as far as possible.

The housing systems and the management used in the
present study were in accordance with the Tierschutz-
Nutztierhaltungsverordnung (TierSchNutztV, 2017).

2.2 Recorded traits

It was possible to analyse performance data of 70 gilts
(first parity) and 842 piglets. Behavioural observations of
17 gilts and 211 piglets were performed.

Birth weight was measured 1 day after the main farrowing
day and at the end of the first and second week of suckling.
The final weight was recorded at day 18 p.p.

Behavioural parameters were recorded on video (Mobotix,
2017) with the scan sampling method (Hoy, 2009) on
day −1, 0 (farrowing), +1, +5, +7 and +16. Videotapes
were analysed with the instantaneous sampling (Hoy, 2009)
method and an interval of 10 min.

2.3 Statistical analysis

Statistical analysis was performed with the statistical soft-
ware package IBM SPSS, Version 22.0 (IBM Corp., 2013).

Table 1. Mean (SD as index; minimum and maximum in parenthe-
sis) for fertility traits of gilts across the two housing systems.

Trait FTC STC

Number of gilts/farrows (n) 37 33
Piglets born alive (n) 13.24.0 (3–20) 13.93.6 (4–21)
Piglets born dead (n) 0.91.4 (0–6) 1.11.3 (0–5)
Loss of piglets (n) 1.41.4 (0–4) 1.61.4 (0–5)
Loss of piglets due to crushing (n) 0.60.9 (0–3) 0.60.9 (0–3)
Loss of piglets (%) 9.89.3 (0–28.6) 10.29.0 (0–29.4)

The statistical model of the piglets’ performance traits and of
behavioural observations of piglets and gilts included fixed
effects as shown below. The model of the traits of gilts perfor-
mance obtained the fixed effect of the housing system only.

Yijkl = µ+Hi +Bj + Sk + b
(
Wijkl −W

)
+ eijkl,

where Yijkl is observation, µ is the sample mean, Hi is the
fixed effect of housing system (FTC, STC), Bj is the fixed
effect of the batch (1 to 6), Sk is the fixed effect of the piglets
sex (male, female), b(Wijkl −W ) is the linear covariate of
piglets birth weight and eijkl is the residual random error.

3 Results

As shown in Table 1 the number of piglets born alive did not
differ between FTC and STC, with 13.2 and 13.9, respec-
tively. About one piglet was born dead per farrow, and the
loss of piglets was low, with 1.4 in FTC and 1.6 in STC. The
percentage of piglet loss due to crushing was the same in both
systems and the proportion of lost piglets did not vary signif-
icantly (between 9.8 (FTC) and 10.2 (STC)). In STC only
1 out of a total of 21 piglets killed due to crushing were lost
after the sixth day of suckling, the last day of gilts’ fixation.

In STC, birth weight was lower than in FTC, but there was
no difference in live weight at the 18th day p.p. between both
housing systems (Table 2). Because of a significantly higher
daily gain in week 2 and 3, STC piglets had a significantly
higher daily gain during the suckling period with 205 g com-
pared with FTC piglets reaching 199 g.

Focusing on the lying behaviour, no significant differences
were found between FTC and STC (Table 3). Gilts were ly-
ing on their side 57 % (FTC) and 55.9 % (STC) and on their
belly 22.5 % (FTC) and 23.4 % (STC) of the total observation
time. In FTC gilts spent a higher time period sitting (5.8 %)
than gilts in STC (4.0 %). The difference was statistically sig-
nificant. Neither in standing nor in suckling behaviour were
significant differences found between the two systems (Ta-
ble 3).

Piglets’ behaviour differed between the two systems as
shown in Table 4. FTC piglets showed significantly higher
lying, sitting and standing frequencies. STC piglets spent sig-
nificantly more time in their nest (61.6 %) than piglets in FTC
(55.9 %). The observed differences in suckling behaviour be-
tween FTC and STC were not significant (Table 4).
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Table 2. LSQ (least-square) mean (SE as index; minimum and maximum in parenthesis) for growth traits of piglets across the two housing
systems.

Trait FTC STC

Number of piglets (n) 432 410
Birth weight (kg) 1.35a

0.015 (0.56–2.64) 1.31b
0.016 (0.62–2.54)

Live weight (kg), 18th day p.p. 4.710.030 (1.76–7.48) 4.770.031 (1.55–7.93)
Daily gain (g day−1), first week p.p. 1582.3 (−53–358) 1532.4 (−100–333)
Daily gain (g day−1), second week p.p. 212a

2.1 (36–360) 223b
2.1 (34–423)

Daily gain (g day−1), third week p.p. 214a
2.6 (−2–408) 225b

2.6 (4–436)
Total daily gain (g day−1) 199a

1.7 (46–329) 205b
1.8 (32–344)

a,b Significant differences (p≤ 0.05).

Table 3. LSQ mean (SE as index) for behaviour of gilts across the
two housing systems.

Trait FTC STC

Number of gilts (n) 8 9
Lying (side, %) 57.01.85 55.91.72
Lying (belly, %) 22.51.45 23.41.35
Sitting (%) 5.8a

0.56 4.0b
0.52

Standing (%) 14.71.00 14.80.92
Walking (%) – 1.9
Suckling (%) 29.82.05 28.31.90

a,b Significant differences (p≤ 0.05).

4 Discussion

The investigation took place in a newly built barn with a ca-
pacity of 550 sows, and it was not organized according to the
rules of organic farming. So the circumstances differed from
the usual ones when short-time crating in single housing or
even group housing during farrowing and suckling was prac-
tised.

The number of piglets born alive in the present study
was 13.2 and 13.9 and was a bit higher than the number
of 13.0 observed in German commercial herds (ZDS, 2013).
The total loss was 9.8 and 10.2 % and was lower than re-
ported in German commercial herds (14.5 %; ZDS, 2013).
Baumgartner (2011) showed a live-born piglet mortality be-
tween 12.6 and 17.2 % in eight European countries (CH, DK,
GE, NL, SE, UK, NO, AT). Hence, it was possible to con-
clude that the circumstances of the present investigation rep-
resented well-managed commercial herds.

The loss of piglets due to crushing was less than half of all
loss, and it was the same in both systems (FTC, STC). Jung-
bluth et al. (2005) concluded that 60 % of all loss was caused
by crushing. With 4.2 % (FTC) and 4.3 % (STC) crushed
piglets in similar systems, Soede et al. (2014) had nearly the
same results as the present study. By contrast with these re-
sults, Weber et al. (2007) found higher loss due to crushing
in loose single housing (5.4 %) than in FTC (4.5 %). Even

Table 4. LSQ mean (SE as index) for behaviour of piglets across
the two housing systems.

Trait FTC STC

Number of piglets (n) 95 116
Lying (%) 7.4a

1.04 4.4b
0.96

Sitting (%) 0.5a
0.05 0.4b

0.04
Standing (%) 9.6a

0.37 8.4b
0.34

Suckling (%) 26.61.55 25.21.43
Time spending in the nest (%) 55.9a

2.08 61.6b
1.93

a,b Significant differences (p≤ 0.05).

Damm et al. (2005), Danholt et al. (2011), D’Eath (2005),
and Maletinska and Spinka (2001) found higher loss due to
crushing in loose single and even group housing.

One reason for the low crushing loss in STC in the present
study could be that piglets spent about 60 % of the observed
time in the nest. This could be due to the construction of
the Pro Dromi® system were the piglets’ nest was located in
front of the head of the gilt and piglets could keep contact
with their mother. Further, the jute bag used by the gilt to
show nesting behaviour was put into the piglets’ nest which
made it more attractive for the piglets. Possibly this manage-
ment led to a strong mother offspring bond.

Only 1 of 21 piglets was lost after ending the fixation of
the gilt at day 6 p.p. This led to the conclusion that the end-
ing of fixation at an earlier stage of suckling must not nec-
essarily lead to higher loss. Research should be intensified to
optimize STC systems.

In the present study suckling frequencies were a bit lower
in STC, but the difference was not significant. The study
of Bohnenkamp et al. (2013) confirmed this result because
they found no differences in suckling frequencies between
FTC and STC. Although the suckling frequencies were sim-
ilar from a statistical point of view and the birth weight was
higher in FTC, in the second and third week the daily gain
of piglets was significantly higher in STC compared to FTC.
This is in accordance with Soede et al. (2014), who found
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a significantly higher daily gain in STC (250 g day−1) com-
pared to FTC (237 g day−1). It was possible to conclude that
the housing system had an effect on daily gain.

Hence, piglets’ welfare was not negatively influenced by
STC, where the gilt has more opportunities to move than in
FTC. Gilts showed sitting behaviour less often, which might
lead to the conclusion that gilts’ welfare was improved by
STC compared to FTC.

5 Conclusions

We conclude the following:

1. The loss of piglets due to crushing was not significantly
higher in STC compared to FTC.

2. The daily gain of piglets was slightly higher when gilts
were fixated for a short time compared to full-time crat-
ing.

3. Sitting behaviour occurred more often in FTC, and it
was possible to conclude that gilts’ welfare was ad-
versely influenced.

4. No differences between FTC and STC were found in
suckling frequency, and a higher moving activity of
piglets could be observed in STC.

Data availability. Data are available on request from the corre-
sponding author.
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