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A key characteristic of free-range chicken farming is to enable chickens to spend time outdoors. However,
each chicken may use the available areas for roaming in variable ways. To check if, and how, broilers use
their outdoor range at an individual level, we need to reliably characterise range use behaviour.
Traditional methods relying on visual scans require significant time investment and only provide discon-
tinuous information. Passive RFID (Radio Frequency Identification) systems enable tracking individually
tagged chickens’ when they go through pop-holes; hence, they only provide partial information on the
movements of individual chickens. Here, we describe a new method to measure chickens’ range use
and test its reliability on three ranges each containing a different breed. We used an active RFID system
to localise chickens in their barn, or in one of nine zones of their range, every 30 seconds and assessed
range-use behaviour in 600 chickens belonging to three breeds of slow- or medium-growing broilers
used for outdoor production (all <40 g daily weight gain). From those real-time locations, we determined
five measures to describe daily range use: time spent in the barn, number of outdoor accesses, number of
zones visited in a day, gregariousness (an index that increases when birds spend time in zones where
other birds are), and numbers of zone changes. Principal Component Analyses (PCAs) were performed
on those measures, in each production system, to create two synthetic indicators of chickens’ range
use behaviour. The first two PCA axes represented over 90% of the variance of the five measures and were
both consistent over time and correlated with independent visual scans. Contributions of the five mea-
sures to the PCAs were similar among breeds, except for the correlation between the number of outdoor
accesses and the four other measures. PC1 correlated with time spent inside the barn and zone changes
frequency, whilst PC2 was explained by exploration of the range. Taken together, PC1 and PC2 indicators
showed that range use increased with age, outdoor temperature (in spring), and did not differ between
males and females. Importantly, daily scores for both indicators were repeatable among individuals - par-
ticularly in PC1 - showing inter-individual variability on range-use. The characterisation of broiler beha-
viour around their range with these reliable and repeatable indicators provides novel tools to help
understand individual variations of range-use in free-range farming.
� 2024 The Authors. Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Implications

Characterising individual range use in free-range chickens is
limited with traditional methods. We propose a newmethod based
on active Radio Frequency Identification technology, to evaluate
range use in situ, minimising any disturbance to chickens’ natural
behaviour. We used Radio Frequency Identification technology in
three broiler breeds used for outdoor production and provided
two reliable and repeatable indicators to individually characterise
range-use. From our precise individual characterisation of such
complex behaviour as range-use, we will be able to investigate
the origin, in particular genetic, of birds’ variation in range use.

Introduction

Access to a free-range in farming is a key request from con-
sumers in Europe (Harper and Makatouni, 2002; Van Loo et al.,
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2014; Delanoue et al., 2017) who associate it with better animal
welfare, especially in poultry. Several studies have shown that
chickens who use the range more have improved levels of welfare
indicators compared to low rangers. In broilers, chickens who vis-
ited the range more often and went farther on the range had
improved gait scores, breast plumage, and other health indicators,
as well as reduced stress responses to handling and confinement
(Taylor et al., 2018; Taylor et al., 2020). Results are more ambigu-
ous in laying hens, as several studies noticed a better plumage in
high rangers (Rodriguez-Aurrekoetxea and Estevez, 2016; Bari
et al., 2020) and that high ranger hens were less fearful towards
novel objects than low rangers (Larsen et al., 2018). However, other
clinical welfare indicators did not vary across high and low rangers
(Wurtz et al., 2023) and even higher corticosterone was observed
in higher rangers (Larsen et al., 2018). Laying hens raised in
enriched environments and at lower stocking densities used the
range for longer than non-enriched birds (Campbell et al., 2017;
Campbell et al., 2020) and visited the range more after stressful
events (Campbell et al., 2018a). If extensive poultry rearing guar-
antees an access to a range, there are still large discrepancies in
the use of the range among flocks and among individuals within
a flock, suggesting that both environmental and animal factors
are involved in this behaviour.

Environmental conditions have dramatic effects on range-use.
Flocks of broiler chickens use the range more frequently in spring
and summer than in winter, and more generally in moderately
warm weather, low rainfall, and low wind (Stadig et al., 2017b;
Taylor et al., 2017a). Weather conditions have been shown to
explain up to 35% of the variability in range use in slow-growing
broiler chickens (Sztandarski et al., 2021), although animals’ sensi-
tivity to weather varied, even within a genotype. The presence and
disposition of trees on the range can also double the number of
chickens on the range (Lubac et al., 2003). Additionally, range-
use increases with age in both broilers and laying hens (de
Almeida et al., 2012; Rodriguez-Aurrekoetxea et al., 2014; Stadig
et al., 2017b; Taylor et al., 2017a; Campbell et al., 2020). Beyond
flock trends, a large portion of range-use behaviour varies among
individuals. Using fast-growing broilers, Taylor et al. (2017b) found
that 3–9% of the tagged population accounted for 33–50% of all
range visits. It is therefore crucial to understand individual chicken
behaviour related to range-use.

Within a flock, how individual chickens explore and exploit
their range is a complex behaviour that can be associated with
their morphology, personality traits, or other behaviours. Specifi-
cally, in a fast-growing broiler breed, the lightest animals prior to
accessing the range are those individuals that go farthest on the
range (Taylor et al., 2020). Range-use can also be associated with
foraging behaviours. In broilers, high-rangers preferred to make
efforts to obtain feed whilst low-rangers preferred easily accessible
feed (Ferreira et al., 2021). Exploration behaviour was also associ-
ated with bold personalities in a wild bird species (Patrick et al.,
2017); movement to the furthest extents of the range, where fewer
birds have been, requires taking risks. In chickens, more fearful
hens spent less time outside in the range (Hartcher et al., 2016;
Bari et al., 2021) although this was not observed in broilers
(Stadig et al., 2017b). Finally, the interaction between social moti-
vation and range-use is not yet clear, although low-ranger broilers
seem to prefer staying near conspecifics compared to high-rangers
(Ferreira et al., 2020; Bonnefous et al., 2023).

To measure individual range-use accurately requires consistent
tracking of a large number of individuals, inside the barn and out-
side on the range, during the lifetime of a chicken. Observational
scans, where birds carry an individual (colour) tag, can track
chicken movements on the range without any technological
investments, but they are time-consuming, limited to small popu-
lations, and to behaviours occurring during the observers’ presence
2

(de Almeida et al., 2012; Rodriguez-Aurrekoetxea et al., 2014;
Stadig et al., 2017b; Stadig et al., 2017a). Camera recordings can
extend the time-of-record and give access to the entire duration
of outdoor access, although video coding can be time consuming,
and still limits the studied population size. Passive Radio Fre-
quency Identification tags (RFID) greatly advanced our under-
standing of range-use by automatically recording information on
individual tagged chickens. Passive RFID systems measure the
chicken’s identity when they go through pop-holes equipped with
antennae (Richards et al., 2011; Hartcher et al., 2016; Campbell
et al., 2017; Campbell et al., 2018b; Bari et al., 2020; Campbell
et al., 2020). Passive RFID is often used at barn doors to record
when chickens enter and exit the barn, or can be placed on the
range, to distinguish animals that travel far across the range from
those that stay near (Larsen et al., 2017; Taylor et al., 2020). The
tracking data provide insights into the time animals spent outside
or the number of times they went out. The main limitation of this
technology is that information on chicken movements is limited to
the number of pop-holes and their location on the range, and, thus
this method is unable to capture information on the various ways
chickens use their range or how likely they are to visit different
zones in their range.

To overcome the limitations of currently used technologies, we
propose in this study an active RFID system to precisely track indi-
vidual birds, both in the barn and on the range. We tested the sys-
tem across three breeds of broilers used for outdoor production.
This precise real-time system enabled us to describe individual
behaviours on the range and to combine them into indicators of
chicken range-use that could be associated with a time budget
dedicated to ranging, locomotory activity, boldness or social moti-
vation, and how a chicken perceives its ranging environment. First,
we described these behaviours in the three breeds of broilers
tested in different ranges. Second, we combined all indices to cre-
ate two indicators of variation in chicken range use behaviours and
tested their reliability. Finally, we used these indicators to under-
stand how chickens use their range according to intrinsic factors,
such as age and sex, as well as environmental conditions, such as
temperatures and rainfall, throughout the day.
Material and methods

Animals, housing and active radio frequency identification system

Details of the population used and methods can be found in
Bonnefous et al. (2023). Briefly, three breeds of slow to medium-
growing broilers were raised: (i) Hubbard S757N, thereafter named
Label, a naked-neck breed used for Label Rouge production, with a
growth rate of 26 g/day; (ii) Hubbard JA757, thereafter named Cer-
tified, a breed used for outdoor production, with a growth rate of
36 g/d; and (iii) Dual-purpose, an experimental dual-purpose
breed developed from a crossing between meat and egg type
breeds with a 16 g/d growth rate (Dual-Purpose). Rearing dura-
tions of those breeds were 85, 71, and 99 days, respectively. Impor-
tantly, we do not directly compare these three breeds as they were
each raised on a different range with distinct tree cover (Fig. 1).

Chicks of all breeds arrived at 1 day old, when they were vacci-
nated against Marek’s and Gumboro diseases, and infectious bron-
chitis. Chicks from each breed were housed in separate but similar
barns housing 734 Certified, 735 Label and 771 Dual-Purpose birds,
of a balanced sex ratio. Barns were all 12.5 � 6 m to achieve an
inside stocking density of 16.8–24.5 kg/m2. Label birds arrived
14 days before both other breeds. Up to day 7 of growth, males
and females were separated by cardboard within barns. On day
7, all birds were identified with a wing tag. Onwards from 36 days
of age, all chickens had 24-hour free access to a 50 � 50 m range



Fig. 1. Experimental set up. Top left: Radio Frequency Identification chip on a chicken wing. Top right: antennae placed on the range. Bottom: aerial view of the ranges.

Fig. 2. Schematic representation of the position and surface of the nine range zones
detected by the active Radio Frequency Identification system used for tracking
chickens.
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with unevenly distributed trees (Fig. 1). All breeds had ad libitum
access to water and a commercial organic feed, formulated for
the Label breed, commonly used in French organic rearing (includ-
ing three diets based on soya meal, maize, wheat and sunflower
meal with barley, alfalfa and triticale in addition from day 29 to
day 57 or with faba beans and triticale in addition from day 57
to the end of the rearing period) and with energy and CP contents
of 15.8 MJ/kg and 20.8% (day 1 to day 28), 15.6 MJ/kg and 18.7%
(day 29 to day 57), and 15.3 MJ/kg and 17.4% (day 57 to the end
of the rearing period). Mortality was low in all breeds, four chick-
ens (< 1% of the population) died in the Label breed during the
course of the experiment, 3 (< 1%) in the Certified, and 26 (3%) in
Dual-Purpose chickens.

On their 29th day of age, seven days before they got free access
to the outdoors, 100 male and 100 female chickens per breed were
chosen randomly and equipped with a RFID chip on their wing
(Fig. 1). Chips sent 433 MHz signals every 10 seconds, which could
be caught by the seven antennae located around the range and in
the barn (Fig. 1). Range use was also measured directly on all the
tagged males, who all wore a poncho with a unique code (Fig. 1)
by visual scans carried out seven times a day over 11–15 days (de-
pending on the breed’s slaughter age), regularly spread over the
outdoor access period (Bonnefous et al., 2023). From individual
range position, the authors of that previous study (Bonnefous
et al., 2023) obtained an individual distance index combining
occurrences of outdoor access and distance between the observa-
tion zone and the barn. RFID signals were constantly measured
from the day chickens gained access to the range, until the day
before slaughter, corresponding to day 84 (Label), day 70 (Certi-
fied), and day 98 (dual-purpose) days of age.
Quality control of data

We first created a model that enabled chickens to be located on
the range every 30 seconds in nine zones of different sizes (Fig. 2,
3

Supplementary Materials S1 for details on the calibration of the
system and its error rate, Table S1). We disregarded data from ani-
mals on the (i) day(s) they were subjected to other tests that may
disturb their behaviour (behavioural tests at D50-51 for Label and
Certified chickens, D52-53 for dual-purpose chickens, weighing at
D57 and blood sampling at D64 (Bonnefous et al., 2023)),when (ii)
animals had very low numbers of detections on a day, specifically,
when an animal was detected fewer times than 10% of the maxi-
mum number of times an animal was detected on that range),
and (iii) from 10 min before and 30 min after visual scans were
taken where an experimenter was going around the range as chick-
ens had the tendency to follow the human.
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Range use measures

We created five daily measures from raw data that could be
associated with range-use behaviour, following the definition from
Ontology ATOL ATOL_0000831: any measurable or observable
characteristic related to the behaviour of the animals to use their
physical environment according to the social or physical stimuli
within this environment (Table 1, Golik et al., 2012). Barn time rep-
resented the proportion of tags coming from the barn on a given
24-hour day. As total number of times a chip was tagged on a
specific day varied (although a low number of detections were
removed, see quality control), outs measured the number of times
a bird went out divided by the total number of times a bird was
tagged on that day. The total number of outside zones used that
day corresponded to range, which was thus an integer between 0
and 9. The gregariousness index measured daily individual visits
to the most popular zones. Hence, gregariousness was a proxy of
the capacity of birds to spend time in zones more visited by con-
specifics and was lower when birds spent a long time in zones less
visited by other birds (following the definition from Ontology
ATOL_0000900: any measurable or observable characteristic
related to the propensity of an animal to stay close to its peers,
or to react to social separation). For animal j, this index was calcu-
lated according to the formula:

Gregariousnessj ¼ �1�
X9

i¼1

Time spent in zone i by bird j
Overall time spent in zone i by all birds

Finally, zone changes, a proxy for locomotor activity, scored the
number of times a bird was recorded changing zone, divided by the
total number of times the bird was recorded on that day.

We calculated the repeatability of all daily measures as the ratio
of among-individual variance over the sum of among- and within-
individual variance with the rpt function (package rptR, Stoffel
et al., 2017), using 1 000 boots per repeatability score. Although
we could not disentangle whether differences among ranges were
due to a flock effect, the differences in tree cover among ranges, or
the difference in breeds placed on each range, we calculated differ-
ences among ranges for all daily measures with an ANOVA on the
average index score per bird overall recorded days.

Two indicators to synthesize information on range use behaviour

To understand how range-use measures were correlated with
each other and whether they were redundant, we performed a
Principal Component Analysis (PCA, function prcomp, Venables
and Ripley, 2002) on the standardised average measures of all birds
on a range. We also performed PCA on daily standardised data to
Table 1
Definitions of daily measures for range-use in chickens, their mean ± SD, repeatability (R) a
effects. Mean values were calculated for 24-hour periods. All measures were significantly re
of an ANOVA testing for a difference of the index among ranges.

Label Cert

Item Description Mean ± SD R [CI] Mea

Barn time Proportion of time
spent in the barn

0.75 ± 0.04 0.75
[0.71, 0.79]

0.88

Outs Number of times a bird
went out

0.10 ± 0.01 0.64
[0.58, 0.69]

0.03

Range Number of zones
explored [0–9]

8.1 ± 0.6 0.35
[0.30, 0.41]

7.7

Gregariousness Measure that increases
with a bird’s time spent
close to its peers

9.3 ± 2.6 0.93
[0.91, 0.95]

8.1

Zone changes Number of zone
changes

0.29 ± 0.02 0.61
[0.55, 0.66]

0.11

4

observe how the relationships among range use measures changed
over time. As the first two PCA axes explained a very large portion
of the variance, and were both similar across breeds and ranges
and repeatable across days, we further described range-use with
these two indicators. We finally checked the reliability of both
indicators by testing Spearman correlations between individual
scores of both PCs and the distance index independently obtained
by visual observations (Bonnefous et al., 2023).

Biological analyses of range use indicators

Coordinates on both indicators PC1 and PC2 were calculated
individually by multiplying the values of the five daily measures
(standardised per range) with the eigenvectors of respective PCs.
We analysed how the range use indicators were affected by sex,
age, and outside temperatures and rainfall (as measured on site
by a weather station) by performing multivariate mixed models
(Pinheiro and Bates, 2000):

yjk ¼ b0 þ b1 dayþ b2 min tempþ b3 max tempþ b4 rainþ uj þ ejk

where yjk is the daily individual scores of either PC1 or PC2, b0

the sex-specific intercept, day the number of days since chickens
had access to the range, min temp the minimum temperature,
max temp the maximum temperature, rain is rainfall, uj the ran-
dom intercept for individual j and ejk the error term for individual
j on day k. We did this first in an overall model, then within each
range with a different breed.

As activity on the range is known to vary depending on the per-
iod of the day (Taylor et al., 2017a), we finally tested how range-
use varied within a day by applying to our individual PCs the same
model as above, but separating the individual scores in five daily
periods: dawn (from first light till sunrise), morning (from sunrise
until midday), afternoon (until Sunset), dusk (until sunlight disap-
peared), and night. In both cases, we accounted for P-value overes-
timation from multiple testing with an fdr correction (Benjamini
and Hochberg, 1995).
Results

Range use varies across the three ranges

The individuals from the different breeds, raised on the differ-
ent ranges, considerably varied in their range use (Table 1,
Fig. S1). Label birds used the range more than other birds on all
measures. Birds’ preferred areas varied among ranges and breeds:
Label and dual-purpose chickens had a similar share of their time
nd their associated confidence intervals [CI] within each population, along with breed
peatable (P < 0.001) and P-values are not reported here. Range effect shows the result

ified Dual-Purpose Range effect

n ± SD R [CI] Mean ± SD R [CI] F(3, 134) p

± 0.03 0.57
[0.50, 0.62]

0.88 ± 0.06 0.68
[0.63, 0.72]

6 538 <0.001

± 0.01 0.46
[0.40, 0.52]

0.02 ± 0.01 0.41
[0.35, 0.46]

2 557 <0.001

± 0.04 0.41
[0.35, 0.47]

6.6 ± 0.05 0.38
[0.32, 0.43]

12 673 <0.001

± 2.1 0.53
[0.46, 0.59]

7.4 ± 3.8 0.88
[0.85, 0.90]

38 <0.001

± 0.03 0.54
[0.48, 0.60]

0.08 ± 0.03 0.58
[0.52, 0.63]

1 658 <0.001
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outside, spending respectively 52 and 46% of their time outside in
the area just outside the barn (Z2, Fig. S1), and 23 and 29% in the
farthest zone (Z8). By contrast, Certified chickens spent most of
their time outside in zone 9 (37% of the time), which corresponded
to the corner of the field with the most trees (Fig. 1), hence show-
ing that the cause of this variation may be range based as well
genetic or random flock variation.

All range-use measures were consistent over time in individuals
raised on the three ranges. Gregariousness, as measured in our
experiment, was the most repeatable trait, and up to 90% of its
variance was due to among-individual variance in the Label range
(Table 1). The least repeatable trait, range, still had 35–41% of its
variance due to among-bird variation. It must be noted that, by
construction, range has a lower variance as its value can only be
integers between 0 and 9.
Principal component axes are reliable indicators of range use

For all ranges, the first two axes of the total PCA represented
over 89% of the variance in the five measures (Fig. 3). The first PC
accounted for between 54 and 84% of the variance and the second
between 12 and 23%. Further, PC1 correlated positively with zones
changes and gregariousness, and negatively with barn time, whilst
PC2 was mainly correlated with range. The main difference
between flocks was how outs correlated with the other measures.
In Label chickens, outs was positively correlated with barn time,
whilst this correlation was negative in the Certified chickens in
which birds that changed zones more often, and were less gregar-
ious, went in and out more often. In Dual-Purpose chickens, outs
was independent from barn time and mostly correlated with range.
The variance explained by PC2 was associated with the value of the
correlation between PC2 and outs (Fig. 3).

As for the five daily measures, the two PCA axes were consistent
over time. Contributions to the first two axes were repeatable
across days in all flocks (Label: PC1, R = 0.70 [0.19, 0.88], PC2,
R = 0.72 [0.22, 0.88]; Certified: PC1, R = 0.99 [0.94, 1.00], PC2,
R = 0.95 [0.72, 0.99]; Dual-Purpose, PC1, R = 0.93 [0.59, 0.98],
PC2, R = 0.75 [0.25, 0.90], all P-values < 0.001).

Individual chicken performances in PC1 and PC2 were repeat-
able, although scores varied among flocks (Label: PC1, R = 0.77
[0.73, 0.81], PC2, R = 0.34 [0.32, 0.43]; Certified: PC1, R = 0.56
[0.50, 0.61], PC2, R = 0.35 [0.29, 0.41]; Dual-Purpose, PC1,
R = 0.72 [0.66, 0.76], PC2, R = 0.60 [0.55, 0.66], all P-
values < 0.001). Both axes were correlated to the distance index
independently obtained from visual scans (PC1: q = 0.76,
P < 0.001, PC2: q = 0.41, P < 0.001, (Bonnefous et al., 2023)), con-
Fig. 3. Range-specific Principal Components on standa
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firming that PC1 and PC2 were reliable indicators of range use
behaviour.
Range use indicators vary with age and environmental conditions, but
not across sexes

The PC1 indicator increased during the growth of the broilers
and the estimate of the mixed model was twice as high in Certified
chickens as in Label chickens, with dual-purpose showing interme-
diate values (Table 2, Fig. 4). For PC2, the overall positive associa-
tion between age and range-use was mostly due to Label
chickens, as the coefficient of regression was very low in dual-
purpose and null in Certified chickens.

Minimum and maximum temperatures affected range-use
although their effect varied among flocks (Table 2). Maximum tem-
perature (in the spring) tended to increase range use along PC1.
The relationship between minimum temperatures and PC1 varied
across flocks, as the mixed model estimate between minimum
temperature and PC1 was positive in Label chicken but negative
in Certified and dual-purpose chickens. Both minimum and maxi-
mum temperatures had a null or negative regression coefficient
with PC2 (Table 2), meaning that as temperatures increased, ani-
mals moved between fewer zones. Rainfall decreased range use
indicators in all situations but for PC2 in the Certified breed
(Table 2). While males had lower values of PC1 overall, there was
no significant effect of sex on range-use, but the most extreme val-
ues of range use on PC1 were observed in females (Fig. 5).

We further described range-use according to the time of the
day, splitting the 24-h period of range access into five time periods
according to the Sun’s position each day (night-dawn-morning-af
ternoon-dusk). General trends were similar at all times of the
day but some daily pattern differences could be noted between
the Label and the two other breeds. First, although range-use
increased with age, night range-use decreased with age for Certi-
fied and dual-purpose chickens, and stayed stable in Label chick-
ens. Second, minimum temperatures increased range-use at
dawn, in the afternoon, and at dusk for Label chickens, but
decreased or did not change range use for the other two breeds
on the other two ranges. In parallel, maximum temperatures
increased range-use in the afternoon for both Certified and dual-
purpose birds but decreased it for the Label birds (Table S2).
Finally, even if males and females used the range equally overall,
daily patterns of range use sometimes changed during the day
for each sex. When all animals were analysed together, males used
the range less than females at dusk (Table S2). Effects of sex
depended on the range and the breed at other times of the day;
rdised values of range-use behaviours in chickens.



Table 2
Results from mixed models of several factors that could affect range use in chickens, as defined by our two Principal Components (PC1 and PC2). Estimates are reported ± SE.
Indicative P-values are adjusted for multiple testing (fdr). Sex effect describes the male sex effect.

item Principal Components Age Minimum temperature Maximum temperature Rainfall Sex

Overall PC1 0.027 ± 0.001 0.005 ± 0.003 0.028 ± 0.002 �0.033 ± 0.002 �0.232 ± 0.111
P < 0.001 P = 0.097 P < 0.001 P < 0.001 P = 0.160

PC2 0.012 ± 0.001 �0.016 ± 0.002 �0.017 ± 0.002 �0.006 ± 0.002 0.062 ± 0.055
P < 0.001 P < 0.001 P < 0.001 P < 0.001 P = 0.445

Label PC1 0.020 ± 0.001 0.024 ± 0.003 0.005 ± 0.003 �0.014 ± 0.003 �0.252 ± 0.205
P < 0.001 P < 0.001 P = 0.061 P < 0.001 P = 0.392

PC2 0.028 ± 0.001 0.003 ± 0.003 �0.030 ± 0.003 �0.024 ± 0.003 �0.027 ± 0.095
P < 0.001 P = 0.482 P < 0.001 P < 0.001 P = 0.849

Certified PC1 0.041 ± 0.003 �0.019 ± 0.008 0.087 ± 0.007 �0.071 ± 0.006 �0.577 ± 0.227
P < 0.001 P = 0.028 P < 0.001 P < 0.001 P = 0.083

PC2 0.000 ± 0.002 �0.015 ± 0.005 0.006 ± 0.004 0.002 ± 0.004 0.079 ± 0.085
P = 0.772 P = 0.002 P = 0.147 P = 0.683 P = 0.545

Dual-Purpose PC1 0.033 ± 0.001 �0.016 ± 0.004 0.023 ± 0.003 �0.021 ± 0.003 �0.091 ± 0.155
P < 0.001 P < 0.001 P < 0.001 P < 0.001 P = 0.688

PC2 0.003 ± 0.001 �0.017 ± 0.004 �0.007 ± 0.003 �0.010 ± 0.003 0.142 ± 0.108
P < 0.001 P < 0.001 P = 0.014 P < 0.001 P = 0.373

Fig. 4. Principal Component 1 (PC1, blue, left axis) and Principal Component 2 (PC2, pink, right axis) variation with chicken age in each production system. The line
corresponds to a linear model and its associated SE (geom_smooth method ‘‘lm” in ggplot2 (Wickham, 2016)).
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Certified male chickens used the range less than females during
afternoon and dusk based on PC1, whereas Label males used the
range less than females at dawn and dusk based on PC2 (Table S2).
Discussion

We used an active RFID technology to measure range use in situ,
minimising any disturbance to chickens’ natural behaviour. From
these measures, we provided two reliable and repeatable compos-
ite indicators, which simply characterised this complex behaviour.
The first indicator varied with chickens’ daily time spent outside,
the time they spend in popular places, and how often they changed
zones, while the second indicator was associated with the extent of
animal exploration of the range on a given day. Both indicators
revealed similar range-use patterns among three chicken breeds
used for outdoor production tested on three different ranges. Addi-
tionally, this study demonstrated the impact of intrinsic and
extrinsic factors such as age and weather conditions on these
indicators.
Reliable indicators of range use in two dimensions: towards
personality traits?

Here, we demonstrated the validity of two independent com-
posite indicators to describe range-use among individual chickens.
These indicators were reliable, consistent over time, and accounted
for most of the daily variance observed in range-use (89.6–96.4%,
depending on the range). Moreover, the indicators were correlated
with scores of range-use that were independently obtained
6

through visual scans. Compared to observational scans, the method
used to obtain these indicators was less labour-intensive and pro-
vided more information. Indeed, with RFID, we collected individual
information on more animals than with visual scans and were able
to obtain continuous and complete data over the course of the day
for the entire period of outdoor access. It was therefore possible to
estimate more precisely the effect of age or of period-of-the-day on
range-use. Moreover, the continuity of information provided a
more comprehensive understanding of the individual chicken’s
range-use by recording more daily measures than would have been
possible with scans or with passive RFID (e.g., gregariousness, zone
changes, etc.).

It has been suggested previously that range-use could be char-
acterised as a personality trait (Ferreira et al., 2019; Ferreira et al.,
2022; Bonnefous et al., 2023). Personality traits are defined as ‘‘be-
havioural differences between individuals that are consistent over
time and across situations” (Réale et al., 2010). Here, consistency
over time is shown by the repeatability of individual performances
on PC1 and PC2. While this study did not directly assess whether
the range-use indicators are consistent across situations, the
repeatability scores were obtained during spring, over a long per-
iod of time (between 34–62 days) and covering a large variety of
environmental conditions and animal growth stages. This suggests
that range-use scores are also consistent between environmental
conditions and developmental stages. Range-use behaviour, as
described by these indicators, may thus be considered as a person-
ality trait.

The two indicators identified in this study were found to be
associated with distinct behavioural traits. PC2 was primarily asso-
ciated with the number of zones visited by the chickens on a given



Fig. 5. Distribution of Principal Component 1 (PC1) and Principal Component 2 (PC2) in female and male chickens in the a. Label, b. certified, and c. dual-purpose production
systems.
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day, indicating an emphasis on the exploration of the range. In con-
trast, PC1 was correlated with the amount of time spent outside,
particularly in zones less used by other birds, and with zone
changes, a proxy for locomotor activity. Chickens have to decide
whether to invest their time exploring new patches (exploration)
or exploiting known resources (exploitation), forming an
exploration–exploitation trade-off (Kramer and Weary, 1991;
Mehlhorn et al., 2015). PC2, associated with the number of patches
visited on a given day, can be interpreted as an exploration axis.
PC1 however, had components that can be interpreted as exploita-
tion (e.g., Barn time as the main source of feed is available in the
barn) and as exploration (e.g., Zone changes as birds that often
change zones are more likely to be exploring new resources). In
this regard, PC1 could be interpreted as a representation of the
exploration–exploitation trade-off.

High and low rangers did not have the same behaviour in different
flocks

There were striking differences in the overall level of range-use
among breeds. However, given that only one flock was tested per
7

breed, and that each population was on a range with variable levels
of tree cover, it is challenging to draw a definitive conclusion as to
whether these differences are due to genetic or environmental fac-
tors. We can nevertheless hypothesise that genetic differences
partly caused those results, as dual-purpose birds - which used the
range the least - were also more fearful in tests performed before
range access (Bonnefous et al., 2023). A comparison of the relation-
ships between the fivemeasures of range-use among breeds yielded
some interesting insights. Notably, the correlations between four of
the fivemeasures of daily range-use exhibited a high degree of sim-
ilarity across the three ranges, while outs was the only trait that
demonstrated distinct correlations with the other traits among
breeds (Fig. 3). In Label chickens,outswasnegatively associatedwith
PC1, indicating that high rangers onPC1didnot frequently enter and
exit the barn, but stayed on the range. Conversely, in Certified birds,
outswaspositively correlatedwith zone changes andnegativelywith
barn time and gregariousness, meaning that high rangers frequently
entered and exited the barn. Finally, in the dual-purpose breed, outs
was positively associated with PC2 and was independent of PC1,
suggesting that birds that frequently entered and exited the barn
explored more zones of the range each day.



J.M. Collet, C. Bonnefous, K. Germain et al. Animal 18 (2024) 101099
These findings suggest that the relationship between entering
and exiting the barn and overall range-use is complex and varies
across breeds or ranges. Specifically, entering and exiting the barn
is not an accurate predictor of overall range-use since this beha-
viour can be associated with both high and low rangers, depending
on the population’s activity level and inquisitiveness. In flocks that
spent more time outside, like the Label chickens, the birds that
entered and exited the barn the most tended to be the lowest ran-
gers, whereas in populations that spent a higher proportion of their
time inside, like Certified and Dual-purpose, the most active and
inquisitive birds tended to enter and exit the barn the most. These
findings underscore the importance of considering multiple indices
of range-use and their interactions when investigating the factors
that influence the behaviour of birds in a range environment.

Extrinsic and intrinsic effects on range use behaviour

Similar to previous studies conducted on broilers (de Almeida
et al., 2012; Rodriguez-Aurrekoetxea et al., 2014; Stadig et al.,
2017b) and laying hens (Campbell et al., 2020), our investigation
found that range-use increased with age, as observed in both PC1
and PC2; however, we observed a slight difference in the behaviour
of Certified chickens over time. Specifically, PC2 did not increase
with age, whereas PC1 exhibited an increase in the first 12 days
of outdoor access, followed by a plateau in range-use (Fig. S2). This
stabilisation of range-use after one to two weeks aligns with the
findings from a previous study on fast-growing broilers (Ross
308, Taylor et al., 2017a), suggesting that faster-growing breeds
may be more constrained in their ability to increase range-use with
age.

Our analysis did not reveal any overall effect of sex on the mean
range use indicators, although females exhibited more extreme
behaviours than males (Fig. 5). Previous studies showed that males
may be more active than females when kept indoors (Kjaer, 2017),
but no sex-based differences were found in range visits in broilers
(Taylor et al., 2017b). Our female chickens, however, displayed
higher levels of activity during the evening (Table S2). Circadian
rhythms often vary between sexes, although little is known about
those rhythms in developing vertebrates such as broilers, or birds
in general (Walton et al., 2022). Another study reported that males
tended to use the range more than females during winter (Chapuis
et al., 2011), suggesting that differences in temperature preference
may not account for this sex difference.

Our results showed that higher temperatures tended to increase
range-use as measured by PC1, but decreased it on PC2 (Table 2).
This is consistent with the literature results showing that broiler
chickens are more likely to go outside when weather is dry and
moderately warm (Stadig et al., 2017b; Taylor et al., 2017a). The
temperature during the outdoor access period corresponded to
the spring season in a temperate zone, with mean temperature
ranging from 15 to 25 �C. The distinct responses of the two indica-
tors to higher temperatures are intriguing and highlight the advan-
tages of using multidimensional indicators of range behaviour over
simple descriptors. A possible explanation for this observation is
that warmer temperatures increased the number of insects avail-
able in all zones, leading to increased foraging activity in a smaller
area, while in colder temperatures, chickens needed to explore the
entire range to locate this supplementary source of feed. Despite an
overall effect, all breeds did not react consistently to warmer max-
imum or minimum temperatures. As the tree cover varied among
ranges, the temperature may also not have been consistent among
breeds or ranges, nor in different areas of the range, potentially
leading to this contrast.

We observed that Label chickens had higher responses to min-
imum temperatures on PC1, while breeds primarily increased PC1
according to maximum temperatures. Notably, birds from the
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Label breed accessed the range earlier in the season than the
others, and consequently, these chickens were allowed outdoor
access during periods of negative minimum temperatures, while
the other breeds were not.
Caveats and how to overcome them

Despite their precision and reliability, our newly developed
range-use indicators still suffered from some limitations. First, it
is not necessarily straightforward to interpret our measures with
common personality traits from the literature. For example, our
measure of gregariousness could reflect social motivation (more
socially motivated birds spend more time where other birds are),
boldness (chickens with lower scores of gregariousness are less
fearful to spend time away from their conspecifics), or simply the
attractiveness of a given zone. This limitation arises as we only
have localisation data for those chickens, while a more complete
behavioural study would be interesting to fully interpret our
results.

Additionally, technical limitations of the system include that
one of the ranges showed an error rate of 15% in determining
whether chickens were inside or outside the barn (see Supplemen-
tary Information). In addition, the precision of the positioning on
the range limited the subdivision of the range into only nine zones,
covering an area of over 2 500 m2. To overcome this limitation, a
more precise gridding of the range is needed in order to improve
indicators such as the distance covered by animals or a description
of non-random social interactions as was done in laying-hens
(Gómez et al., 2022). A more precise position on the range would
also permit a better estimation of the effect of parameters such
as tree distribution on range-use.
Conclusions

Despite those few limitations, our novel method of characteris-
ing range-use is precise, reliable, repeatable, and encapsulates a
complex behaviour into two simple composite dimensions. The
indicators we described here will be valuable for the detailed char-
acterisation of range-use in broiler chickens at an individual level,
and may facilitate the genetic characterisation of this behaviour in
a more sophisticated manner than previously achieved (Chapuis
et al., 2011; Kjaer, 2017). We also provided a first estimate of
range-use for chickens from a dual-purpose breed, a type of breed
bound to see their use expand in the next few years and they
would ethically enable the use of males as meat in egg-laying
breeds and prevent the killing of day-old chicks (Brümmer et al.,
2018).
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https://doi.org/10.1016/j.animal.2024.101099.
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