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Abstract

The availability of a rooting substrate may profoundly affect behaviour and welfare of pigs. Apart

from their actual housing environment, also the conditions present in early life and individual

characteristics may influence the behaviour of pigs. The present study investigated the relative

importance of the housing environment during rearing and the actual housing environment on

behaviour during the finishing phase, pathological lesions of the heart and stomach wall and weight

gain in pigs with diverging coping characteristics. Pigs were reared either without a rooting substrate

(barren, B) or in identical pens enriched with straw bedding (enriched, E). During the suckling period

piglets were subjected to the Backtest. The Backtest classification of pigs is, to a certain extent,

predictive of their coping style. Each piglet was restrained in supine position for 1 min and its

resistance (i.e. the number of escape attempts) was scored. Sixty high-resisting (HR) and 60 low-

resisting (LR) pigs were selected. Half of these pigs were from barren and the other half from

enriched rearing environments. Pigs were housed in groups of six (three HR and three LR) after
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weaning. At 10 weeks of age, environmental conditions (B or E) were switched for half of the pens.

Behaviour patterns of pigs during the finishing phase were largely determined by the actual presence

or absence of straw bedding. Pigs that changed from enriched to barren pens (EB pigs), however,

showed an increased inactivity beyond the inactivity levels of pigs with a barren rearing history (BB

pigs). The impact of rearing history on chewing, manipulative and play behaviour in later life was

larger for LR than for HR pigs. The availability of straw reduced the occurrence of gastric lesions in

LR, but not in HR pigs. Feed intake tended to be lower in EB pens than in EE pens, but this was

reflected in the growth rate of HR pigs only. HR–EE pigs showed a higher weight gain than HR–EB

pigs. In conclusion, behaviour patterns of pigs were largely influenced by the actual (in)availability of

straw. The influence of rearing history on behaviour, occurrence of gastric lesions and weight gain

was smaller, and depended to some extent on coping characteristics (LR or HR) of the pigs under

study.

# 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In intensive pig husbandry, pigs are predominantly housed in stimulus-poor

environments in which the possibilities for expression of species-specific behaviours

are limited (De Jonge et al., 1996; Schouten, 1986). Because of a lack of suitable substrates,

barren housing environments may in particular frustrate the performance of explorative

activities like rooting and chewing, which are considered important elements in the

behavioural repertoire of pigs (Fraser, 1988; Fraser and Broom, 1997; Van Putten and

Dammers, 1976; Wood-Gush and Vestergaard, 1989). This frustration of normal

exploratory behaviour has been suggested to lead to the development of several

maladaptive oral behaviours, such as nibbling, biting and rooting the tails, ears and other

parts of pen mates, and vacuum chewing (Schmidt, 1982; Schouten, 1986; Van Putten and

Dammers, 1976). Indeed, there is ample evidence that the availability of a rooting substrate

reduces abnormal oral behaviours in growing-finishing pigs, and, as indicated by both

behavioural and physiological data, improves their welfare substantially (Beattie et al.,

1996, 2000; De Jong et al., 2000; Fraser et al., 1991; Kelly et al., 2000; Schouten, 1986).

However, apart from the actual housing environments in which pigs are kept, also the

conditions present in early life may have profound effects on later behaviour and welfare.

For instance, space allowance during the socialisation period may crucially affect the

development of social skills needed in later life (Lammers and Schouten, 1985a, 1985b;

Schouten, 1986). Studies investigating specifically the immediate and long-lasting effects

of exposure to a rooting substrate on behaviour and welfare of pigs are rather scarce and

have yielded different results (e.g. Day et al., 2002a; Ruiterkamp, 1985; Schouten, 1986).

Thus, it was reported that it is mainly the actual presence or absence of a rooting substrate

that determines the behavioural activities of pigs (Day et al., 2002a; Schouten, 1986),

whereas others concluded that the provision of a rooting substrate (straw) in early life

affected the behaviour and adaptive capacity of pigs at a later age (Beattie et al., 1995;

Ruiterkamp, 1985).
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Recently we have shown that the impact of environmental conditions on behaviour

differs for pigs with diverging responses in a so-called Backtest (Bolhuis et al., 2005a). In

the Backtest, piglets are manually restrained in supine position during the suckling period

and characterized on the basis of their behavioural response (Hessing et al., 1993). Pigs

adopting one of the extreme reaction patterns in the Backtest, i.e. high resisting (HR) and

low-resisting (LR) pigs, have been reported to differ in their behavioural and

neuroendocrine responses to a variety of challenging situations (e.g. Bolhuis, 2003;

Bolhuis et al., 2004; Hessing et al., 1994a; Geverink et al., 2003, 2004; Karman, 2003; Ruis

et al., 2000). The Backtest response of piglets is therefore thought to reveal part of a more

general profile of responding, i.e. ‘coping style’ or ‘personality’ (Hessing et al., 1994a;

Ruis et al., 2000).

Backtest characteristics of pigs were also reflected in the effect of housing conditions on

the development of their behaviour (Bolhuis et al., 2005a; Geverink et al., 2003). In pens

enriched with straw bedding, LR pigs spent more time on play behaviour than HR

individuals. When housed in pens without a suitable substrate for explorative activities, LR

pigs showed more oral manipulation of pen mates than HR pigs, suggesting that the two

types of pig differ in the ability or manner of adapting to barren housing conditions

(Bolhuis et al., 2005a). Whether these effects are a result of the actual availability of straw

bedding or arise early in life is unknown. The present study investigated the relative

importance of rearing history and actual housing in influencing behaviour and welfare

during the finishing phase of pigs with diverging coping characteristics. For that purpose,

pigs with diverging Backtest responses (LR and HR pigs) experienced either a straw-

enriched or a barren environment during their first 10 weeks of life, after which

environmental conditions were switched for half of the experimental animals, and

behaviour during the finishing phase, pathological lesions of the stomach and heart, and

weight gain were assessed.

2. Methods

The established principles of laboratory animal use and care were followed as well as

the Dutch law on animal experiments, which complies with the ETS123 (council of Europe

1985) and the 86/609/EEC directive. The Institutional Animal Care and Use Committee of

the Wageningen University approved the experiment.

2.1. Subjects

The experiment was carried out in two successive batches, using 120 Great

Yorkshire � (Great Yorkshire � Dutch Landrace) pigs in total that were selected on the

basis of their Backtest response (see below) and body weight before weaning. Half of these

pigs were also part of another study investigating the effects of rearing environment on the

development of behaviour of growing-finishing pigs (Bolhuis et al., 2005a).

Per batch, subjects were bred by 21 sows that were inseminated at approximately the

same date. During gestation, sows were housed in groups of three or four individuals at the

experimental farm ‘‘De Haar’’ of the Wageningen University. One week prior to the
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expected day of farrowing, sows were randomly assigned to either substrate-impoverished

Danish farrowing pens (2.2 m � 3.8 m) with a 65% solid and 35% slatted floor (barren

environment) or to identical, adjacent pens in which the solid part of the floor was covered

with unchopped straw, approximately 4 kg per pen (enriched environment). Sows farrowed

within 5 days. On the day of birth, piglets received an iron injection and an ear tattoo. Tails

of the piglets were docked and male piglets were castrated following standard pig

husbandry procedures at 3 days of age.

Pigs were subjected to the Backtest (adapted from Hessing et al., 1993) at 10 and 17

days of age. The test procedure is described in detail elsewhere (Bolhuis et al., 2003).

Briefly, each pig was restrained on its back by placing the experimenter’s right hand over

the throat and the left hand loosely on the hind legs. Classification of pigs as ‘high resisting’

or ‘low resisting’ was based on the number of escape attempts (i.e. bouts of struggling with

at least the hind legs) they displayed during 60 s (see Hessing et al., 1994b). Briefly, pigs

were classified as HR if they performed more than four escape attempts in two tests, with a

minimum of two attempts per test. Pigs struggling less than four times in two tests, with a

maximum of two escape attempts per test, were labelled LR.

Averaged over the two Backtest, piglets showed 1.4� 0.08 escape attempts; this number

was not different for E and B pigs (E: 1.4� 0.11; B: 1.4� 0.11, P = 0.44). Of all piglets

tested (n = 422), 21.6% (n = 91) were classified as HR, 60.4% (n = 255) as LR pigs and the

remaining 18% (n = 76) as intermediates. From the pool of HR and LR pigs, 60 HR and 60 LR

pigs with similar body weights (7.3 � 0.07 kg on the day before weaning) were selected for

the current experiment. The number of escape attempts of the selected HR and LR pigs did

not differ from that of the total pool of HR and LR pigs (3.8 � 0.18 versus 3.8� 0.15 and

0.2� 0.06 versus 0.3� 0.05 escape attempts for the selection and the total pool of HR and

LR pigs, respectively). For both classifications the female to castrated male ratio was 2:1.

Half of the selected pigs were from barren and the other half from enriched farrowing pens.

2.2. Post-weaning housing environment

Pigs were weaned, mixed and relocated at 29.0 � 0.14 days of age. The 60 pigs from

barren farrowing pens were placed in barren pens (7 m2) with a 65% solid and 35% slatted

floor (B pens). The pigs from enriched farrowing pens were placed in similar, adjacent pens

enriched with deep straw bedding (unchopped straw, approximately 4 kg per pen) where

the slatted part of the floor was covered with a rubber mat (E pens). Per pen, six pigs, three

HR and three LR (two gilts and one barrow of each type) were grouped; these pigs were not

familiar with each other.

During the whole experiment, water was continuously available from two drinking

nipples and pigs had ad libitum access to normal commercial feeds (9.7 MJ NEv/kg and

16.6% CP from weaning until 11 weeks of age; 9.2 MJ NEv and 16.8% CP from 11 to 16

weeks of age; 9.2 MJ NEv and 14.7% CP from 16 weeks until slaughter). Lights were on

between 7:00 and 19:00 h. Temperature and ventilation within the building were

thermostatically controlled. Temperature was set at 25 8C when the weaned pigs entered

the building, and thereafter gradually lowered (approximately 1 8C per week) until a set

temperature of at least 18 8C during the finishing period was reached. In the morning,

between 8:00 and 9:00 h, all pens were cleaned out. Soiled straw was removed daily from
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the E pens and replaced with fresh unchopped straw (replacement approximately 3.5 kg per

pen per day).

2.3. Environmental change

At 10 weeks of age, housing conditions were changed for half of the pens during daily

cleaning. In five B pens, the slatted part of the pen was covered with a rubber mat and straw

bedding was provided (BE treatment) and in five E pens the straw bedding and rubber mat

were removed (EB treatment). In the other five B and five E pens, housing conditions

remained unchanged (BB and EE treatment, respectively).

2.4. Observations

At 15 and 19 weeks of age behaviour of individual pigs was recorded for 8 h per week

using 2-min instantaneous scan sampling. Observations were carried out on 2 days per

week and started at 9:00, 11:00, 13:30 and 15:30 h. Individual pigs could be identified by

an ear tag and a number sprayed on their backs with standard colour stock marker. The

Observer1 software package (Noldus Information Technology b.v., Wageningen, The

Netherlands) installed on a Psion Organiser II LZ64 was used for behavioural recordings.

The ethogram is given in Table 1.

2.5. Weight gain

Pigs were weighed several times during the experiment. Body weights on the day before

weaning, the day before the change of environment and the day before slaughter were used

for calculating average daily (live) weight gains (ADWG). Feed intakewas calculated per pen

by registering the amount of feed given and weighing residual feed at several time points.

Because two pigs died during the experiment, feed intake was expressed per pig per day.

2.6. Pathological examination

Pigs were slaughtered at 22 weeks of age on two successive days per batch, 126 or 127

days after weaning (155.4 � 0.16 days of age). Groups of pen mates were transported in

separate compartments of a lorry to the abattoir where they were placed in separate pens.

Heart, liver and stomach were macroscopically examined after slaughter. The judging of

pathological changes was done without knowledge of the previous treatment of the pigs.

The heart was checked for pericarditis and the occurrence of subepicardial and

subendocardial lesions, inflammations and scar tissue (Hessing et al., 1994a, 1994b). In

pigs, gastric lesions occur most commonly in the non-glandular pars oesophagea, a small

area of the stomach near the oesophagus lined by squamous epithelium (Pfeiffer, 1992).

Stomach wall damage at this area was scored using a six-point scale as described in detail

elsewhere (Hessing et al., 1992). Briefly, 0 = normal pars oesophagea, 1 = minor

hyperkeratosis, i.e. less than 50% of the surface; 2 = severe hyperkeratosis, i.e. more than

50% of the surface; 3 = hyperkeratosis and small lesions, less than 5 and shorter than

2.5 cm; 4 = hyperkeratosis and more than 4 lesions or lesion(s) longer than 2.5 cm;
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5 = hyperkeratosis and more than 10 lesions, lesion(s) longer than 5 cm or ulcer with or

without bleeding or occlusion (stenose) of the oesophagus into the stomach.

2.7. Data analysis

SAS (Statistical Analysis System Institute and Inc., 1989) versions 6.12 and 8.0 were

used for statistical calculations. Prior to analysis, proportions of time spent on various

behaviours were averaged per animal per week. Skewed distributions of proportion were
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Table 1

Ethogram

Behaviour Description

Inactive

Lying with closed eyes Lying on side or belly with eyes closed

Lying with open eyes Lying with eyes open, without performing any other described behaviour

Sitting Sitting or kneeling without performing any other described behaviour

Standing Standing without performing any other described behaviour

Locomotion Walking without performing any other described behaviour

Ingestive behaviour

Eating Eating from food trough or chewing feed

Drinking Drinking from water nipple

Eliminating Defecating or urinating

Comfort behaviour Rubbing body against objects or pen mates, scratching body with hind

leg or stretching (part of) body

Social behaviour

Nosing head Touching or sniffing any part of the head of a pen mate

Nosing body Touching or sniffing any part of the body of a pen mate except the head

Aggressive behaviour

Head knocking Ramming or pushing pen mate with the head, without biting

Biting Ramming or pushing pen mate with head, with biting

Fighting Mutual pushing or ramming, or lifting pen mate

Explorative behaviour

Nosing floor Sniffing, touching or rooting (substrate on) floor without exerting much force

Rooting floor Moving the snout over the floor while rooting disc exerts some force

Exploring fixtures Sniffing, touching, chewing or rooting part of the pen above floor level

Chewing Chewing particles other than feed (e.g. straw, faeces) or vacuum chewing

Manipulative behaviour

Belly nosing Rubbing belly of a pen mate with up and down movements of the snout

Manipulating ears Nibbling, sucking or chewing an ear of a pen mate

Manipulating tails Nibbling, sucking or chewing the tail of a pen mate

Manipulating other Nibbling, sucking or chewing any part of a pen mate, except tail or ears

Play behaviour

Gambolling Running across the pen, occasionally accompanied by nudging pen mate gently

Pivoting Jumping and turning around the body axis

Rolling Lying on back and moving from side to side on the floor

Shaking object Shaking of head while holding material (e.g. straw) that protrudes from mouth



angularly transformed to obtain homogeneity of variances (Sachs, 1984). Effects of and

interactions between the factors Backtest classification (LR or HR), pre-change rearing

environment (barren or enriched), post-change housing environment (barren or enriched) and

week (15 or 19) on behaviour were analysed with a mixed linear model which included sex

and the random effects of batch, pen and animal. Only few interactions between week and the

other factors were found (these are reported in the results section); therefore, behavioural data

are presented as means over the two observation weeks. Rooting and nosing floor were

combined and presented as a single behavioural element ‘Exploring floor’.

Effects of Backtest classification (HR and LR), rearing environment and post-change

housing on weight gain and stomach score were analysed with a mixed linear model in

which sex and random effects of batch and pen were included. Effects of rearing

environment and post-change housing on feed intake and feed-to-gain ratio were analysed

at pen level with a mixed linear model. A generalised linear mixed model with a logit link

and binomial distribution was used to analyse the effects of Backtest classification, rearing

environment, housing and sex on the occurrence of gastric lesions (stomach wall damage

score > 2).

Significant interaction effects were further analysed using post hoc tests with

Bonferroni adjustments for multiple comparisons. Data are presented as means � S.E.M.

In the results section the pre-change and post-change housing environment will be referred

to as ‘rearing environment’ and ‘(actual) housing’, respectively.

3. Results

3.1. Effects of sex on behaviour

Inactivity was higher (P < 0.01) for barrows (67.2 � 1.4% of observations) than for

gilts (63.2 � 1.3%). Gilts showed more exploratory behaviour (P < 0.001) than barrows

(22.2 � 1.1% versus 18.1 � 1.3%, respectively). Barrows spent more time (9.2 � 0.4%)

on ingestive behaviour and elimination (P < 0.05) than gilts (8.1 � 0.3%). No other effects

of sex on behaviour were found.

3.2. Effects of rearing environment, housing and Backtest classification on behaviour

The main behavioural elements that were affected by rearing environment, actual

housing or Backtest classification are shown in Table 2.

Inactivity: Inactivity was affected by actual housing (P < 0.001) and the rearing

environment � actual housing interaction (P < 0.05): EB pigs were less active than all

other groups, including BB pigs. Lying with closed eyes was influenced by the rearing

environment � actual housing interaction (P < 0.05). EB pigs spent more time lying with

closed eyes (51.4 � 1.6%) than all other groups (BB: 42.6 � 1.4%; BE: 39.9 � 1.6%; EE:

39.3 � 1.7%). Lying with open eyes was affected by actual housing (P < 0.001) and

tended to be affected by the rearing environment � actual housing interaction: barren

housed pigs, in particular the BB animals, spent more time on this behaviour than pigs from

enriched housing.
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Table 2

Behaviour of HR and LR pigs from barren (B) and enriched (E) rearing and actual housing conditions

Behaviour (% of obs) Barren (actual) housing Enriched (actual) housing Effects

Barren rearing Enriched rearing Barren rearing Enriched rearing R H RH B BR BH BRH

HR–BB LR–BB HR–EB LR–EB HR–BE LR–BE HR–EE LR–EE

Inactivity 70.1 � 2.1 67.1 � 1.8 72.9 � 1.5 75.0 � 1.6 58.7 � 1.8 57.1 � 2.9 58.0 � 2.1 57.1 � 2.5 ns *** * ns ns ns ns

Lying cl. eyes 43.3 � 2.3 41.9 � 1.8 50.0 � 2.2 52.8 � 2.2 39.9 � 1.8 39.9 � 2.8 38.9 � 2.4 39.8 � 2.6 * *** * ns ns ns ns

Lying op. eyes 26.8 � 0.9 25.2 � 1.0 22.9 � 1.7 22.2 � 1.5 18.8 � 1.1 17.3 � 0.9 19.1 � 1.7 17.3 � 1.5 + *** + * ns ns ns

Aggression 0.20 � 0.07 0.05 � 0.02 0.19 � 0.06 0.11 � 0.06 0.38 � 0.09 0.22 � 0.05 0.24 � 0.08 0.09 � 0.04 ns + ns ** ns ns ns

Exploration 15.0 � 1.4 16.6 � 1.4 13.3 � 1.0 11.2 � 1.0 27.3 � 1.3 28.8 � 2.2 28.2 � 1.8 26.8 � 1.9 ns *** ns ns + ns ns

Expl. floor 6.9 � 0.9 7.7 � 0.8 5.3 � 0.6 5.2 � 0.7 13.6 � 1.1 14.2 � 1.2 15.1 � 1.3 14.2 � 1.3 ns *** * ns ns ns ns

Expl. fixtures 3.5 � 0.4 4.0 � 0.5 3.3 � 0.4 2.7 � 0.3 3.1 � 0.4 2.9 � 0.3 3.0 � 0.3 3.5 � 0.6 ns ns ns ns ns ns ns

Chewing 4.6 � 0.6 4.9 � 0.7 4.7 � 0.6 3.3 � 0.5 10.6 � 0.7 11.6 � 1.4 10.0 � 0.6 9.1 � 0.7 ns *** ns ns * ns ns

Manip. behaviour 1.2 � 0.2 2.2 � 0.2 1.0 � 0.2 1.6 � 0.4 0.4 � 0.1 0.3 � 0.1 0.3 � 0.1 0.6 � 0.2 ns *** ns * ns + *

Play behaviour 0.03 � 0.03 0.01 � 0.01 0.00 � 0.00 0.01 � 0.01 0.15 � 0.05 0.12 � 0.05 0.12 � 0.03 0.35 � 0.10 ns *** ns ns * ns +

Significance of effects of rearing environment (R), actual housing (H), Backtest classification (B) and their interactions (RH, BR, BH and BRH) is indicated: ***P < 0.001;
**P < 0.01; *P < 0.05; +P < 0.10; ns: non-significant. For effects on sitting, standing, locomotion, ingestive behaviour, comfort behaviour and social behaviour: see text.



HR pigs (21.9 � 0.8%) showed more lying with open eyes than LR pigs (20.5 � 0.6%),

irrespective of their rearing or housing environment (P < 0.05). Backtest classification did

not affect lying with closed eyes or total time spent inactive.

3.2.1. Sitting, standing and locomotion

Sitting increased from 15 (1.5 � 0.1% of observations) to 19 weeks of age (1.9 � 0.2%;

P < 0.01). Percentages of time spent sitting (1.5 � 0.1%), standing (1.4 � 0.1%) and

locomotion (0.8 � 0.05%) were unaffected by rearing environment, actual housing or

Backtest classification.

3.2.2. Ingestive and comfort behaviour

Percentage of time spent on ingestive behaviour and elimination (8.5 � 0.2%) was

unaffected by rearing environment, actual housing or Backtest classification. Enriched

housed pigs (EE and BE) showed more comfort behaviour (0.17 � 0.03% versus

0.07 � 0.01% of observations) than pigs from barren actual housing (BB and EB;

P < 0.01).

3.2.3. Social behaviour

Total time spent on social behaviour (0.91 � 0.06%) was not affected by rearing

environment, actual housing or Backtest classification.

3.2.4. Aggressive behaviour

HR pigs displayed more aggression than LR pigs (P < 0.01), irrespective of rearing or

actual housing environment (Table 2). Pigs from enriched actual housing (0.23 � 0.04%)

tended (P < 0.10) to show more aggressive behaviour than pigs from barren actual housing

(0.14 � 0.03%).

3.2.5. Exploratory behaviour

Pigs spent the major part of their active time on exploration. Exploratory behaviour was

affected by actual housing (E > B; P < 0.001) and tended to be affected by the rearing

environment � Backtest classification interaction (P < 0.08). Post hoc analysis revealed

that LR pigs with a barren rearing history tended to spent more time on explorative

behaviour than LR pigs from enriched rearing; this difference was most pronounced within

barren actual housing (Table 2), i.e. LR–EB pigs explored less than LR–BB pigs.

The rearing environment � actual housing interaction (P < 0.05) influenced exploring

the floor. The time spent on this behaviour was similar for EE and BE pigs, whereas EB

pigs showed less exploring the floor than BB pigs (P < 0.05).

Chewing increased from 15 (6.2 � 0.4%) to 19 weeks (8.5 � 0.5%) of age (P < 0.001).

Pigs from barren actual housing showed less chewing than enriched housed pigs

(P < 0.001). Chewing was also affected by the rearing environment � Backtest

classification interaction (P < 0.05): LR pigs from the barren rearing environment, and

particularly the LR–BE pigs (Table 2), spent more time on chewing than LR pigs from

enriched rearing conditions, particularly the EB–LR pigs. Time spent exploring fixtures

(3.3 � 0.1%) was not affected by rearing environment, actual housing or Backtest

classification.
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3.2.6. Manipulative behaviour

Manipulative oral behaviour directed at pen mates mainly consisted of ear biting (30%

of total observations on manipulative behaviour) and manipulating other parts, such as the

paw or flank of a pen mate (58%), whereas belly nosing (8%) and tail biting (4%) were

observed less frequently. Manipulative behaviour was affected by actual housing (B > E;

P < 0.001), Backtest classification (LR > HR; P < 0.05), and the interaction between

rearing environment, actual housing and Backtest classification (P < 0.05). HR–EB and

HR–BB pigs did not differ in time spent on manipulative behaviour, whereas LR–BB pigs

showed more manipulative behaviour than LR–EB pigs.

3.2.7. Play behaviour

Play behaviour consisted of gambolling (28% of total observations on play), frisking

(14%), rolling (39%) and shaking object (28%). Time spent on play was affected by actual

housing (P < 0.001), the interaction between rearing environment and Backtest

classification (P < 0.05) and tended to be influenced by the rearing environ-

ment � housing � Backtest classification interaction (P < 0.07). LR pigs from an

enriched rearing environment, and in particular the LR–EE pigs, spent more time on

play behaviour than the other groups.

3.3. Weight gain and feed intake

Rearing environment and Backtest classification did not affect average daily weight

gain (ADWG) from weaning until the change of environment at 10 weeks of age (HR–B:

577.9 � 16 g; HR–E: 590.2 � 19 g; LR–B: 583.2 � 18 g; LR–E: 561.2 � 12 g). ADWG

in this period was higher for barrows (600.2 � 16 g) than for gilts (567.1 � 10 g),

P < 0.05. Feed intake until the change was not affected by rearing environment (B:

939.7 � 58 g per pig daily; E: 900.9 � 47 g).

ADWG from change to slaughter tended to be affected by the interaction between

rearing environment, actual housing and Backtest classification (P < 0.06). Post hoc

analysis revealed that ADWG tended to be higher for HR–EE pigs than for HR–EB pigs,

whereas the other pigs showed intermediate weight gains (Table 3). Barrows showed a

higher ADWG than gilts in this period (P < 0.001; data not shown).

Feed intake from the change of environment (10 weeks of age) until slaughter tended to

be affected by actual housing (P < 0.06) and the interaction between rearing environment

and actual housing (P < 0.10). Feed intake in EE pens was higher than in EB pens, whereas

feed intake in BB and BE pens did not differ from the other pens. Feed intake to weight gain

ratios did not differ between treatments (Table 4).

3.4. Pathological examination

Pathological examination of the heart after slaughter revealed one pig (0.8%) with

pericarditis. No liver alterations were found. Table 3 presents the average stomach wall

damage scores for all treatment groups. About half of the pigs, 52.5%, had no (code 0,

14.4%) or light damage (code 1 or 2; 38.1%) of the mucosal surface, whereas 47.5% of the

pigs had severe damage including lesions (code 3, 4 or 5). The proportion of pigs with
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Table 3

Weight gain and stomach wall damage of HR and LR pigs from barren (B) and enriched (E) rearing and actual housing conditions

Variable Barren (actual) housing Enriched (actual) housing Effects

Barren rearing Enriched rearing Barren rearing Enriched rearing R H RH B BR BH BRH

HR–BB LR–BB HR–EB LR–EB HR–BE LR–BE HR–EE LR–EE

S weight (kg) 105.0 � 2.3 103.1 � 1.4 101.1 � 2.3 104.4 � 2.2 103.8 � 2.7 104.9 � 3.2 112.3 � 2.3 105.7 � 2.2 ns ns ns ns ns ns *

ADWG C-S (g) 887 � 19 847 � 13 844 � 22 868 � 25 855 � 27 863 � 27 933 � 25 887 � 21 ns ns ns ns ns ns +

Stomach scorea 3.4 � 0.4 3.4 � 0.3 2.9 � 0.4 3.1 � 0.3 1.8 � 0.4 0.8 � 0.3 2.3 � 0.4 1.7 � 0.3 ns *** * ns ns * ns

Gastric lesionsb 60.0 73.3 57.1 73.3 33.3 13.3 40.0 28.6 ns ** ns ns ns * ns

S: slaughter at 22 weeks of age; C: change of environment at 10 weeks of age. Significance of effects of rearing environment (R), actual housing (H), Backtest classification

(B) and their interactions (RH, BR, BH and BRH) is indicated: ***P < 0.001; **P < 0.01; *P < 0.05; +P < 0.10; ns: non-significant.
a For description of stomach wall damage scores, see Section 2.
b Percentage of animals with stomach wall damage score > 2.



gastric lesions (code 3, 4 or 5) was affected by post-change housing (P < 0.01) and the

interaction between housing and Backtest classification (P < 0.05). The proportion of LR

pigs with severe lesions was significantly lower in enriched housing than in barren housing,

whereas in HR pigs the occurrence of gastric lesions was not significantly affected by

housing environment (Fig. 1). Stomach wall damage scores were affected by actual

housing (P < 0.001), the rearing environment � actual housing interaction (P < 0.05) and

the Backtest classification � actual housing interaction (P < 0.05; see Table 3). Stomach

scores did not differ between barrows and gilts (P = 0.46).

4. Discussion

In the present study pigs with diverging Backtest responses (LR and HR pigs)

experienced either a straw-enriched or a barren environment during their first 10 weeks of

life, after which environmental conditions were switched for half of the experimental

animals. Our study shows that the actual availability of a rooting substrate affected
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Table 4

Effects of rearing environment and housing conditions from 10 weeks of age on feed intake and feed-to-gain ratio

Variablea BB (n = 5) EB (n = 5) BE (n = 5) EE (n = 5)

FI C-S per pig daily (kg) 2.18 � 0.07yz 2.13 � 0.04y 2.19 � 0.06yz 2.33 � 0.06z

FI C-S/kg gain 2.55 � 0.09 2.51 � 0.06 2.57 � 0.05 2.54 � 0.04

FI: feed intake; W: weaning; C: change of environment at 10 weeks of age; S: slaughter at 22 weeks of age; BB:

barren rearing, barren actual housing; EB: enriched rearing, barren actual housing; BE: barren rearing, enriched

actual housing; EE: enriched rearing, enriched actual housing. Within a row, means lacking a common superscript

letter differ (y,z: P < 0.10).
a Feed intake was measured and analysed at pen level.

Fig. 1. Percentages of HR (solid bars) and LR (open bars) pigs in different housing conditions with gastric lesions

(stomach wall damage score > 2). Means lacking a common superscript letter differ (P < 0.05).



behaviour patterns more than rearing history. The relative influence of rearing history and

actual housing on behaviour in the finishing phase, pathological lesions of the stomach wall

and weight gain depended to some extent on the individual coping characteristics (LR or

HR) of the pigs under study.

4.1. Behaviour

Housing environment during the finishing period significantly influenced the behaviour

of pigs. Barren housed pigs were less active, showed less play behaviour and explorative

activities like chewing, nosing and rooting, and they spent more time on the oral

manipulation of pen mates than pigs in enriched housing, which is largely in line with other

studies (Beattie et al., 1996; Fraser et al., 1991; Kelly et al., 2000; Lyons et al., 1995).

HR pigs tended to spent more time on lying with open eyes and displayed more

aggression than LR pigs, irrespective of their rearing or housing environment. LR pigs

showed more manipulation of pen mates than HR pigs, in particular in barren housing, and

more play behaviour when kept in enriched pens. These results agree with previous

findings on differently housed HR and LR pigs (Bolhuis et al., 2005a, 2005b).

Pigs with a barren rearing history changed their behaviour markedly when they were

supplied with straw during the finishing phase (BE pigs). Activity, play and explorative

behaviour directed at the environment were increased, whereas the oral manipulation of

pen mates was reduced as compared with pigs that remained in barren housing conditions

until slaughter (BB pigs). Hence, behaviour patterns of pigs with a barren (BE) and an

enriched rearing history (EE pigs) housed in enriched pens during the finishing period were

largely comparable, i.e. it was mainly the actual availability of straw that determined the

activities of the pigs (cf. Day et al., 2002a; Schouten, 1986). Others described, however,

that pigs originating from barren pens when subjected to an enriched environment at a later

age displayed more rooting (Kelly et al., 2000) or general straw-directed behaviour (Bøe,

1993; Ruiterkamp, 1985) throughout the finishing phase than pigs reared in straw-bedded

pens. This was interpreted as a ‘catching up’ or ‘rebound’ effect indicating a heightened

motivation for exploration in the pigs that had been thwarted in the expression of this

behaviour (Ruiterkamp, 1985). Although the BE treatment in the present study induced

similar effects in the short term (Bolhuis et al., in preparation), no clear ‘rebound’ effect

was found (any more) for the total time spent on exploration at 15 and 19 weeks of age.

However, LR pigs that had switched from barren to enriched housing displayed more

chewing and rooting than all other pigs during the finishing period. Time spent on play

behaviour in the enriched environment was, on the other hand, higher in LR pigs from

enriched rearing conditions than in barren reared LR pigs.

In barren housing conditions, the effect of rearing history on behaviour was more clear.

Pigs that had switched from enriched to barren conditions (EB pigs) showed a decrease in

exploration, play and general activity as compared with EE pigs, and an increase in the time

spent on manipulative activities directed at pen mates. Also in comparison with BB pigs,

however, EB pigs were less active (i.e. they spent more time lying with closed eyes during

observations) and showed less exploration of the floor. Thus, the inactivity induced by

barren housing (cf. Beattie et al., 1995; Lyons et al., 1995; Wood-Gush and Beilharz, 1983)

was even higher in pigs with an enriched rearing history. Reduced activity and exploration
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have also been reported to occur in pigs that were regularly subjected to unpleasant

handling during the growing phase (Pearce et al., 1989). Although difficult to interpret,

increased inactivity in the home pen has been suggested to represent an apathetic ‘cut-off’

response by which pigs distance themselves from an aversive environment and thus may be

indicative of reduced welfare (cf. Pearce et al., 1989; Ruiterkamp, 1985; Wood-Gush and

Beilharz, 1983).

Studies investigating the relative importance of early exposure to a barren or enriched

environment for the expression of injurious manipulation of pen mates have yielded

different results. Thus, manipulation of pen mates has been reported to be a consequence of

the actual situation rather than of early experience (Schouten, 1986), whereas others

showed an influence of rearing environment on the occurrence of some manipulative

behaviours (Day et al., 2002a; Ruiterkamp, 1985). Concerning the effects of rearing, on the

one hand, some pig-directed manipulative behavioural elements were shown more

frequently or longer within barren finishing pens by pigs with a barren rearing background,

indicating that part of these behaviours may be learned early in life (cf. Day et al., 2002a;

Ruiterkamp, 1985). The same studies reported, however, that some other manipulative

behaviours occurred more frequently in pigs reared in enriched pens, and it was suggested

that this could be due to altered needs caused by prior experience (Day et al., 2002a;

Ruiterkamp, 1985).

In the present study, the availability of straw during the first 10 weeks of life did not

prevent pigs from redirecting their explorative behaviours to pen mates when exposed to a

barren environment at a later age. The relative contribution of rearing history to the

expression of these behaviours, however, depended on individual characteristics of the

experimental animals. LR–EB pigs manipulated their pen mates less than LR–BB pigs,

whereas rearing conditions did not affect the manipulative behaviour of HR pigs in barren

housing. Notably, some other effects of rearing environment were most evident in LR pigs

as well. LR pigs that changed from barren to enriched housing displayed more chewing

than all other pigs during the finishing period, and, conversely, a change from enriched to

barren housing decreased these explorative behaviours most markedly in LR pigs. This

indicates that not only the effects of actual (in)availability of straw bedding on behaviour

are more obvious in LR than in HR pigs (Bolhuis et al., 2005a), but also the effects of early

experience. These different effects on individuals with diverging coping characteristics

could partly explain why previous studies on the impact of early experience with bedding

material on later behaviour have revealed varying results.

4.2. Weight gain and feed intake

EE groups tended to have a higher feed intake than EB groups, whereas groups

subjected to the other treatments (BE or BB) had intermediate values. Feed-to-gain ratios

did not significantly differ between treatments. Although all groups consisted of three HR

and three LR pigs, the combined effect of rearing and housing environment on feed

consumption was mainly reflected in the average daily weight gain (ADWG) of HR

individuals. Thus, the ADWG of HR–EE pigs was substantially (around 10%) higher than

that of HR–EB pigs, whereas in LR pigs ADWG was similar for all rearing and housing

combinations. In another study, pigs in housing systems with straw ate 6% more food and
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grew 7% faster than pigs in conditions without straw when kept at temperatures within their

thermoneutral range (Lyons et al., 1995). It was suggested that the sustained stress of

barren housing contributed to a reduction in food intake and live weight gain in pigs

without straw (Lyons et al., 1995). This is supported by a study showing that also pigs

provided with inedible enrichment (toys) tended to grow faster than pigs in barren housing

(Schaefer et al., 1990), although others found no effects of toys on weight gain (Pearce

et al., 1989; Pearce and Paterson, 1993). Our study shows that the effect of environmental

enrichment on weight gain may differ for pigs with diverging coping styles.

Studies investigating the growth rate of pigs differing in Backtest response have not

revealed consistent effects. In one study, pigs with higher Backtest scores (HR pigs)

showed a higher weight gain from 9 weeks to slaughter in barren pens than LR pigs (Van

Erp-Van der Kooij et al., 2003), whereas in another study no clear relationship between

Backtest response and weight gain was found (Van Erp-Van der Kooij et al., 2000). The

present results suggest that particularly HR pigs, although their behaviour was less

influenced by rearing and housing than that of LR pigs (see also Bolhuis et al., 2005a; in

press), might respond to a ‘negative’ change in environmental conditions by a reduction in

weight gain (and likely also feed intake).

4.3. Pathology

The prevalence of gastric lesions in pigs varies largely (see Nielsen and Ingvartsen,

2000b; Pfeiffer, 1992). Many factors have been linked to the occurrence of lesions in the

porcine stomach wall, including infectious agents, dietary factors and stress (Geverink

et al., 2003; Guy et al., 2002; Hessing et al., 1992; Lawrence et al., 1998; Nielsen and

Ingvartsen, 2000b; Pfeiffer, 1992). In the present study, the availability of straw bedding

during the finishing period reduced the occurrence of gastric lesions as compared with

barren housing, but this effect was only significant for LR pigs.

Also in other studies straw has been reported to reduce gastric lesions in pigs (Guy et al.,

2002; Nielsen and Ingvartsen, 2000a), although Day et al. (2002b) found no effect of the

daily supply of half a bucket of unchopped straw per pen on stomach wall damage. The

availability of straw may influence erosion of the stomach wall in different ways. First,

straw intake may increase the stomach content firmness, which is known to reduce the risk

of lesions and ulceration (Nielsen and Ingvartsen, 2000b). Second, as stress is clearly a risk

factor in the development of gastric lesions (e.g. Geverink et al., 2003; Hessing et al., 1992;

Lawrence et al., 1998), the stress induced by long-term frustration of the expression of

several behavioural ‘needs’ may have increased the vulnerability for gastric erosion in

barren housed pigs.

In any case, the stomach wall of LR pigs appeared to be more sensitive to the

(in)availability of straw bedding than that of HR pigs. The proportion of LR pigs with

severe lesions was significantly lower in enriched than in barren housing, whereas in HR

pigs proportions were not significantly affected by environmental conditions. This

indicates that LR pigs either react differently or more intensively to the absence or presence

of straw bedding in their home environment than HR pigs, or both. In support of the first

possibility, it has been suggested that LR pigs, given their physiological mode of

responding to stress (see Hessing et al., 1994a), are more likely to develop gastric lesions in
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aversive conditions than HR pigs (Hessing, 1994), but the results of previous studies are so

far inconclusive. Thus, the incidence of gastric lesions was higher indeed in groups

composed of only LR pigs as compared to heterogeneous LR–HR groups and

homogeneous HR groups (Hessing et al., 1994b). Others found, however, no effect of

Backtest classification on stomach wall damage in growing-finishing pigs housed in barren

pens (Hessing et al., 1994a) or in adult gilts subjected to long-term individual housing

(Geverink et al., 2003).

Besides for home pen behaviour and stomach wall damage, also for other variables,

such as reactivity to novel stimuli (Bolhuis et al., 2004) and antibody response to KLH

(Bolhuis et al., 2003) the effects of environmental enrichment were much larger in LR than

in HR pigs. This is in support of the above-mentioned second possibility, i.e. a stronger

influence of the (in)availability of exploratory stimuli on LR pigs. However, although LR

pigs unambiguously showed behavioural and pathological signs of reduced welfare in

barren pens, particularly when they were switched from enriched to barren housing, this

was not reflected in their growth rate. Conversely, rearing and housing influenced

behaviour and gastric pathology of HR pigs less obviously, but their combined effects were

clearly reflected in the growth rate of these animals. It is therefore, difficult to interpret the

diverging effects of rearing and housing environment on pigs with different coping

characteristics in terms of welfare.

In conclusion, the actual environment exerts a greater influence on the behaviour of pigs

than the environment experienced in early life. The relative importance of rearing history

and actual housing on home pen behaviour, gastric lesions and weight gain depend to a

certain extent on coping characteristics (LR or HR) of the pigs under study. When

investigating the effects of environmental factors on pigs, the modulating influence of

individual coping characteristics should be considered.
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