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Individual laying hens within the same group show variation in their

temperament traits and cognitive learning abilities, which can be affected by

both their early rearing experiences and housing environments. Hens also have

distinct individual patterns of movement within housing systems that may

correlate with temperament and cognition. Individual behavioral tests can

measure treatment impacts, but social dynamics may impact on an

individual’s behavior. The aims of this perspective piece are to provide further

evidence of pen-level variation using original data on social ranging patterns

and fear assessment of free-range hens exposed to different, enriched rearing

environments; and to encourage more studies to consider pen replicate

variation as a means to better understand causes and mechanisms. A

literature review showed that, while most published studies over the past

decade assessing individual laying hen behavior included group-level

replication (i.e., 83% of 54 articles reviewed), almost none considered inter-

pen variation. The original data analysis of individual hens’ range use recordings

showed significant treatment pen replicate variation in pop-hole following

movements and hen–pair associations in the time spent together inside or

outside. Significant inter-pen variation was also seen in tonic immobility tests

on a subset of hens from the same study. Pen-level replication is important for

scientific validity and for improving our understanding of why commercial

flocks in the same environment can be so variable in their behavior to inform

management practices. Further research could help to understand the

mechanisms behind why groups of hens reared and housed in the same

environments will show significant inter-group variation.
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1 Introduction

Laying hens within the same group can show individual

variation in temperament traits such as fear, anxiety, and

boldness, as well as individual variation in their cognitive learning

abilities (de Haas et al., 2017a, b; Campbell et al., 2019; Ghareeb

et al., 2008; Rentsch et al., 2023). Individual hens within a loose

housing system will have distinct, consistent behavioral patterns of

movement and resource use, such as where they spend their time

across the day in an aviary system (Campbell et al., 2016a;

Montalcini et al., 2023a, b) or whether or not they range outside

in a free-range system (Campbell et al., 2020; Gómez et al., 2022).

These individual resource use patterns have been shown to correlate

with temperament traits and cognition (Campbell et al., 2016b;

Campbell et al., 2018a; Kolakshyapati et al., 2020; Campbell et al.,

2021). However, it is still not clear as to whether pre-existing traits

cause variation in, for example, ranging behavior, or if increased

range use can then modify an individual hen’s temperament and

cognition. Temperament traits and cognitive processes are

manipulable. They can vary depending on the history of the

individual hen, such as the complexity of the developmental

environment they were exposed to, early stressful experiences,

access to specific environmental resources, and lighting

conditions (Sobotik et al., 2020; Hedlund et al., 2021; Dumontier

et al., 2023; Skånberg et al., 2023). Behavioral tests of temperament

and cognition can be valid measures of the impacts of housing and

management variation on these individual laying hen traits.

However, laying hens are social animals and this must also be

considered when interpreting individual behavioral assessments.

Laying hens engage in conspecific interactions, such as gentle

and aggressive pecking (Michel et al., 2022), and exhibit group-level

synchronous behaviors, such as dust bathing and ranging

(Campbell et al., 2018b; Grebey et al., 2020). They may establish

dominance hierarchies in certain group sizes. Aggression was

shown toward unfamiliar over familiar individuals in a group size

of 10, but not when the group held 120 birds (D’Eath and Keeling,

2003). In contrast, Grethen et al. (2023) found similar social

hierarchies in groups of 20 and 120 individuals, and these

changed across bird age. Large groups (thousands of individuals)

may not form hierarchies due to the energetic costs of aggression

toward many unfamiliar individuals (Zimmermann et al., 2006).

However, subgroups of birds have been observed in localized areas

of housing systems holding several hundred individuals (Odén

et al., 2000), and there is evidence of preferential conspecific

social associations across time (Campbell et al., 2018b; Gómez

et al., 2022). The social dynamic of a particular group of laying

hens may thus have an impact on the behavioral patterns and

resource use exhibited by the hens, or vice versa.

Social dynamics can also affect the aggression and stress

experienced by individuals within a group (Nicol et al., 1999; de

Haas et al., 2012; Carvalho et al., 2018). The presence of a fearful

individual can increase the stress experienced by other individuals

in the group (de Haas et al., 2012), and strain mixing showed

individual fear was increased when a higher fear strain was mixed

with a lower fear strain (Uitdehaag et al., 2008). Social contagion of
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behavioral and physiological arousal has been demonstrated in

chicks exposed to a mild stressor (Edgar and Nicol, 2018). Thus,

pens and flocks of hens may vary in temperament and cognitive

traits because of social influences. Detailing how group social

interactions may impact an individual hen’s behavioral patterns,

temperament traits, and cognitive abilities could improve our

understanding of why group- or flock-based variation exists. This

has implications for research validity as well as managing flocks in a

commercial setting.

The aims of this perspective piece are twofold. Firstly, to provide

further evidence of pen level variation using original data on social

ranging patterns in an experimental free-range system, including how

the social patterns were affected by rearing conditions as well as pen

level variation in a temperament trait assessment. Secondly, to

encourage more studies in the future to consider the variation

among pen replicates both in their experimental design and results

interpretations. This will build greater evidence and understanding of

what may cause behavioral, temperament, and cognitive variation

among pens and ensure the validity of future research.
2 Materials and methods

2.1 Literature review

A literature review was first conducted to determine how many

published studies assessing laying hen behavior at the individual

level included replication at the group (i.e., flock or pen) level. The

summary of layer behavioral test studies was compiled across 54

articles, which were found through multiple online database

searches across a time frame from January 2013 to June 2023

(further selection details are provided in the Supplementary

Material). The selected articles investigated a treatment effect on

laying hen behavior, as measured across individual behavioral tests

of fear, anxiety, coping styles, or cognitive processes (learning and

cognitive bias). The papers included only studies that housed birds

of any age in groups of at least three. The papers were each reviewed

to detail the treatment effect being tested, the age of the birds, the

behavioral tests applied, flock/pen group size, whether or not

replicates were included (simultaneously or sequentially), and, if

replicates were present, how they were accounted for in the analyses

(i.e., as random or fixed effects in the models or not included) and

thus in the results interpretation.
2.2 Laying hen study

2.2.1 Ethics statement
This animal experimental research was approved by the Animal

Ethics Committee (AEC17–092) of the University of New England,

Armidale, NSW, Australia.
2.2.2 Animals and housing
The social movement pattern data were obtained from

radiofrequency identification (RFID) range-use recordings from a
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flock of free-range hens that had been reared in different enriched

environments. The full experimental housing details for this study

have been reported elsewhere (Campbell et al., 2020; Bari et al.,

2021) and so are presented in brief here.

The Hy-Line® Brown layers (n = 1,386) were reared for 16 weeks

indoors and then subsequently housed in a free-range facility until 65

weeks of age. The commercially obtained, beak-trimmed, 1-day-old

chicks (n = 1,700) were reared in nine visually isolated floor-litter

pens (6.2 m long × 3.2 m wide) across three separate rooms that

differed only in the enrichment treatments (one replicate/room): (1) a

“control” floor-litter-only group; (2) a “novelty” group, with weekly

changed novel objects (e.g., balls, bottles, bricks, and strings); and (3)

a “structural” group with five custom-designed H-shaped perching

structures (0.60 m long, wide, and high) comprising two solid panels

and one open-framed side that could be placed in different

orientations. At 16 weeks, the pullets were transferred to one free-

range shed containing nine pens and socially remixed within rearing

treatment pen replicates (n = 154/pen; three replicates/rearing

treatment). The indoor floor-litter pens were of the same

configuration and visually isolated from each other (see Campbell

et al., 2020 for a pen schematic, including the range area). Each

indoor pen was connected to a visually separated outdoor range

accessible via two pop-hole openings (18 cm wide × 36 cm high). The

pop-holes first opened when the hens were 25 weeks of age thus

allowing daily outdoor access from 09:15 to until after sunset.

2.2.3 RFID system and data
All hens were banded with microchips [Trovan® Unique ID

100 (FDX-A), with an operating frequency of 128 kHz] fixed into

adjustable leg bands (Roxan Developments Ltd., Selkirk, UK). The

RFID systems were set up in the indoor pens (see Campbell et al.,

2017 for further details). The systems recorded the time and date of

each hen passing through the pop-hole, including the travel

direction (onto the range or into the pen). The daily individual

ranging data from 25 weeks to 64 weeks of age (272 days) were

grouped into the first 50 days of available ranging and the last 100

days. The data were used to measure pop-hole following behavior

and hen pair associations. The ranging data across the 45 days from

56 weeks to 62 weeks of age were used to select individuals for tonic

immobility testing (see Tonic immobility test protocol and data).

2.2.4 Measuring pop-hole following scores
Pop-hole following behavior was observed by Campbell et al.

(2018b). The authors reported that hens were more likely to follow

the movement of other hens when moving outside to the range or

back inside the shed. Using the first 50 days and the last 100 days of

available ranging, pop-hole following behavior was quantified for

individual birds based on the protocol used by Campbell et al.

(2018b). Pop-hole following was quantified as the number of

movements in the same direction as the previous moving hen,

which was calculated as a percentage of the total number of

movements that the hen exhibited. These percentages of pop-hole
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following are presented as median values per pen within each rearing

treatment group separately for the first 50 days and the last 100 days,

as well as the percentage of hens within the group showing following

behavior more frequently than what would be expected randomly.

The following behavior was strongly skewed, partly due to some hens

having many more movements than others, so the comparison of

pens and treatments in percentages of pop-hole following was carried

out using a Kruskal–Wallis test in R (R Core Team, 2015).
2.2.5 Measuring associations between pairs of
hens in time together

Based on the analysis protocol detailed in Campbell et al.

(2018b), the daily individual bird data across the first 50 days and

the last 100 days, were used to measure four variables around the

time spent together for every possible pair of hens, A and B.
1. Total time when both hens were outside as a % of the time

when A was outside.

2. Total time when both hens were outside as a % of the time

when B was outside.

3. Total time when both hens were inside as a % of the time

when A was inside.

4. Total time when both hens were inside as a % of the time

when B was inside.
These time measurements when combined provide an accurate

measure of the mean percentage of overlap time for each pair of

hens, accounting for hens that may spend a lot of time inside or

outside, and, thus, would have high levels of overlap with many

other hens. The mean association percentages are displayed for each

pen within each rearing treatment separately for the first 50 days

and the last 100 days. The time together for pairs of hens followed

an approximately normal distribution, so pens within treatments

and treatments were compared using Student’s t-tests in R (R Core

Team, 2015) for each pair of groups.
2.2.6 Tonic immobility test protocol and data
From 62 weeks to 63 weeks of age, a subset of birds from each

pen and each rearing treatment were selected for behavioral testing,

as described in Bari et al. (2021). Across all pens, 135 individuals

were selected as “indoor” (no ranging) or “outdoor” (daily ranging

for the longest time) across all treatment groups (44 control group

hens; 45 novelty group hens; and 46 structural group hens). The

individual testing of tonic immobility by a single, trained

experimenter occurred within a separate room at the same

facility. The variation between the individual pens in tonic

immobility duration is presented in this article (treatment means

were presented in Bari et al., 2021). The log10-transformed

durations were analyzed using a general linear model, with the

fixed effect of “pen” in JMP® 17.0.0 software (SAS Institute, Cary,

NC, USA).
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3 Results

3.1 Literature review

Of the 54 articles that were reviewed (see Supplementary

Material for the full results of the review), a range of treatments

were assessed, such as rearing environmental enrichment/

environmental complexity (e.g., cage versus aviary housing, music

playback, and dark brooders), strain effects, maternal effects, range

use, hatchery stress, and lighting environment (all treatments are

listed in the Supplementary Material). The testing ages ranged

throughout pullet rearing and adulthood, with some studies

including both male and female chicks, or the presence of male

adults as a treatment condition. The group size per replicate was

three birds up to 18,000 birds for a study that replicated flocks.

Different individual tests were applied such as tonic immobility,

manual restraint, open field, novel object, novel arena, human

approach, social isolation, spatial navigation, and judgment bias.

Across the 54 articles, there were seven that had no pen replication

at all, two studies with no replicates but the strains were mixed

within the single pen, and then a further four studies with partial

replication across the study period. Thus, in total, 83% of articles
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reviewed did include some or full pen replication. However, only

one study statistically investigated differences between the pens in

behavioral test results with all other studies accounting for the pen

as a random factor (if that information was explicitly stated).
3.2 Pop-hole following and
hen associations

Table 1 shows the median percentages of pop-hole following for

the first 50 days when the hens were adapting to the pens, and for

the last 100 days, when the hen movements were relatively stable in

each pen. Random movements would generate pop-hole following

of 50.5% and thus the results indicate that the hens were exhibiting

following in their ranging patterns. Random following behavior is

slightly greater than 50% because all of the first and last movements

each day must be in the same direction, as hens move out to the

range at the start of the day, and inside at the end of the day. For the

first 50 days, several groups had a very low number of movements

for some hens, resulting in 0% or 100% following for these hens.

Therefore, the medians and the percentage of the hens with greater

than 50.5% following give a better indication of the behavior of the
TABLE 1 The median percentages of pop-hole following behavior, percentages of the hens in the pen showing greater than 50.5% pop-hole
following, and the 50th and 90th percentile of time spent together inside and outside for all pairs of hens for the first 50 days and the last 100 days of
radiofrequency identification tracking of individual hen range usage across a flock cycle.

First 50 days Last 100 days

Pen/
treatment1

Median
%

pop-hole
following

>
50.5%
Follow

%

50th

percentile
hen

associations

90th

percentile
hen

associations

Median
%

pop-hole
following

>
50.5%
Follow

%

50th

percentile
hen

associations

90th

percentile
hen

associations

1-C 55.6 72.1 48.51% 56.57% 61.7 95.6 54.18% 61.93%

4-C 58.1 80.0 49.48% 56.23% 61.1 91.5 53.63% 63.95%

7-C 60.4 90.1 50.35% 55.18% 61.6 90.9 51.71% 62.59%

2-N 58.6 78.5 48.38% 55.46% 62.0 90.8 52.46% 61.95%

5-N 54.1 69.7 46.63% 55.51% 60.7 93.7 52.02% 61.79%

8-N 58.3 84.4 49.05% 54.88% 63.3 95.7 54.36% 62.15%

3-S 58.3 87.4 49.75% 56.32% 61.7 93.2 55.17% 63.09%

6-S 58.1 84.0 50.26% 56.72% 62.8 94.2 57.91% 65.67%

9-S 61.4 92.0 49.89% 55.70% 63.9 98.6 58.87% 68.14%

Treatment2

Control 58.7 81.4 49.4% 56.0% 61.6 92.7 53.2% 62.85%

Novelty 57.1 77.9 48.0% 55.3% 62.0 93.5 52.9% 62.0%

Structural 59.1 87.9 50.0% 56.2% 62.8 95.4 57.3% 65.6%
1Significant differences (all p-values were < 0.001) as evaluated by Kruskal–Wallis tests between pens within treatments for the percentages of pop-hole following behavior, except for the control
pens in the last 100 days (p > 0.05), and significant differences (all p-values were < 0.01) as evaluated by Student’s t-tests between pens within treatments for the percentages of hen associations,
except for the structural pens in the first 50 days (p > 0.05).
2Significant differences as evaluated by Kruskal–Wallis tests between the treatments at both 50 days and 100 days for the percentages of pop-hole following behavior (both p-values were < 0.001)
and significant differences between the treatments as evaluated by Student’s t-tests in percentages of hen associations at both 50 days and 100 days (both p-values were < 0.001).
The percentages are presented per pen within three rearing enrichment treatment groups (C = control; N = novelty; S = structural) and overall per-rearing treatment.
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majority of hens. Over the last 100 days about 90% of all hens

exhibited this following behavior, with more than half of their

movements following a previous hen, illustrating the change in pop-

hole following across time. Within the rearing enrichment

treatment groups, there were significant differences between the

pen replicates in the pop-hole following values (all p-values were <

0.001 except for control pens in the last 100 days when the p-value

was > 0.05). Across the first 50 days, 7-C and 9-S showed the most

pop-hole following, with 8-N and 9-S showing the most in the last

100 days (Table 1).

Table 1 also shows the median percentage of time that hens

spent with other specific hens, based on the time both inside and

outside for the first 50 days and the last 100 days. Random

movements result in time together of very close to 50%, which

aligns with the 50th percentile values shown within the first 50 days.

The 90th percentile of time together indicates pairs of hens that

chose to spend time together, both inside and outside. Across the

first 50 days, the values suggest there were few pairs of hens that

spent time together. However, for the last 100 days, the median time

together is above 50% and the 90th percentile is higher, indicating

that there were pairs of hens that spent time together, both inside

and outside. There were significant differences (all p-values were <

0.01) between pens within the treatments for percentage of hen

associations, except for the structural pens in the first 50 days (p >

0.05). The values between the pens within the rearing enrichment
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treatment groups showed the lowest 90th percentile value in 8-N

across the first 50 days, and the highest 90th percentile value in 9-S

across the last 100 days (Table 1). There were also significant

differences between the treatments in percentages of hen

associations at both 50 days and 100 days (both p-values were <

0.001). The least significant difference between the pens within the

treatments was 1.8% and between the treatments was 1.1%.
3.3 Pen variation in tonic immobility

In the results comparing rearing treatment and ranging

behavior presented in Bari et al. (2021), there were no significant

effects of either variable or their interaction on the duration of tonic

immobility. Figure 1 illustrates the variation at the pen level

showing the significant differences between flocks of birds (F(8,8)
= 2.49, p = 0.02).
4 Discussion

This perspective considers the importance of pen replication in

the assessment of individual laying hen behavior due to the

potential group-level social dynamic impacts. The individual

range use patterns from hen groups in an experimental free-range
FIGURE 1

The significant (p < 0.02) pen-level variation for the mean (± SEM) duration of tonic immobility. The pens were from the three rearing enrichment
treatment groups (i.e., control, novelty, and structural) and comprised outdoor (ranging) and indoor (no ranging) hens. The raw data are presented
with the analyses conducted on transformed data. There were no significant effects of rearing treatment or ranging on tonic immobility duration, as
presented in Bari et al. (2021).
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setting illustrated the different dynamics within a specific group of

hens, including how it may change over time and be influenced by

developmental conditions. Inter-pen variation was also seen in a

behavioral test of fear that was conducted on a subset of the birds.

Scanning published articles over the past decade showed that,

although the majority of behavioral test studies replicated pens

and/or flocks, there were still studies that considered individual-

level differences to quantify treatment effects with only a single

replicate per treatment. It is suggested that a single replicate cannot

be an accurate representation of a particular treatment, given the

potential for social influences on the behavior, temperament, and

cognitive processes of the birds.

The results of the inter-flock differences in behavioral patterns

illustrated in the data presented in this perspective are supported

by inter-pen differences that were highlighted in some of the

authors’ previous studies looking at hen social ranging

interactions and range usage (Campbell et al., 2017; Campbell

et al., 2018a, c). In the behaviors analyzed, including the mean daily

time spent on the range by individual hens, mean daily number of

visits to the range, mean visit duration, number of hens on the

range simultaneously, and percentage of available days that the

range was accessed, there were significant inter-pen differences

more often than treatment differences (Campbell et al., 2017;

Campbell et al., 2018c). Furthermore, inter-pen variation was

also previously shown in the same measures as applied in the

current study in the percentages of the time hen pairs spent

together inside or outside and pop-hole following behavior

(Campbell et al., 2018b). Thus, laying hens in groups comprise

individuals that also contribute to the collective dynamic. Pen-level

variation in tonic immobility and ranging behavior was also

analyzed in Armstrong et al. (2020), but, overall , the

consideration of inter-pen variation in the literature is limited.

Many studies may replicate at the pen and/or flock level, but the

scanning of the literature showed that it is almost exclusively for

scientific integrity (i.e., accounted for as a random effect in the

analyses). We argue the opportunity to consider inter-pen

differences in laying hen research and factors that may then

contribute to this variation. This could ultimately facilitate

commercial farm management where inter-flock differences are

common but the causes of these differences often unknown.

The mechanisms that lead to these inter-group differences in

birds reared and housed in the same conditions warrant further

research. Behavioral variation might be modulated through

epigenetic changes where life experiences can have lasting impacts

(Ericsson et al., 2016; Guerrero-Bosagna et al., 2020). Phenotypic

variation can change a group’s social dynamic (Campderrich et al.,

2017), as well as modulate the stress responses of individuals (Nazar

et al., 2015). Tracking technologies to automate data collection at

the individual level and allow modeling of larger datasets (e.g.,

Campbell et al., 2018b; Montalcini et al., 2023a, b) facilitate

understanding of how individuals within a group may affect

social patterns, and vice versa. The future research avenues to

consider, for example, could be whether hens in a loose-housed
Frontiers in Animal Science 06
system with more environmental choice, such as a free-range or

aviary system, will show greater inter-pen variation in social

dynamics than those in a floor-based indoor barn. Or the extent

to which different types of enrichment can change social patterns

and why. Or how the dynamic of a group may change with age,

flock size, and experiences such as environmental stressors and

disease. The ambient environment may also affect bird behavior,

such as pen location within a facility or a tier of a cage unit. These

changes in social dynamics within the group can then be further

assessed for impacts on individual traits, including whether the

addition or removal of individuals with known temperament or

cognitive traits could modify the existing dynamic.

In conclusion, the group effect must be considered when

designing and interpreting treatment effects on individual laying

hen behavior. Further research could help to understand the

mechanisms behind why groups reared and housed in the same

environments will show significant inter-group variation.
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