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Introduction: As pigs are exposed to multiple stressors in production systems,

we must understand their ability to be resilient to a range of environmental

challenges to maintain production and welfare. Stress-resilience (SR) is the

capacity to cope with and recover from stressors while maintaining healthy

emotional functioning. In contrast, stress-vulnerability (SV) contributes to and

predicts the onset and persistence ofmood disorders and pathological processes

following exposure to stress.

Methods: 52 focal gilts were identified through a physiological marker (cortisol)

in a previous study to compare resilience to weaning stress and behavioral

responses at weaning. Within pigs’ home pen, we observed agonistic behavior,

non-agonistic social behavior, and daily maintenance behaviors. Behavior was

observed over two 4-hour periods (6 AM to 10 AM): one (D1) and four days post-

weaning (D4).

Results: On D1, SV pigs displayed a higher average frequency of non-injurious

contact behavior (P = 0.0198) compared to SR pigs, while SR pigs exhibited a

significantly longer average duration of lying behavior (P = 0.018) compared to

SV. On D4, SV pigs exhibited a significantly longer duration of fighting behavior

(P = 0.025) on average compared to SR pigs. Additionally, a significant effect of

time on behavioral adaptation patterns was observed. On D1 post-weaning, pigs

spent more time fighting (P < 0.001) and exploring (P < 0.001) and showed more

frequent non-injurious contact (P = 0.029) and drinking behaviors (P < 0.001)

compared to D4. Conversely, on D4, pigs spent more time feeding (P = 0.005)

and lying (P < 0.001) compared to D1.

Discussion: Our findings imply that non-injurious contact and lying behaviors

immediately after weaning and fighting behavior several days later may be

promising indicators of pigs’ ability to be resilient to the stress associated with

weaning. However, to better understand how pigs change their behavior in

response to the stress of weaning, we need standard approaches for measuring
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their behavior and evaluating the degree of change. Understanding behavioral

variation between SR and SV pigs can facilitate the development of resilience

indexes that could be helpful in breeding programs, facilitating the selection of

resilient pigs that overcome challenges associated with weaning.
KEYWORDS

temporal variation, aggressive behavior, social contact, exploration, maintenance
behavior, weaning stress, resiliency
1 Introduction

Modern animal welfare definitions emphasize the fulfillment of

the Five Freedoms, which include freedom from hunger,

discomfort, pain, and distress as well as freedom to express

normal behavior (Farm Animal Welfare Council (FAWC), 1993).

A more recent perspective underscores the significance of the Five

Domains as an evolution of the Five Freedoms (Webster, 2016).

This model introduces a structured methodology for detecting

compromises in four physical and functional domains - nutrition,

environment, health, and behavior – in addition to a single mental

domain that encompasses an animal’s comprehensive welfare state,

particularly in terms of its emotional well-being (Mellor and

Beausoleil, 2015). However, animal welfare also goes beyond that.

Animals should have the ability to adapt to changes (i.e., resilience)

(Colditz and Hine, 2016) and have positive experiences (e.g., social

interaction such as playing, allo-grooming, and non-injurious

contact; ability to perform strongly-motivated natural behaviors

such as exploring, rooting, nesting, foraging, nesting, etc)

(Mellor, 2012).

Resilience refers to an animal’s capacity to cope with and

recover rapidly from disturbances or challenges, ensuring

minimal negative effects, and is regarded as a crucial aspect of

animal welfare (Colditz and Hine, 2016). Since 1960, commercial

pig production has undergone significant changes, leading to many

welfare challenges (Siegford, 2024). These changes have shifted

housing systems from extensive, outdoor systems and high labor

input (family-runs farm) to economically efficient units

characterized by minimal labor input, restricted space allowance,

indoor confinement, high stocking density, and slatted floor

systems with little to no environmental enrichment (Pedersen,

2018; Siegford, 2024). As current husbandry systems often expose

pigs to various stressors different from those they evolved to cope

with, it is essential to enhance their resilience to prevent cumulative

stress and associated health and behavioral issues. Optimizing

resilience is significant for the overall welfare and performance of

farm animals (Colditz and Hine, 2016). Providing producers, who

are responsible for managing overall herd health and overseeing

breeding and reproduction, with information on resilience allows

them to detect instances of compromised resilience and identify the

specific animals involved (Van der Zande et al., 2021). Producers
02
could also use a better understanding of resilience to manage

animals in ways that promotes development of resilience, such as

through social learning or allowing them to strengthen bonds with

other pigs, including their dams (Buckner et al., 2003; Rutter, 2006).

Furthermore, there is evidence of genetic control and heritable

variation related to activity of the hypothalamic-pituitary-

adrenocortical axis in pigs (Mormede and Terenina, 2012; Larzul

et al., 2015). Thus, the capacity to discriminate between pigs

exhibiting stress resilience or stress vulnerability could serve as a

valuable approach for selecting more resilient pigs for future

breeding (Bacou et al., 2017; Luttman et al., 2023).

The main research approaches to measuring welfare in swine

have been through assessing productivity, physical health, and

physiological indicators such as plasma cortisol, heart rate, and

endorphin levels (Hewson, 2003). An alternative metric for the

evaluation of swine welfare involves quantifying the frequency and

duration of positive behavioral states, such as play (Horback, 2023),

as well as negative behavioral states, such as aggressive activity. Due

to their omnivorous diet, complex social systems, and utilization of

multi-modal communication, pigs require multifaceted sensory

stimulation to maintain positive welfare (Horback, 2023).

Extensive research has been conducted on various aspects of

normal behavior and activity in pigs, including social, agonistic

behavior, contact, and daily behavior (Murphy et al., 2014).

Furthermore, numerous studies have investigated the behavioral

stress response of pigs in relation to challenging situations such as

weaning or mixing (Weary et al., 2008). However, no investigation

has been conducted into how pigs’ stress resilience influences their

behavior under stressful conditions.

Physiological changes, such as changes in blood pressure or

heart rate, resulting from the activation of the hypothalamic-

pituitary-adrenal axis (HPA) including the subsequent release of

cortisol, are frequently used as indicators of animal welfare

(Candiani et al., 2008). These physiological parameters have also

been used previously to measure resilience in pigs (Hermesch and

Luxford, 2018). In our present investigation, we utilized the

approach established by Luttman et al. (2023), which developed a

methodology for identifying and characterizing pigs resilient to

social stress using cortisol at several time points, to identify SR pigs,

which rapidly reverted to their pre-stress status within a few days of

weaning, and SV pigs, which failed to exhibit a similar recovery.
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The well-being of animals can be influenced by conditions, and

animal welfare is particularly compromised when animals are

subjected to stressful circumstances (Dwyer and Bornett, 2004).

This study exposed the pigs to an intense stressor, the weaning

process. Pigs are typically weaned between 3 and 5 weeks of age

(e.g., US: ~3-5 weeks of age; EU: ~4-5 weeks of age; Canada: ~3-6

weeks of age), and are sent to market at around 22-26 weeks of age

(or about 6 months). Therefore, market pigs are sent to slaughter

approximately five months after weaning. At weaning, piglets

simultaneously transition from dependence on maternal milk and

living with their litter to new food and social groups. In natural

settings, this process occurs gradually, with decreased milk intake

and increased solid food consumption and the sow introducing her

litter to others in the herd (Weary et al., 2008; Stolba and Wood-

Gush, 1989). However, in commercial farming, both of these

aspects of weaning typically happens abruptly through separation

from the mother, which can lead to high levels of distress behaviors

(Weary et al., 2008). Weaning involves social stress (e.g., maternal

deprivation, social hierarchy stress), environmental stress (new

home pen environment), and abrupt dietary change (from mainly

liquid milk to solid food) in addition to physical (human handling

and approach) and physiological stress (changes in cortisol levels

caused by various stressors). Characterizing behavioral variations

between stress-resilient and stress-vulnerable pigs induced by

weaning stress has the potential to contribute to future breeding

programs by facilitating the selection of robust pigs (Luttman et al.,

2023). Further, this knowledge can be used to develop better

weaning management practices for swine producers, thereby

enhancing overall productivity. Our goal in the present study was

to investigate pigs’ home pen behavior in the nursery, with a specific

focus on examining their behavioral response to and recovery from

weaning stress in relation to physiological resilience. We

hypothesized that pigs exhibiting stress resilience would display

distinct behavioral patterns compared to those showing stress
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vulnerability, with differences in play behaviors and types of

physical contact influenced by time since weaning.
2 Methods

2.1 Animals and housing

We employed the identical animal settings as those utilized in

Luttman et al. (2023). Briefly, pigs were housed at the Michigan

State University Swine Teaching and Research Center located in

East Lansing, MI, USA. These animals consisted of female pigs from

26 litters obtained by crossing parity 2 or 3 purebred Yorkshire

dams with the PIC359 sire line (PIC, Hendersonville, TN, USA).

The selected litters contained at least 5 gilts with an average of 7 gilts

per litter (range: 5-12 gilts). We used three groups of sows

(replicates) that farrowed at different times (Rep 1 = farrowed Sep

12-14, 2021; Rep 2 = farrowed Nov 28 – Dec 3, 2021; Rep 3 =

farrowed March 13-18, 2022). Replicate 1 consisted of 4 litters,

replicate 2 had 13 litters, and replicate 3 included 9 litters. Only one

sex (gilt) was selected to minimize variation since sexually

dimorphic stress responses are common in pigs (Fardisi et al.,

2023; Pluske et al., 2019). At 4 weeks of age, the pigs of each

replicate were weaned by relocating them to identical nursery

rooms and placing them in 1.6m x 1.4m pens (n = 8 pigs/pen)

with metal slatted flooring (Figure 1). For each new social group

created in a nursery pen, groups of 2-3 littermates were included. To

maintain an equal stocking density of 8 pigs/pen across all pens,

non-study females of comparable weights were added to pens as

needed (mean = 8.38 kg; min = 4.95 kg, max = 11.91 kg). Prior to

weaning, piglets were marked on their backs using a non-toxic black

marker for later identification in video analysis.

The pigs were exposed to full LED lighting for 8 hours each day,

followed by 16 hours of reduced lighting provided by auxiliary LED
FIGURE 1

Nursery rooms for housing and observing pigs. Experimental animals were housed in the center two rows (bold outline). Experimental pens were
identical in size. Each pen was assigned a number, with higher numbered pens positioned further from the door to the room. Across all replications,
focal pigs were not placed in pen 1.
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sources. Pigs were given ad libitum access to a diet that met or

exceeded the nutritional requirements for their age and weight.

Water was also available ad libitum, supplied through one nipple

drinker per pen. Prior to the experiment, the pigs underwent

standard handling procedures, which included teeth clipping, ear

notching, tail docking, and iron injection on the second day

post-birth.
2.2 Focal pigs

Fifty-two focal gilts from the litters described above were used.

These animals were selected during a previous study in which our

group selected one stress-resilient (SR) and stress-vulnerable (SV)

pig from each of 26 litters (Luttman et al., 2023). In short, blood was

collected from each gilt from 26 litters (n = 170) on three occasions

surrounding weaning: 1 day before weaning (baseline), on the day

of weaning (acute), and four days after weaning (recovery). For

blood sampling, piglets were restrained on a blood collection table

by two researchers, with a blood collection time median of 59

seconds and an average of 75 seconds. The cortisol levels measured

during the acute and recovery stages for each gilt were converted to

percent changes from baseline values at each stage (Luttman et al.,

2023). For analysis of the gilts’ recovery over time, the difference

between the relative acute and relative recovery values was

calculated as the total recovery value. Gilts were then ranked

based on their total recovery value within each litter. Luttman

et al. (2023) visually evaluated the cortisol response pattern of each
Frontiers in Animal Science 04
gilt within every litter to confirm that the selected focal gilts

accurately represented the intended pattern. The gilt displaying

the highest total recovery value within a litter was designated as the

SR focal pig, while the gilt with the lowest total recovery value was

identified as the SV focal pig (resulting in two focal pigs selected

from each litter). The cortisol levels in all gilts considered for

selection varied from 38 to 210 ng/mL, with an average of 110

+/- 34 ng/mL (Luttman et al., 2023). It is crucial to emphasize that

focal pigs were chosen per litter, given the absence of a specified

‘normal’ or reference range for cortisol levels in pigs, and

considering that both the assay method and the pig breed may

influence cortisol levels. Also of importance is that SR and SV pigs

were of similar weights both during pre- and post-weaning phases

(Luttman et al., 2023).
2.3 Video and data collection

Cameras (4K Motorized Varifocal HD IP Bullet Security

Camera, Lorex, Linthicum, MD) were mounted on the ceilings

above the pens, at least 24 hours before recording. Prior to each

recording, the camera lenses were thoroughly cleaned, and the

connections were carefully inspected to ensure optimal

performance. Recordings were captured and stored using an NVR

system (4K Ultra HD NVR, Lorex, Linthicum, MD). For the present

study, behavioral observations were performed during two 4-h

periods with respect to the weaning day (D0): one day after

weaning (D1) and four days post-weaning (D4). On D1 and D4,
TABLE 1 Ethograms of pigs’ home pen behaviors.

Behavior type Behavior Description

Agonistic behavior

State Fighting

Any activity indicative of agonistic behavior or social conflict. Includes mutual aggressive
interaction between two or more piglets that may result in injuries on the body of one or both
piglets. Agonistic behaviors include: mutual pushing (parallel or perpendicular), biting, chasing,
mounting, head-to-head knocks, head-to-body knocks, ramming or pushing of the opponent
with the head, or lifting others by pushing the snout.

Event Injurious Contact

Contact by one pig results in a negative reaction from the recipient pig, indicating this was a
painful or unpleasant contact behavior.

(Injurious biting) Chewing or biting the ear, tail, vulva, or body part of another pig in a way
that causes a pain withdrawal response or visible skin damage.

(Belly nosing) Nosing, nudging another pig’s belly with repetitive up and down
snout movements

Non-agonistic behavior

Event Non-injurious contact

The recipient should not react negatively to the touch, indicating this was a non-injurious
contact behavior. Touching behavior includes allo-grooming, nosing body, nosing head, nose-to-
nose contact, nosing anogenital and etc.

(Allo-grooming) touching other pig’s head, ears, tail, legs, or rump with nose disk, possibly
including gentle manipulation with snout (nibbling) and mouth but not biting injuriously.

(Nosing body) touching or nudging the body of a pen mate with snout, not including contact
with head, ears, and anogenital region. If repetitive nosing of belly occurs, score as Belly Nosing.

(Nosing head) touching or nudging the head and/or ears of a pen mate with snout.

(Continued)
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videos were watched for 4 hours from 6 AM to 10 AM, and data

were recorded using a continuous sampling method. The analysis

focused on observing behaviors within pigs’ home pen, specifically

agonistic behavior, non-agonistic social behavior, and daily

behavior. The ethogram of target behaviors is presented in Table 1.
2.4 Video decoding

Three decoders collected data from 52 individual focal pigs using

recorded video footage. Prior to starting analysis, all researchers

underwent training to minimize observational errors and enhance

reliability. The Observer XT (Noldus,Wageningen, The Netherlands)

program was utilized for the decoding of behaviors using video

recordings. A test of interobserver reliability was performed half-

way through the video analysis. The interobserver reliability was

calculated using Cohen’s Kappa, resulting in average values of 0.94

for duration and 0.78 for frequency, indicating near perfect and

substantial agreement, respectively.
2.5 Statistical analysis

To assess the effect of stress resilience designation (SR or SV),

the passage of time (Day; D1 and D4) since weaning, and the

interaction of these factors on behavior, a two-way ANOVA with

repeated measures and an incomplete block design was conducted

using R v4.2.1 (R Core Team, 2022). Due to the unbalanced design

of the data, we used the lmer function to fit the model for

continuous data from the lme4 package in R to fit the model with

covariates as block effects. A generalized linear mixed model with a

negative binomial distribution was used to analyze the count data.

We then applied a Type II ANOVA with Wald chi-square tests

using the Anova function from the car package. Wald chi-square
Frontiers in Animal Science 05
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requiring balanced data, though they differ from traditional

ANOVA F-tests. We employed an incomplete block design since

our experimental design was unbalanced (i.e., pens did not include

equal numbers of SR and SV as nursery pen compositions were

determined before the pigs were classified). In this model, a pigs’

stress resilience designation (SR or SV) and time were the fixed

effects. The response variable was pigs’ home pen behavior

(duration or frequency) (as listed in Table 1). Random effects

included pen position, pen composition, litter, and replicate. Pen

composition refers to the unique social group within each pen,

which was different for each repetition while pen position remained

constant. Observations of solitary and social play behaviors on both

D1 and D4 contained excessive zeros, prompting us to assess

whether these data were suitable candidates for a zero-inflated

model. We conducted a goodness-of-fit test using the

testZeroInflation function from the DHARMa package, which

confirmed significant zero-inflation (P < 0.01). As the variables

were continuous, we applied a zero-inflated model assuming a

generalized gamma distribution. This approach reflected the

structure of the data, which we describe as zero-augmented to

capture its characteristics accurately. Figures showing mean and

standard error of the mean (SEM) were generated in R using

grouped summaries derived from the raw data. For each group,

the mean was calculated, and SEM was obtained by dividing the

standard deviation by the square root of the sample size. This

method was consistently applied to both continuous (duration) and

discrete (frequency) data.
3 Results

Our analysis revealed that fighting behavior was influenced by

both factors (stress resilience designation and day) and also
TABLE 1 Continued

Behavior type Behavior Description

Non-agonistic behavior

(Nose-to-nose contact) touching another pen mate’s snout with own snout.

(Nosing anogenital) touching, rubbing, or licking the anogenital region of a pen mate
with snout.

Daily behavior

State Feeding Pig’s mouth and head are in the feeder suggesting ingestion of feed is occurring

State Lying down
Lying on the floor in any posture (sternal or lateral recumbency), may be sleeping (lying with
eyes closed), lying inactive or simultaneously engaged in other behaviors such as interacting
with pen mates, floor, walls or other pen elements while lying.

State Exploring
Investigating surrounding environment by nudging, rooting, sniffing, scratching, or chewing
alone or with one or more pen mates

Event Drinking
Pig’s mouth is seen touching the drinker or head is positioned in such a way that indicates
drinking is occurring

State Playing

(Social play) Scampering, pivoting, running, head tossing, flopping or hopping together with at
least one other pig

(Solitary play) Same actions as above but done on own
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demonstrated that there was a significant interaction effect between

the two factors (Table 2). Pigs with a stress-vulnerable designation

showed a greater duration of fighting behavior compared to those

with stress-resilience designation, with the difference in behavior

duration between the two groups being smaller on D4 than on D1

(Figure 2). Additionally, a tendency for an interaction effect was

observed between the two factors on injurious contact behavior (P =

0.055; Table 2, Figure 3) with injurious contact behavior increasing

over time for SR pigs and decreasing over time for SV pigs.

However, injurious behavior was not affected by stress resilience

designation alone (Table 2) while a tendency was found for

injurious contact to increase from D1 to D4 (P = 0.069,

Table 2, Figure 3).

There were several behaviors including fighting behavior

significantly influenced by the day such as feeding, lying down,

exploring, and drinking behaviors (Table 2). On D1 post-weaning,

pigs exhibited a higher frequency/duration of non-injurious contact,

exploring, and drinking behaviors compared to D4 (Figure 4).
Frontiers in Animal Science 06
However, pigs on D4 showed longer duration of feeding and lying

down behaviors when compared to D4 (Figure 4B).

Due to overconvergence, coefficients could not be estimated for

solitary or social play behaviors based on pigs’ stress designation,

except for social play on Day 4, which did not differ significantly

between SR or SV (P = 0.237).
4 Discussion

4.1 Temporal variations in behavior

The current study revealed significant temporal variations in

the behavioral patterns of pigs following weaning, encompassing
TABLE 2 Behavioral differences by stress resilience designation, day &
stress resilience designation x day interaction.

Behavior Factors Chi-square p-value

Fighting
(Duration)

Stress1 8.975 0.003*

Day 15.532 <0.001*

Interaction 11.881 <0.001*

Injurious
Contact
(Frequency)

Stress 0.114 0.736

Day 3.300 0.069t

Interaction 3.685 0.055t

Non-injurious
Contact
(Frequency)

Stress 0.851 0.356

Day 4.763 0.029*

Interaction 1.775 0.1828

Feeding
(Duration)

Stress 0.341 0.560

Day 7.708 0.005*

Interaction 0.094 0.759

Lying down
(Duration)

Stress 0.346 0.556

Day 16.202 <0.001*

Interaction 0.373 0.541

Exploring
(Duration)

Stress 0.195 0.659

Day 13.549 <0.001*

Interaction 0.054 0.816

Drinking
(Frequency)

Stress 0.416 0.519

Day 77.780 <0.001*

Interaction 0.572 0.449
1 Stress resilience designation (SR and SV) is denoted as ‘Stress’ in the table.
*Significant difference due to factors (stress resilience designation and day) for each behavior,
with P < 0.05 set as threshold for significance.
tTendency for significant differences, with P > 0.05 and < 0.10.
Model intercept estimates, coefficient, and confidence intervals are presented in
Supplementary Table 2.
FIGURE 2

Interaction effects were observed between day and stress resilience
designation for fighting behavior (FT; P = 0.003). Overall, SV pigs
had longer periods of fighting behavior than SR pigs (P < 0.001), and
the difference in the duration of the behavior between the two
groups was smaller on D4 than on D1 (P < 0.001). SR = white bars.
SV = dark gray bars.
FIGURE 3

A tendency for interaction effects was observed between day and
stress resilience designation on frequency of injurious contact
behavior (INC; P = 0.055) as SR pigs performed more injurious
contact over time while SV pigs performed less injurious contact
over time. SR = white bars. SV = dark gray bars.
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fighting, non-injurious contact, feeding, lying down, exploring, and

drinking behaviors. Behavioral patterns in newly weaned piglets

have been extensively investigated, and our findings are in

accordance with the outcomes of previous studies.

Under natural conditions, the process of weaning takes place

gradually in pigs, and it is completed about 16 weeks after birth

(Jensen, 1988). However, under managed conditions, such as in an

intensive production environment, weaning occurs abruptly as

piglets are moved from the farrowing environment to nurseries,

out of contact with their dam. Piglets that undergo abrupt weaning

must deal with a negative energy balance due to a combination of

low intake of solid feed and high levels of activity. Newly weaned

piglets are initially restless in their new environment (Widowski

et al., 2008) and exhibit high levels of aggressive and exploratory

behaviors, which subsequently decline over time (Besteiro et al.,

2018; Bornett et al., 2000). In the current study, we observed more

active behaviors on D1, particularly in behaviors such as fighting,

non-injurious contact, and exploration compared to D4. Less

activity on D4 could be explained in relation to the establishment

of a stable social hierarchy occurring within a few days following
Frontiers in Animal Science 07
weaning, which facilitates the stabilization of activity levels after the

fourth to fifth day post-weaning, as demonstrated in both our

current study and a previous study (Besteiro et al., 2018). This

observation could also potentially be attributed to the higher

durations of lying down on D4 compared to D1 observed in the

present study.

In terms of non-injurious contact behavior, nosing was the

main element of our non-injurious contact behavior category.

Nosing behavior comes in several forms, including gentle touches

(e.g., nose touching any part of another pig as during social

grooming) as well as nose-to-nose contact, and it is involved in

nearly all social interaction among pigs (Camerlink and Turner,

2013). Nosing is often considered to be an affiliative behavior

(Goumon et al., 2020). This behavior is pivotal in strengthening

social bonds through communication, acknowledgment, social

grooming, and the maintenance of dominance relationships

(Spruijt et al., 1992). Hence, it can be postulated that nosing

behavior, serving as an indicator of affiliative or social interaction

behavior, decreased over time as mutual understanding between

individuals increases.

On the other hand, since nosing can take several forms in pigs

(Portele et al., 2019), and these are not always differentiated in

research studies, it can be difficult to determine absolutely if the type

of nosing in each case was likely to be affiliative, neutral, or negative

(Candiani et al., 2008). Furthermore, without a clear indication of

its role in facilitating positive social interactions or stable social

relationships, the underlying motivational reasons and the social

function for the performance of nosing behavior remain unclear

(Camerlink and Turner, 2013; O’Malley et al., 2022). For these

reasons, we examined the recipients’ responses (e.g., no reaction,

negative or positive reaction) to the giver’s behavior in order to

distinguish between non-agonistic behavior and agonistic behavior

as described in the ethogram. However, definitive categorization

was not always possible. Even though we classified the pigs’ nose

contact behavior as non-agonistic behavior, there is a possibility

that it may be a subtle form of agonistic behavior as a previous study

by O’Malley et al. (2022) reported a positive correlation between

nosing behavior and the duration of both total aggression and

initiated aggression. This suggests that nosing behavior could

potentially be categorized as a form of agonistic behavior. Due to

these reasons, nosing behavior can also be considered as an integral

component of fighting behavior, exhibiting similar behavioral

patterns as those observed in fighting behavior. In conclusion, we

need to be cautious in interpreting nosing behavior, as the valence

of this behavior can vary between positive and negative depending

on contextual factors.

There were opposite patterns of activity in feeding and drinking

in the current study. Piglets displayed less feeding behavior on D1 as

compared to D4. Conversely, significantly more drinking behavior

was observed on D1 when compared to D4. There is an agreement

between these findings and the outcomes of earlier studies. A variety

of mechanisms must be in place before weaned piglets can

transition from suckling milk to ingesting solid food, including

the ability to detect, ingest and masticate food (Widowski et al.,

2008). However, despite the fact that piglets possess these abilities

before weaning, intake of solid food is typically very minimal prior
FIGURE 4

Temporal variations in the behavior patterns of pigs following
weaning. (A) On D1, pigs exhibited more instances of drinking (DR;
P < 0.001) and non-injurious behaviors (NIC; P < 0.016) compared
to D4. (B) On D1, pigs showed more exploring behavior (EX; P <
0.001) compared to D4. Less time spent feeding (FE; P = 0.004) and
lying down (LD; P < 0.001) was observed on D1 in comparison to
D4. Day 1 = white bars. Day 4 = dark gray bars.
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to weaning in commercial systems (Widowski et al., 2008).

According to Brooks et al. (1984), during the initial days post-

weaning, piglets exhibited low feed intake, and it takes

approximately 2-3 days after weaning for feed intake to increase

(Dybkjær et al., 2006), while concurrently, water intake was elevated

compared to subsequent days. These observations indicate a limited

negative correlation between drinking and feeding behaviors in the

early post-weaning period. During the transitional phase from a

predominantly liquid milk diet to the assimilation of calories

through solid food, piglets may compensate for their lack of solid

food consumption by ingesting more water to achieve

gastrointestinal fill (Brooks et al., 2001). Additionally, the act of

drinking water via a standard nipple drinker might provide some

satisfaction to the piglets due to similarities in motor patterns to

suckling, which they were familiar with during the nursing period

(Torrey et al., 2009).

Our investigation demonstrated that pigs’ post-weaning

behaviors, such as fighting, non-injurious contact, exploring,

lying-down, feeding, and drinking, followed patterns expected in

a commercial-style environment.
4.2 Exploring the relationship between
behavioral differences and stress resilience

In our study, we found that fighting behavior was related to the

pigs’ physiological stress resilience designation. SV pigs spent more

time in fighting behaviors compared to SR pigs. These findings may

suggest that SV pigs exhibit stress responsiveness more adversely

compared to SR pigs. In commercial pig production settings, a

significant number of pigs experience regrouping with unfamiliar

conspecifics, typically accompanied by relocation to alternative

pens. This mixing of unfamiliar pigs typically leads to intense

fighting to establish a new dominance order (Peden et al., 2018),

which is known to be highly stressful for pigs (CampMontoro et al.,

2021). SV pigs continued to spend more time fighting compared to

SR pigs on D4, which is longer than most pigs take to establish a

hierarchy (Yuan et al., 2004), indicative of an ongoing heightened

stress response. Further research is needed to determine whether

heightened behavioral and physiological (Luttman et al., 2023)

responses in these pigs occur in parallel or whether one precedes

the other. For instance, the increased duration offighting among SV

gilts that persists over time may contribute to a psychological state

of social defeat, consequently affecting their physiological response

and leading to their classification as SV pigs. In a previous study,

Luttman et al. (2023) observed no significant difference in the body

weight of SR and SV pigs during either pre-weaning or post-

weaning growth phases (Luttman et al., 2023). When these pigs

were mixed into new pens, body weight was deliberately considered

to create pens with pigs of similar weight to minimize impacts of

weight on subsequent behavior, such as on aggression as the pigs

established a new social hierarchy. This allowed us to focus more

specifically on impacts of SR and SV or SV status in the pen and to

minimize the confound of differences in weight contributing to

differences in competitive ability.
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4.3 Understanding individual variability and
establishing behavioral benchmarks

Biological parameters (e.g., growth curves, diarrhea scores, and

hematological measurements) have been validated in previous

research assessing weaning resilience (Revilla et al., 2019). Our

results suggest that fighting behavior in the days after weaning is

also a promising behavioral indicator of pigs’ resilience to weaning

stress. However, individual animals act differently for various

reasons, including their unique temperaments, behavioral

strategies, communication styles, formative experiences, and the

unpredictable nature of their environments (von Borell and Raoult,

2024). Understanding these differences is important for studying

animal behavior. Based on previous studies, the most practical

approach to evaluating variability involves establishing a

benchmark for comparison with behavior (Smith, 1960). At

present, precise interpretation of post-weaning behavioral changes

in pigs presents challenges due to the absence of defined

benchmarks distinguishing healthy coping responses from

unhealthy manifestations of these behaviors. Thus, there is a

necessity to establish adaptive, healthy behavioral ranges for

comparative analysis and establishing a connection to degrees and

types of stress experienced by pigs and their overall resilience.

Furthermore, this approach could enable the selection of resilient

pigs for future breeding and more accurate assessment of welfare.
5 Conclusion

We conducted this study primarily to investigate pigs’ behavior

in the home pen, focusing on their behavioral response to and

recovery from weaning stress over time and relating it to their

physiological resilience (SR and SV). Behaviors such as fighting,

non-injurious contact, lying down, exploring, feeding, and drinking

changed in ways that could indicate that the social hierarchy of

piglets became more stable over time and indicate adaptation to

post-weaning life. However, observed behaviors were not associated

with stress resilience designation, except for fighting behavior.

These findings indicate that fighting behavior in the days after

weaning is a promising behavioral indicator of resilience to weaning

stress. However, the behavioral changes of pigs as they adapt to and

recover from stresses associated with weaning can be difficult to

interpret due to the variability in their behaviors. Therefore, the

comprehension of this variability holds significance in the

examination of animal behavioral patterns. To evaluate

variability, it is essential to formulate a benchmark for behavioral

comparison and define a targeted behavioral range for

distinguishing between healthy adaptive responses and unhealthy

expressions. It may also be worthwhile to establish a correlation

between behavioral benchmarks and stress levels in pigs. By

developing a method to evaluate behavioral patterns relating to

the resilience of piglets to weaning, we would be able to better

understand how these differ between SR and SV pigs and provide

ethologically meaningful aspects that would be useful in helping to

assess their adaptation after weaning.
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Dyadic affiliative preferences in a stable group of domestic pigs. Appl. Anim. Behav. Sci.
230, 105045. doi: 10.1016/j.applanim.2020.105045

Hermesch, S., and Luxford, B. G. (2018). “Genetic parameters for white blood cells,
hemoglobin and growth in weaner pigs for genetic improvement of disease resilience,”
in Proceedings of the 11th World Congress on Genetics Applied to Livestock Production.
Auckland, New Zealand: WCGALP

Hewson, C. J. (2003). What is animal welfare? Common definitions and their
practical consequences. Can. Veterinary J. 44, 496.

Horback, K. (2023). Nosing around: Play in pigs. Anim. Behav. Cogn. 2, 186.
doi: 10.12966/abc.05.08.2014

Jensen, P. (1988). Maternal behavior and mother—young interactions during
lactation in free-ranging domestic pigs. Appl. Anim. Behav. Sci. 20, 297–308.
doi: 10.1016/0168-1591(88)90054-8

Larzul, C., Terenina, E., Foury, A., Billon, Y., Louveau, I., Merlot, E., et al. (2015). The
cortisol response to ACTH in pigs, heritability and influence of corticosteroid-binding
globulin. Animal 9, 1929–1934. doi: 10.1017/S1751731115001767

Luttman, A. M., Lee, B., Siegford, J. M., Steibel, J. P., Raney, N. E., and Ernst, C. W.
(2023). Characterizing resilience to weaning stress and its associations with behavioral
differences in finishing gilts. Appl. Anim. Behav. Sci. 263, 105940. doi: 10.1016/
j.applanim.2023.105940

Mellor, D. J. (2012). Animal emotions, behavior and the promotion of positive
welfare states. New Z. Veterinary J. 60, 1–8. doi: 10.1080/00480169.2011.619047

Mellor, D. J., and Beausoleil, N. J. (2015). Extending the ‘Five Domains’ model for
animal welfare assessment to incorporate positive welfare states. Anim. Welfare 24,
241–253. doi: 10.7120/09627286.24.3.241

Mormede, P., and Terenina, E. (2012). Molecular genetics of the adrenocortical axis
and breeding for robustness. Domest. Anim. Endocrinol. 43, 116–131. doi: 10.1016/
j.domaniend.2012.05.002

Murphy, E., Nordquist, R. E., and van der Staay, F. J. (2014). A review of behavioral
methods to study emotion and mood in pigs, Sus scrofa. Appl. Anim. Behav. Sci. 159, 9–
28. doi: 10.1016/j.applanim.2014.08.002

O’Malley, C. I., Steibel, J. P., Bates, R. O., Ernst, C. W., and Siegford, J. M. (2022). The
Social Life of Pigs: Changes in affiliative and agonistic behaviors following mixing.
Animals 12, 206. doi: 10.3390/ani12020206
Frontiers in Animal Science 10
Peden, R. S., Turner, S. P., Boyle, L. A., and Camerlink, I. (2018). The translation of
animal welfare research into practice: The case of mixing aggression between pigs. Appl.
Anim. Behav. Sci., 204, 1–9. doi: 10.1016/j.applanim.2018.03.003

Pedersen, L. J. (2018). “Overview of commercial pig production systems and their
main welfare challenges,” in Advances in pig welfare (Cambridge, UK: Woodhead
Publishing), 3–25.

Pluske, J. R., Miller, D. W., Sterndale, S. O., and Turpin, D. L. (2019). Associations
between gastrointestinal-tract function and the stress response after weaning in pigs.
Anim. Production Sci. 59, 2015–2022. doi: 10.1071/AN19279

Portele, K., Scheck, K., Siegmann, S., Feitsch, R., Maschat, K., Rault, J. L., et al. (2019).
Sow-piglet nose contacts in free-farrowing pens. Animals 9, 513. doi: 10.3390/
ani9080513

R Core Team. (2022). R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.

Revilla, M., Friggens, N. C., Broudiscou, L. P., Lemonnier, G., Blanc, F., Ravon, L., et al.
(2019). Towards the quantitative characterization of piglets’ robustness to weaning: a
modeling approach. Animal 13, 2536–2546. doi: 10.1017/S1751731119000843

Rutter, M. (2006). Genes and behavior: Nature-nurture interplay explained. Oxford,
UK: Blackwell Publishing

Siegford, J. M. (2024). “Precision livestock farming and technology in pig husbandry,”
in Advances in pig welfare (Cambridge, UK: Woodhead Publishing), 449–469.

Smith, J. M. (1960). Continuous, quantized and modal variation. Proc. R. Soc.
London. Ser. B. Biol. Sci. 152, 397–409. doi: 0.1098/rspb.1960.0047

Spruijt, B. M., Van Hooff, J. A., and Gispen, W. H. (1992). Ethology and
neurobiology of grooming behavior. Physiol. Rev. 72, 825–852. doi: 10.1152/
physrev.1992.72.3.825

Stolba, A., and Wood-Gush, D. G. M. (1989). The behavior of pigs in a semi-natural
environment. Anim. Sci. 48, 419–425. doi: 10.1017/S0003356100040411

Torrey, S., Devillers, N., Lessard, M., Farmer, C., and Widowski, T. (2009). Effect of
age on the behavioral and physiological responses of piglets to tail docking and ear
notching. J. Anim. Sci. 64, 1778–1786. doi: 10.2527/jas.2008-1354

Van der Zande, L. E., Guzhva, O., and Rodenburg, T. B. (2021). Individual detection
and tracking of group housed pigs in their home pen using computer vision. Front.
Anim. Sci. 2, 669312. doi: 10.3389/fanim.2021.669312

von Borell, E., and Raoult, C. M. (2024). “Stress in pigs: History, assessment, and
interpretation,” in Advances in Pig Welfare (Cambridge, UK: Woodhead Publishing), 49–67.

Weary, D. M., Jasper, J., and Hötzel, M. J. (2008). Understanding weaning distress.
Appl. Anim. Behav. Sci. 110, 24–41. doi: 10.1016/j.applanim.2007.03.025

Webster, J. (2016). Animal welfare: Freedoms, dominions and “a life worth living.
Animals 6, 35. doi: 10.3390/ani6060035

Widowski, T. M., Torrey, S., Bench, C. J., and Gonyou, H.W. (2008). Development of
ingestive behavior and the relationship to belly nosing in early-weaned piglets. Appl.
Anim. Behav. Sci. 110, 109–127. doi: 10.1016/j.applanim.2007.04.010

Yuan, Y., Jansen, J., Charles, D., and Zanella, A. J. (2004). The influence of weaning
age on post-mixing agonistic interactions in growing pigs. Appl. Anim. Behav. Sci. 88,
39–46. doi: 10.1016/j.applanim.2004.01.012
frontiersin.org

https://doi.org/10.1017/S0962728600028402
https://doi.org/10.2527/2006.843702x
https://doi.org/10.2527/2006.843702x
https://doi.org/10.1038/s41598-023-42553-9
https://doi.org/10.1016/j.applanim.2020.105045
https://doi.org/10.12966/abc.05.08.2014
https://doi.org/10.1016/0168-1591(88)90054-8
https://doi.org/10.1017/S1751731115001767
https://doi.org/10.1016/j.applanim.2023.105940
https://doi.org/10.1016/j.applanim.2023.105940
https://doi.org/10.1080/00480169.2011.619047
https://doi.org/10.7120/09627286.24.3.241
https://doi.org/10.1016/j.domaniend.2012.05.002
https://doi.org/10.1016/j.domaniend.2012.05.002
https://doi.org/10.1016/j.applanim.2014.08.002
https://doi.org/10.3390/ani12020206
https://doi.org/10.1016/j.applanim.2018.03.003
https://doi.org/10.1071/AN19279
https://doi.org/10.3390/ani9080513
https://doi.org/10.3390/ani9080513
https://doi.org/10.1017/S1751731119000843
https://doi.org/0.1098/rspb.1960.0047
https://doi.org/10.1152/physrev.1992.72.3.825
https://doi.org/10.1152/physrev.1992.72.3.825
https://doi.org/10.1017/S0003356100040411
https://doi.org/10.2527/jas.2008-1354
https://doi.org/10.3389/fanim.2021.669312
https://doi.org/10.1016/j.applanim.2007.03.025
https://doi.org/10.3390/ani6060035
https://doi.org/10.1016/j.applanim.2007.04.010
https://doi.org/10.1016/j.applanim.2004.01.012
https://doi.org/10.3389/fanim.2024.1461526
https://www.frontiersin.org/journals/animal-science
https://www.frontiersin.org

	Assessing the relationship between pigs’ stress resilience and their behavior in response to weaning
	1 Introduction
	2 Methods
	2.1 Animals and housing
	2.2 Focal pigs
	2.3 Video and data collection
	2.4 Video decoding
	2.5 Statistical analysis

	3 Results
	4 Discussion
	4.1 Temporal variations in behavior
	4.2 Exploring the relationship between behavioral differences and stress resilience
	4.3 Understanding individual variability and establishing behavioral benchmarks

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Author disclaimer
	Supplementary material
	References


