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In free-range and organic production systems, hens can make choices
according to their needs and desires, which is in accordance with welfare
definitions. Nonetheless, health and behavioral problems are also encountered
in these systems. The aim of this article was to identify welfare challenges
observed in these production systems in the EU and the most promising
solutions to overcome these challenges. It is based on a review of published
literature and research projects complemented by interviews with experts. We
selected EU specific information for welfare problems, however, the selected
literature regarding solutions is global. Free range use may increase the risk of
infection by some bacteria, viruses and parasites. Preventive methods include
avoiding contamination thanks to biosecurity measures and strengthening
animals’ natural defenses against these diseases which can be based on
nutritional means with new diet components such as insect-derived products,
probiotics and prebiotics. Phytotherapy and aromatherapy can be used as
preventive and curative medicine and vaccines as alternatives to antibiotics
and pesticides. Bone quality in pullets and hens prevents keel deviations and is
favored by exercise in the outdoor range. Free range use also lead to higher
exposure to variable weather conditions and predators, therefore shadow,
fences and guard animals can be used to prevent heat stress and predation
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respectively. Granting a free range provides opportunities for the expression of
many behaviors and yet many hens usually stay close to the house. Providing
the birds with trees, shelters or attractive plants can increase range use. Small
flock sizes, early experiences of enrichment and personality traits have also
been found to enhance range use. Severe feather pecking can occur in free
range production systems, although flocks using the outdoor area have better
plumage than indoors. While many prevention strategies are facilitated in free
range systems, the influence of genetics, prenatal and nutritional factors in
free range hens still need to be investigated. This review provides information
about practices that have been tested or still need to be explored and this
information can be used by stakeholders and researchers to help them evaluate

the applicability of these solutions for welfare improvement.

poultry, organic, free range, health, hen, pullet, welfare

Introduction

Alternative laying hen farming systems in
Europe

Animal welfare is a major concern and its conceptualization
has evolved from a simple perception of health status to also
embrace a full understanding of an animal’s mental state related
to its environment (1). The conventional cage rearing system
for laying hens was developed after the Second World War as
an option to increase production. In 2012, the conventional
cage was prohibited in the EU and only furnished cages and
non-cage systems (including free range and organic systems)
were allowed.

In 2020, the laying hens kept in the European Union (EU)
produced around 116 billion eggs which was equivalent to
7.2 million tons of eggs and which represented 9.4% of the
world’s production (2). According to the marketing standards
for eggs, (EC/589/2008), eggs can be sold as “Free range eggs,’
“Barn eggs,” or “Eggs from caged hens.” The fourth category
is “Organic eggs”. Eggs can be called organic only when they
have been produced and controlled according to the EU organic
regulation (EU/2018/848 and EU/2020/464). Depending on the
farm, the production of organic eggs can also comply with the
requirements for free range egg production or produced by hens
housed in mobile shelters. Alternative forms of egg production
include all other forms except eggs from caged hens (Table 1;
Supplementary Data S1). Eggs are among the most purchased
organic food products in the EU (3). The outputs of free range
and organic systems are currently increasing (4) and more than
26.3 million laying hens were certified organic in the EU in 2019
(4+9% compared to 2018), however these percentages vary a lot
among countries: the percentage of free range hens varied from
3% in Portugal to 58% in UK in 2019 while the percentage of
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organic hens varied from 1% in Poland, Portugal and Spain to
16% in France (2).

In outdoor systems such as free range, hens can make choices
according to their needs and desires, which is in accordance with
most animal welfare definitions and corresponds to consumer
preferences regarding farming systems (5). Moreover, animal
welfare remains the main reason to buy organic (3). Nonetheless,
behavioral and health problems are also encountered in these
systems (6-8). Some are similar to issues associated with
conventional systems, such as the culling of day-old male
chicks, feather pecking and keel bone fractures, while others
are primarily associated with outdoor production, such as
increased risks of endo-parasites, predation and infection with

avian influenza.

Aim and approach

The aim of this article was to summarize animal welfare
challenges observed in free range and organic laying hen
production systems in the EU and to consider the most
promising solutions to overcome these challenges. For this
purpose, data related to welfare issues in laying hens
were collected from multiple sources (Supplementary Data 52).
Published literature and research projects’ results were reviewed
and key expert informants in Italy, France, United Kingdom and
Finland were interviewed. The interviews took place within the
PPILOW project dealing with the welfare in pigs and poultry.

In each country, the key informants included a farmer
(organic or outdoors), a vet involved in organic or free range
production, a representative from a breeding company and a
representative from a firm involved in egg quality, a premix
producer specialized in premix manufacturing and advising
in animal nutrition, and a non-governmental organization
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TABLE 1 Characteristics of alternative rearing systems for laying hens’.

Organic

10.3389/fvets.2022.952922

Non-organic

Standard egg production Enhanced

(EU) 2018/848 Beyond (EU) 2018/848

(EU) 2020/464

Low-input systems

Free range and mobile egg production

Free range Mobile egg production

Maximum for flock size (<3,000 Enhanced especially for: flock size,

hens per compartment), stocking space allowance, duration of
density on the range (one hen/4 outdoor access, prohibition of beak
m?), stocking density indoors (six trimming, provision of nests,
hens/m?) perches, vegetation and shelters on
the range and environmental

enrichments

The birds may live indoors but The birds live in movable shelters

must have access to outdoors with access to pasture.
(three subcategories of free-range
according to the directive

543/2008/EC)

"Detailed requirements in the Supplementary Data S1.

involved in animal welfare (Supplementary Data S2). The
objective of the interviews was to understand the major issues
in welfare according to practitioners, to make sure that the
literature review did not miss any issue or solution and to give
a hierarchy to the issues. The information form, the consent
form and the guidelines were approved by the French ethics
committee Polethis from Paris-Saclay university. Information
provided in the interviews was checked and balanced with
published literature. Welfare issues and phenotypic traits were
defined according to the Animal Health Ontology for Livestock,
AHOL (Supplementary Data S3).

Health of laying hens in free range
and organic systems

Free range systems allow outdoor access and contact with
infected feral, wild animals or their excreta represents a higher
risk of some infections such as endo-parasitism and Salmonella
infection. The key informants pointed out biosecurity issues
in production with outdoor access. Biosecurity is defined as
cumulative steps taken to keep disease from a farm and to
prevent the transmission of disease within an infected farm
to neighboring farms. In outdoor systems, both aspects of
biosecurity are different from indoor systems since it is difficult
to avoid contacts with infectious agents and to complete
disinfection for example, like it is carried out indoors. Therefore,
it is often mentioned that free range access results in more
difficulties in keeping housing free from bacteria or viruses such
as influenza found in wild birds and in higher risks of parasitism.

Infectious diseases

Bacterial and viral diseases

Several key informants mentioned biosecurity and

regulation issues because free range systems, as in conventional
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systems, are affected by food borne diseases and their regulation
has wide impacts on the practices. The main pathogenic
bacteria are Mycoplasma, Pasteurella, Escherichia coli and
Salmonella. The occurrence of Salmonella spp. is highly
monitored and regulated since, like Campylobacter, it can lead
to food borne disease in humans and both bacteria can be
encountered in the environment. Salmonella spp. is among the
most common zoonotic pathogens responsible for bacterial
infection that compromises food safety but not animal welfare.
Its propagation in animals is limited by vaccinating layers
in some EU countries since vaccination is highly effective in
prevention. Organic and free range flocks are also particularly
susceptible to avian influenza, a recurrent viral infection that
is caused by avian influenza type A viruses, because the risk of
contamination is higher in outdoor systems (9). Salmonella,
mostly Salmonella Enteritidis and Salmonella Typhimurium
(10), Campylobacter and avian influenza can contaminate
reared flocks after direct or indirect contact with infected wild
animals. Infection by Campylobacter hepaticus is emerging in
Europe hence Spotty liver disease increase, an acute necrotic
hepatitis causing mortality and falls in egg production especially
in free range production (11), however it was not mentioned by
key informants.

Parasitism

Parasitism in organic and free range egg production
mainly consists of endo-parasitism, especially helminths, i.e.,
nematodes (Ascaridia galli and Heterakis spp. especially) and
cestodes (Raillietina, Choanotaenia, Davainea especially) and
in protozoa (Eimeria, causing coccidiosis). In 2011, it was
concluded from an epidemiological study in Germany that the
vast majority of organic laying hens were subclinically infested
with at least one helminth species (12). Similarly, a study
conducted in eight different European countries found that
69.5% of organic layers were infested with Ascaridia galli (13).
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The overall mean prevalence for Heterakis spp. was 29.0% with a
large variation between countries (13). In this survey, Raillietina
was the most widespread cestode, but it occurred at a moderate
level (13.6%). This study also demonstrated that pasture-access
time was negatively linked to Ascaridia galli worm burden,
which does not support the idea that outdoor access would
increase the risks of helminth infection. This also highlights the
need to further investigate the complex transmission dynamics
since a better understanding of the transmission routes in free
ranges and their variations with wild fauna behavior would help
to reduce infection in free range hens (14).

Ecto-parasitism in poultry is mainly due to red poultry
mites (Dermanyssus gallinae). Biosecurity rules to prevent
contamination are again more difficult to use in free range
systems than in cages since red mites are present in wild
birds and eggs and larvae are hard to destroy if wood shelters
are used. Red mites are parasites that attack hens at night to
get blood meals and they can induce anemia, decreased egg
production and increased stress, feather pecking and mortality
(15). Moreover, red mites are potential vectors of Salmonella and
Erysipelothrix rhusiopathiae, a bacterium that causes erysipelas.
Erysipelas can cause mortality of up to 7% per day in hens as well
as a 45% decrease in production and it has been detected in free
range layer flocks (16).

Preventing contamination

The outdoor access increases the risks of contamination with
viruses or bacteria carried by wild fauna. Avian influenza can
result from direct contact with infected animals including wild
birds, domestic animals or human beings, or indirect contact via
water, the floor or buildings that have been contaminated by an
infected individual. The presence of wild fauna was quantified
in free range areas during a 12-month study in the Netherlands
(17). A total of sixteen families of wild birds and five families
of mammals were observed, but the results suggested that avian
influenza virus was transmitted to poultry via indirect contact,
i.e., contact with objects contaminated by wild fauna (17).

In order to limit direct and indirect contact with wild
animals, biosecurity measures can be put in place to reduce
the risk of infections, however these measures depend on the
size of the farms. Avoiding puddles, concrete or pebbles around
the house is the first step to prevent many contact risks. Nets
is a common strategy to prevent high-risk birds from landing
in the free range during times of avian influenza. Fences can
be erected to limit contacts with ground animals and the
attractiveness of the area for wild birds can be reduced with open
landscape and by avoiding pools of water (18). However, open
areas are used less than ranges with trees because of the anti-
predatory behavior of hens. Therefore, some key informants
mentioned that guard animals seem to be a good solution since
they have a noticeable effect on preventing wild birds from
landing and staying on the range (see 2.3 Risk of predation)

Frontiersin Veterinary Science

04

10.3389/fvets.2022.952922

(19). Nevertheless, the introduction of guard animals within
the flock is forbidden for sanitary reasons by regulations in
most European countries as these animals may themselves
carry and transmit bacteria or viruses. A possible alternative
is the use of lasers to repel wild animals (20). However, some
recent outbreaks of avian influenza suggest that vaccination
against the AI virus may be the most effective way to fight
against this disease and changes in vaccination regulation could
be considered.

Several strategies can be used to prevent contamination with
parasites. In mammals, pasture rotation practices are used in
order to limit infestation by endo-parasites. These practices are
less common in poultry production because in most cases they
would reduce the access of birds to the henhouse; however,
this issue could be mitigated with the use of mobile housing
systems, yet published demonstrations are lacking. The early
detection of parasites can be facilitated by detection technologies
that measure the parasitic load and enable farmers to intervene
before the infestation level causes health and behavioral issues.
Ascaridia galli is commonly detected using excreta egg count
and serology, as antibody levels detected by ELISA in hen serum
and yolk are correlated with infection intensity and the duration
of exposure (21). As a consequence, antibody levels in hen yolk
could be an early detection tool for Ascaridia galli infection.
Reduced contamination by red mites can be achieved by the use
of entomopathogenic fungi and predatory mites (15, 22, 23) that
are very congruent with the requirements of organic production.

Systems that monitor microbiological water quality (24)
can also help farmers to avoid contamination. Microbiological
quality of the diet has to be taken in account, especially when the
diet is prepared on the farm, since cereals or other raw material
can be contaminated with bacteria or mycotoxins.

Strengthening immunity system functions

Infectious diseases can be fought by increasing innate
immune defenses active on a large panel of infectious
microorganisms via nutritional means or by using phytotherapy
or aromatherapy (25). Nutrition was mentioned as an important
point by key informants who were aware that it has widespread
consequences on performances, but also health.

Nutritional requirements have to be fulfilled to ensure
health and some of them are increased by the use of the
outdoor range and the energy demand related to motor activity
(26). Diet is usually considered to have a general effect on
the immune system and has to prevent deficiencies. However,
it can also improve resistance of laying hens to parasitic
infection for example, when hens’ diets are supplemented with
omega-3 fatty acids (27). Among new diet components, insects
and insect-derived products can provide a valuable amount
of nutrients (proteins, lipids, vitamins, iron and zinc) while
insect’s antioxidant and antimicrobial peptides and chitin could
stimulate the immune system and modulate gut microbiota (28).
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Diet can be used to provide nutrients that are involved directly in
the defense mechanisms, but also to strengthen gut microbiota
that will impact health, especially through the use of probiotic
supplementation. Probiotics are micro-organisms which when
administered in adequate amount confer a health benefit to the
host. They are a single strain of bacteria or yeast or mixture
of different strains and they can be included in animal food to
improve the gut microbiota balance, and thus prevent or cure
some health disorders. In organic hens, Lactobacillus acidophilus
and Bacillus subtilis promote the presence of beneficial bacteria
(probiotics) in the gut microbiota, while reducing the presence
of potentially harmful bacteria (29). Many other lactic acid
bacteria have also been shown to have probiotic activities in
poultry (30) and Lactobacillus rhamnosus has been recently
shown to exert a transient, beneficial effect on the immune
response and tryptophan catabolism in pullets (31). Changes
in gut microbiota can also be induced by prebiotics that are
materials or nutrients that are used by bacteria and subsequently
modify gut microbiota composition. Supplementation with
prebiotics can also be used to stimulate immune responses
and fight against some pathogens such as harmful bacteria but
also endoparasites (32). Fermented diets can also improve gut
health (33, 34). Nevertheless, an early adaptation to fermented
diets during the rearing period seems to be necessary (35) and
data about the use of such diets are still lacking in outdoor
poultry production.

To limit veterinary drug use, preventing diseases by
strengthening the immunity is part of an integrated
management approach for animal health. For decades,
herbal extracts have been used for their antioxidant,
immunostimulatory, anti-inflammatory and antimicrobial
in livestock (36-38). Plants, herbal
(phytotherapy) or essential oil (aromatherapy) containing

properties extracts
bioactive compounds can be added to the diet, water or
planted directly in the laying hens’ habitat. Self-medication also
appears as an interesting strategy. Chicks stressed by a delayed
placement can also adjust essential oil consumption by uptake
of lemon verbena essential oil known to have antioxidant,
anti-inflammatory, sedative, and digestive effects (39) and it
would be interesting to test this behavior in laying hens.

Use of phytotherapy requires adapted and reliable
methodologies to select plants or their extracts and to evaluate
the quality and the functional added value of the extracts for
the health of the birds (40). For example, activity of Melissa
officinalis on immunity and health has been demonstrated in
a stepwise way (40) that consisted in testing in vitro activities,
then in vivo testing with an inflammation model based on
LPS injection and challenging more than 1,400 birds with
sub-optimal conditions. This methodology can be used and
adapted to the plant extract, the needs of professionals and staff
responsible for health. Nevertheless, their effects on health are
increasingly demonstrated and published, and the interviews
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confirmed that some veterinarians and farmers have used
phytotherapy and aromatherapy for years.

The prophylactic use of vaccines is also possible but their use
against bacteria and viruses varies among European countries;
vaccination against Salmonella is not allowed in every country
for example. Vaccines can be used to avoid coccidiosis since
Eimeria parasites are highly immunogenic and many vaccine
types are available; moreover, this prophylactic method is of high
interest due to the increasing prevalence of Eimeria resistant
strains to current chemicals. Since the authorized pesticides
against red mites are now reduced, vaccination would be useful
and one vaccine (Dg-CatD-1) seems to have a strong and long
lasting efficacy in terms of considerably reducing the egg laying
rate of the mites (41). The use of autogenous vaccines against
infectious diseases is possible in free range laying hens (42),
however it is not well-documented in the academic literature.

Curative methods

Phytotherapy and aromatherapy can also be used as curative
since some of them have been demonstrated as toxic for
pathogens (36, 38, 43, 44) and antifungal effects have also
been described (38). Herbal extracts including essential oils can
inhibit infectious agents such as bacteria (36, 37, 45, 46) or
parasites such as coccidia (47-50). There are sometimes doubts
about the effectiveness of alternative drugs against infection
and the availability of literature is highly variable depending
of the infectious agent. In the case of coccidiosis, a recent
review (49) highlights the anticoccidial activity of several herbal
products not in hens, but in broiler chickens. The activity of
plant extracts against coccidiosis has been extensively studied
and the ways plants fight against Emeiria tenella are various:
some have general properties since they enhance the non-
specific immunity, or show antioxidant, immune-stimulatory,
anti-inflammatory properties, or maintain a healthy microflora
and/or reduce secondary bacterial infection. They can also have
specific activities toward Eimeria that decrease the fecal oocyst
shedding, reduce the cecal lesions in infected chickens and
lower the intensity of bloody diarrhea protecting infected broiler
chickens from pathological symptoms. This description suggests
that a combination of plants would increase efficacy and such
studies are still needed. Such combinations have been tested in
broiler chickens infected with sporulated oocysts of Eimeria spp.
and this experiment demonstrated that one combination was
effective in reducing lesions and oocysts output which was in line
with the highest concentration of polyphenols (50).

The red mites have been commonly controlled with
synthetic acaricides, but few products are licensed in the EU and
many cases of resistance to these acaricides have been reported
(51). Some alternative methods have been developed such as heat
treatments in housing systems, but this method is not practical
to use in wooden shelters. Silica-based products (Amorphous
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Si0,, diatomaceous earth) used as liquid preparation or diet
supplementation with diatomaceous earth are currently used,
but they can also be irritants for hens’ skin and gut and humans
and their effects may be variable (52). Some essential oils have
repellent and toxic effects against red mites (43, 44). The effect
on mortality was quantified after exposure to the essential oils
on filter-papers and the repellent effects were assessed via mites’
avoidance behavior toward the oils (43, 44). The combinations
of plant extracts used on farm are based on the repellent and
the toxic effects of the extracts, however their use has to be
joined with usual biosecurity rules, and possibly heat treatment,
to make protocols highly effective (53).

The proposed solutions against infectious diseases need
further investigation to improve understanding of both
economic impacts of infectious diseases and suitable inputs
to use (range rotation, changes in nutrition, phytotherapy,
aromatherapy, vaccination, etc.) in order to provide farmers
with integrated advice.

Non-infectious disorders

Bone lesions

Laying hens kept in free range and other cage-free systems
can have high activity levels compared to caged hens and as
activity in non-cage systems helps bone apposition (54), it is
expected to reduce occurrence of skeletal problems. However,
collisions with furniture in the house can lead to keel bone
fractures, especially, but not exclusively, when bones are poorly
mineralized. Moreover, as laying hens use a large amount of
calcium for eggshell formation, this high use of minerals can
encourage impaired mineralization of bone tissue and deviations
of the keel bone (Figure 1) (61). These deformities could be
primary or secondary to bone fracture (55) and the fractures
have been mentioned as a serious issue by many key informants.
Keel bone damage, including fractures and deviations, is a
widespread welfare problem in both conventional and organic
systems and its prevalence is expected to increase because the
present or current trend is to lengthen the production cycle of
laying hens (61). Keel damage prevalence ranged from 3 to 88%
in a survey in organic flocks carried out by Jung et al. (56).
Saraiva et al. (62) found that keel bone deviations were present in
60% of the hens reared in free range systems while Bestman et al.
(63) reported that they were present in every flock affecting on
average 21% of the birds. However, it appears that the prevalence
of fractures and deviations are underestimated by the commonly
used palpation method (55).

According to the trauma hypothesis proposed by Wilkins et
al. (57), fractures would result from collisions with the perches,
platforms or other objects in the environment. The housing
system and its design thus influence both bone strength and
the incidence of bone fractures (Figure 1). According to Jung
et al. (56), the main risk factors are aviary vs. floor systems
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and the absence of natural daylight in the hen house, linked
with increased collision risks. In this study, a higher percentage
of underweight hens and a higher laying performance were
found to be associated with a higher prevalence of keel bone
damage, which can be explained by poor bone quality related
to underweight birds or calcium exportation. In Thefner’s study,
the accurate examination of keel bones demonstrated that most
of the fractures were in the caudal parts of the keel and could not
be explained by trauma (55). They were more likely explained
by poorly mineralized bone tissue in the pullets, especially with
low body weight, and the high demand for calcium for eggshell
at a point when bone growth is not yet completed. Pullet rearing
methods and genetic selection for early lay and large eggs thus
also have an impact on bone damage in hens, particularly due to
the late ossification of the full keel bone (58).

The addition of omega-3 polyunsaturated fatty acids has
been mentioned to improve bone strength and reduce bone
breakage (64). However, the inclusion of such a high percentage
of these fatty acids in the ration needs to be assessed for its
economic viability as its addition would be costly. Other diet
improvements are being tested, especially with probiotics (65),
but the benefits remain to be proven. Here again, improving diet
can be an effective way to improve health, which explains that
feeding is considered as a pivotal topic by the key informants.

Thermal stress

Animals housed in free range systems are subject to
variable weather conditions and coping with such conditions
was mentioned as a difficult issue by several key informants.
However, whether free range hens are truly more likely to suffer
from thermal stress still needs to be substantiated by scientific
evidence. At least in theory, free range hens may have more
means for dealing with thermal stress by seeking places in the
free range with shelter or a better microclimate, or they can
choose to go inside when the weather is aversive. Heat stress
decreases feed intake and has a general negative impact on
behavior, performance (egg production, egg quality), growth and
health (66). Some crossbreeds used in free range production
are more resilient to heat stress than pure breeds (67). When
there is no shadow available on the range, hens stay indoors to
avoid the sunshine (68). This behavior increases the stocking
density indoors and hens may suffer from heat stress since
housing used for free range production is sometimes not as well-
ventilated as that used for conventional production systems.
Thus, providing shadow on the range helps hens limit their
heat stress since they are less exposed to sunshine (69, 70) and
can dig holes to keep cooler through contact with the cooler
ground (Figure 2). Covered verandas can also provide shade and
a transition from the house to the free range and they can also
be useful during cold weather to avoid cold coming in through
the pop holes. Cold, rain and wind can limit range use and
many key informants mentioned weather conditions are an issue
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FIGURE 1

Practices to prevent fractures and keel bone damage [Overview from (55-60)].

that is difficult to cope with. The location of the henhouse is
thus pivotal in alternative systems and it should be situated in
areas protected from strong winds, surrounding fields should
be effectively drained and the house should have good thermal
insulation properties.

The risk of predation

As mentioned earlier and by several key informants, poultry
going outside are more exposed to predators, whether it is
from ground-based predators or from the air by birds of prey
or corvids. Ground-based predators, such as foxes, dogs and
mustelids can be kept out by a good electric fence around the
free range. Protecting from aerial predators is more difficult. In
the Netherlands, animal losses due to predation were evaluated
at ~3.7% by 61 farmers who responded to an online survey,
while an on-farm experiment showed that out of 44 hens killed
by predators, 32 deaths were due to birds of prey and dour due
to foxes (71). A similar survey concerning fox predation in the
UK completed by 58 egg producers (72) showed that <2% of hen
mortality was due to fox predation. In all these cases, mortality
may have been underestimated since farmers do not record all
cases of predation.
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Fences protecting for ground predation and guard animals
against crows and raptors were considered by some interviewees
as the best methods to protect laying hens from predators
compared to scaring devices since predators can get used to
them. A recent study of guard dogs by Zingaro et al. (73)
found that they stay with the flock even when unsupervised.
Similarly, the Hennovation project found that Alpacas are also
effective guard animals as they are social but territorial (74)
and some informants also mentioned donkeys as guard animals.
However, the use of guard animals in poultry production is
still relatively rare and dogs behavior toward predators still
needs investigation (19). The use of netting is more and more
widespread, even if nets above wide range areas are difficult
to manage and expensive. Indeed, nets avoid contact with wild
birds that could carry avian influenza virus. Automated laser
devices could be new tools to repel wild birds since they reduced
the birds visiting the range by 98% (20).

Behavior issues in laying hens in
organic and free range systems

The provision of an outdoor area provides opportunities
for the expression of many behaviors such as exploratory
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FIGURE 2
Hens under bushes creating a fresh microclimate.

behavior, comfort behavior (resting, dust and sun bathing, wing
stretching), feeding behavior (catching snails, insects, eating
leaves), running, playing, etc. Moreover, hens using the outdoor
area have less plumage damage, indicating less feather pecking
(75) and the use of the range has implications on some health
variables (8). The use of the range raises many questions since
it may not be used enough if it is not attractive enough for the
hens or it may get damaged by crowding and intensive use if
it is not designed to facilitate the use of the whole range area
(76). As a consequence, range use and range management are
issues that were mentioned by key informants in each country.
Feather pecking was also mentioned as a behavior issue by
key informants.

The use of the outdoor area
The percentage of hens seen on the range at any time

varies between 0% under bad weather conditions to different
percentages according flocks and studies. For example, the mean
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percentage of hens outside in non-organic flocks studied in
the Netherlands was 23% and the variation coeflicient of this
percentage was 65% while the mean percentage in Switzerland
was 48% with a variation coeflicient around 40% (77). Indeed,
studies have shown that the use of the range by laying hens
is limited and mainly influenced by weather and the design of
the range (78). Nevertheless, other studies have shown that the
percentage of hens frequently using the pop holes is above 80%
(79-81). The variations in the use of the outdoor area between
farms can be explained by environmental reasons including
differences such as weather conditions as mentioned above,
range design and stocking density, while intra-flock differences
appear to be related to personality and experience of the hens.

Range vegetation and enrichment

Many hens stay close to the house and do not use the whole
range when trees, shrubs or shelters are not available (77) and
this behavior often leads to damaged areas close to the pop-
holes. This lack of use of some ranges such as open pasture
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can be partly explained by the anti-predatory behavior of the
hens and it appears that providing continuity between the house
and the range through plants and line-shaped elements helps
to increase the distance walked from the house. The addition
of a shelterbelt composed of trees of different heights (1, 2,
and 3m) at 10 and 20 m from the henhouse almost doubled
the percentage of hens observed at more than 20m from the
house (82). According to Nagle and Glatz (82), the addition of
a shade cloth at 10 and 20 m from the shed led to almost twice
as many laying hens being observed outside in the morning.
Enrichment, such as bales of alfalfa, can be used in outdoor
production systems just as they are used in conventional indoor
systems (83). However, in the former context they can also act as
a tool to enhance the use of the range. The use of drinking and
feeding points outside is limited by rules against avian influenza
virus, but feeding motivation can be used to increase range use
by planting attractive plants (chicory, Artemisia annua, Aronia
melanocarpa, etc.) (84) or spreading insect larvae such as black
soldier fly larvae or meal worms (85). Maintaining a dry area to
promote dustbathing in the range can also help range use since
this behavior is commonly seen outside.

Flock size and stocking density

The effects of flock size and stocking density can hardly
be separated in practice on farm since low density is often
associated with small flock size and key informants frequently
linked both parameters. Chielo et al. (86) found that the
percentage of the flock out of the shed increased from 6.3 to
35.1% as the size of the flock was reduced from around 15,600-
3,900 hens. Similarly, Bestman et al. (77) showed that for flocks
composed of around 24,000 or 8,600 individuals, 23 and 52% of
the hens went outside, respectively.

Data show that outdoor density has some effects on the
range use in small flocks. In small experimental flocks of 150
laying hens housed with access to ranges with low, medium
and high outdoor stocking densities (0.5, 1, or 5 m*/hen), hens
from the lowest stocking density on average used the range for
longer each day by weeks 32-36. Moreover, the proportion of
hens that accessed the range daily was 80.5, 66.5, and 71.4% in
the flocks with low, medium, high stocking density, respectively
(87). In another experimental design, organic laying hens from
small flocks (around 400, 600, and 800 hens) were housed in
a multi-tier system with permanent access to an outdoor area
with a veranda and were kept at inside stocking densities of 6,
9, and 12 hens/m? available floor area. Hens kept at the lowest
stocking density outside and the smallest group size appeared
to use the outdoor area more extensively (88). However, studies
on the effects of densities in larger flocks with comparable sizes
are missing.

Early rearing influences

Range use is influenced by external factors as previously
mentioned and by factors related to the hens. Early experiences
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of enrichment have been found to enhance range use. Laying
hens provided with various enrichments (wallpaper, novel
objects attached to feeders and water nipples, flashing lights,
auditory recordings, moving vehicles, etc.) visited the range
more often than birds lacking such enrichments across the first
4-weeks of range access (89). Additionally, pullets provided with
enrichments showed longer maximum visit times than control
hens when aged between 25 and 64 weeks old (90). Thus, early
life experiences influence later range use.

Personality and range use

Some hens never go outside even when the environmental
conditions are favorable and this seems to be linked to
individual personality. Previous studies mentioned personality
traits related to foraging behavior (91) and ranging patterns
(92). Using radio-frequency identification (RFID) technology,
Campbell et al. (92, 93) were able to use hens” ranging behavior
to classify them as indoor hens that rarely went outside, and
outdoor hens that accessed the range daily. Another study
showed that hens aged 20-36 weeks that never used the range
were less likely to use it later, while hens that used the range
intensively over the same life interval were more likely to use
it later on (75). Whether low range use is related to higher
fearfulness is still under investigation. According to Hartcher
et al. (79), low range users whose total duration outside was
16.7h over 13 days, had around 50% longer tonic immobility
durations than high range users whose total duration outside
was 142.5h over the same period, suggesting a higher fearfulness
in low ranger hens. However, this relationship between tonic
immobility duration and range use has not been established in
other studies (94, 95). Fearfulness measured in an open-field test
and in an emergence test was also higher in low ranger hens
(92, 94).

Hence, it appears that more research is required to
understand better how the environmental characteristics of the
range impact exploratory behavior and which personality traits
are related to the propensity of each hen to forage on the
range (96).

Feather pecking

Feather pecking is a behavior that is influenced by many
environmental factors and its occurrence can thus vary greatly
under free range conditions. Feather pecking extends from
gentle pecking that is considered a normal social behavior,
through to severe pecking that can induce pain in the victim,
or in extreme cases can even leave birds featherless and lead
to cannibalism (Figure 3). There are multiple factors leading
to severe feather pecking (SFP) in laying hens and there
are multiple hypotheses as to why SFP outbreaks start. The
redirected foraging hypothesis assumes that foraging behavior
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is a natural behavior of hens and if deprived of opportunities
to forage, hens will start to peck at each other, potentially
creating a SFP episode (91). However, the redirected foraging
hypothesis has been somewhat revised by Newberry et al. (97)
who concluded that, although indeed birds that show high levels
of ground pecking when young are more at risk of developing
feather pecking, the latter does not replace ground pecking. In
their study, adult feather peckers continued to show high levels
of ground pecking as well. Whatever the pathogenesis of SFP,
prenatal and post-natal factors influencing this behavior are
numerous (Figure 3) and some free range conditions can offer

solutions to prevent it.

Influence of genetic and prenatal factors

Several studies (104-111) have demonstrated that genetics
influence the risk of feather pecking and that it is possible to
reduce feather pecking by genetic selection, as the heritability
of gentle and severe feather pecking is sufficient for selection
(112). Indeed, Brinker et al. (113) showed that breeding for
improved plumage condition can be strongly enhanced by using
the recently developed indirect genetic effects models, in which
the genetic influence of an animal on the plumage condition
of its group members can be estimated (111). The main issue
in genetic solutions for free range production is that selection
against feather pecking is not carried out under free range
conditions, which may lead to reduced effectiveness of this
selection. Dual-purpose hybrids can be used to limit feather
pecking (114, 115) and they also provide a solution to avoid the
elimination of 1-day old chicks. Moreover, some dual-purpose
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hybrids are less fearful than conventional layer hybrids which
might make them less sensitive to stress during management
routines (116).

The experience of breeders and their sensitivity to stress can
also influence severe feather pecking behavior in their offspring.
De Haas et al. (117, 118) showed that one of the major risk
factors for feather pecking to develop in commercial rearing
flocks was stress in the parent stock, as evidenced by high
activation of the hypothalamus-pituitary-adrenal (HPA) axis
and increased feather damage. This was mainly the case in flocks
from a White Leghorn genetic background. Nutritional factors
in breeders can also impact feather pecking. This has been
demonstrated in ducks with a diet enriched with omega 3 short
chain fatty acids (98) but has not been established in hens yet.

During the incubation period, exposure to light can
influence feather pecking in those birds once hatched. Riedstra
et al. (119) were the first to report that light (type and duration)
during incubation had an effect. They found that exposure to
white light 3 days before hatching led to an increase in gentle
feather pecking in the chicks. More recently, Ozkan’s group
studied the effects of 16h of light per day during incubation
in broilers (120) and laying hens. In laying hens, they found
that compared to incubation in the dark, white light increased
feather pecking, while exposure to green light would reduce it
post-hatching (121).

Impacts at the pullet stage
According to Bestman et al. (122), 71% of pullets that did
not engage in feather pecking at the pullet stage would not do
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so at the laying stage either. However, at the pullet stage, it is
possible to observe severe feather pecking and feather pecking
that develops during the rearing period increases risks in the
laying period (123). Selection of low and high feather pecking
laying hens strains has been positively linked to locomotor
activities and feather pecking (123). However, selection of
high and low general locomotor activity did not confirm this
result (124).

An enriched environment, for example providing pullets
with litter, will help prevent feather pecking during the laying
period (58) and the absence of litter during early life is a major
risk factor for feather pecking to develop (117, 118). Providing
pullets with a rewarding enrichment, such as hay, reduced the
number of aggressive pecks at 27 weeks compared to hens that
were not enriched during their early life (125), while enrichment
with plastic boxes was not effective. It also seems worthwhile
habituating both parent stock and the rearing flock to humans
and human activities, to make the birds less sensitive to human
disturbance, since fear of humans is another major risk factor
for this behavior (117, 118). A recent review by Mens et al.
(102) concluded that the effects of pullet nutrition on feather
pecking are based on two main routes. The first one uses
the effects of nutrients that act on physiological mechanisms
that avoid deficiencies and imbalances (dietary protein, amino
acids) or on gut microbiome (tryptophan for example, used
in serotonin synthesis, a neurotransmitter involved in feather
pecking). The second route is based on the nutrition effects on
feeding behavior and satiety. This strategy aims at increasing
feeding time with fibers in the diet and occupation with
foraging stimulations.

Finally, access to the range has an influence on the type of
pecking shown (gentle, severe or aggressive) and on the total
number of pecks. In fact, early access to the range at 18 weeks
rather than 22 weeks, resulted in a reduction of pecking behavior
(126). This may be related to a better habituation to the range
and because the stress induced by this new environment does
not overlap the numerous physiological changes experienced at
the onset of laying.

Strategies to limit feather pecking during the
laying period

Several studies have demonstrated a relationship between
range use and feather pecking among laying hens kept in
indoor and free range systems (127, 128). A survey of 1,000
flocks by Bright et al. (129) demonstrated that less canopy
cover within tree-planted areas resulted in poorer plumage
condition at the end-of-lay and they suggested that the degree of
shade encourages the hens outdoors to range, thereby reducing
feather pecking. According to Bestman and Wagenaar (130), the
presence of cockerels within the laying hen flock encourages the
laying hens to make a better use of the range which, in turn,
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leads to reduced feather pecking. However, this factor was not
confirmed by Jung and Knierim (101) in their epidemiological
study. The use of foraging material is mandatory in organic
poultry production (EU Council regulation 1804/1999) and
daily access to this seems to have positive effects on
behavior as it motivates hens to spend time foraging, which
can reduce the incidence of feather pecking and mortality
(131, 132).

Nutrition also affects feather pecking through diet
composition that helps avoid deficiencies and imbalances, and
through presenting feed in a way that favors the time spent
to feed (103, 133). Key informants were aware of the impact
of feeding on this behavior and many of them mentioned
feeding as an issue. Among others, the provision of sulfur amino
acids and tryptophan natural sources should be investigated
carefully because sulfur amino acids are found in feather
composition and because tryptophan influences serotonin
synthesis. Serotonin metabolism appears to be altered during
severe feather pecking (134). Fiber content is also pivotal for
feather pecking to develop since a high fiber diet increases
the time spent feeding, and also because the fiber content
influences gut microbiota composition whose imbalance can
also be related to feather pecking. An interesting option for
feeding enrichment to reduce feather pecking could be to
supply insect larvae. Black soldier fly larvae and house fly
products have been examined as an alternative to soy in diets
and it appears that they have the potential to improve feather
coverage as well as providing the same levels of performance
and egg quality as soy products (135). Furthermore, black
soldier fly larvae might reduce feather pecking in laying hens
(136), a characteristic that has already been identified in turkeys
(135). Supplying insect larvae to laying hens thus seems a
very natural way to stimulate normal exploratory and foraging
behavior and to reduce the risk of feather pecking especially in
organic production where the use of synthetic amino acids is
forbidden (137).

It appears then that many of prevention strategies are
facilitated in free range production systems even if the influence
of genetics, prenatal and nutritional factors require further
investigations in free range hens.

Conclusion

This article reviewed the scientific data regarding specific
welfare issues that are encountered in free range and organic
laying hen systems and the selection of the main issues
was strengthened by the interviews of key informants. Many
different measures have been explored to counterbalance them.
While these systems allow the expression of a wide range
of behaviors, exposure to some diseases, adverse weather
and predation is increased by the outdoor living conditions.
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Nevertheless, a wide array of solutions exists to combat
these collateral effects, through the use of different genotypes
and management strategies (nutritional strategies, design and
management of the range, etc.). Among these solutions, it is
important to highlight that adapting early rearing of pullets
is a pivotal phase to help improve hens' life quality. The
management of the range is a key point to reduce health issues,
especially predation and heat stress, and to increase range use
and prevent severe feather pecking. However, further knowledge
is still required about the ways to enhance the expression of
natural behaviors and the role of hen personality, the efficiency
of alternative drugs against infectious diseases and the influence
of early life conditions.

This review provides information about practices that
have been tested or still need to be explored and this
overview of the literature and expertise of key-informants
can be used by stakeholders and researchers to help
them evaluate the applicability of these solutions for
welfare improvement.

Author contributions

Published literature and research projects’ results were
collected and reviewed by CB, AC, LG, VG, SR-G, TR, FT, SS,
LB, JN, and CL. The interviews were prepared and carried out
by CB, LW, MR, RP, AZ, PV, PP, KW, MV, and CL. CB, AC, LG,
VG, SR-G, TR, FT, SS, LB, JN, and CL wrote the manuscript. All
the authors reviewed and approved the final manuscript.

Funding

The PPILOW project has received funding from the
European Union’s Horizon 2020 research and innovation
program under grant agreement N°816172.

References

1. ANSES. Avis de I’Agence nationale de sécurité sanitaire de lalimentation, de
Penvironnement et du travail relatif au < Bien-étre animal : contexte, définition et
évaluation >>. (2018). p. 1-34. Available online at: https://www.anses.fr/fr/system/
files/SABA20165A0288.pdf (accessed June 28, 2021).

2. ITAVI, SNA. Journée ITAVI pour les Professionnels de la Multiplication et de 1’
Accouvage. Rennes (2019). 115 p.

3. Agence Bio. Organic Farming and Market in the European Union. Montreuil
(2021).

4. European Parliamentary Research Service. The EU Poultry Meat and Egg
Sector. Brussels (2019).

5. Zakowska-Biemans S, Tekien A. Free range, organic? Polish consumers
preferences regarding information on farming system and nutritional
enhancement of eggs: A discrete choice based experiment. Sustainability.
(2017) 9:1-16. doi: 10.3390/su9111999

outdoor runs for
(2006) 54:133-

6. Knierim U. Animal welfare aspects of
laying hens: a review. NJAS Wageningen ] Life Sci.
45. doi: 10.1016/S1573-5214(06)80017-5

Frontiersin Veterinary Science

12

10.3389/fvets.2022.952922

Acknowledgments

We thank the key informants who shared their expertise in
egg production and helped improving this large-scale European
project on animal welfare. We would also like to thank F.
Mercerand for the figure of hens under bushes.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fvets.2022.952922/full#supplementary-material

SUPPLEMENTARY DATA S1
Detailed characteristics of alternative systems for laying hens.

SUPPLEMENTARY DATA S2
Methodology and main results from interviews with key informants.

SUPPLEMENTARY DATA S3
ATOL definitions.

7. Van De Weerd HA, Keatinge R, Roderick S. A review of key health-related
welfare issues in organic poultry production. Worlds Poult Sci J. (2009) 65:649—
84. doi: 10.1017/50043933909000464

8. Campbell DLM, Bari MS, Rault JL. Free-range egg production: its implications
for hen welfare. Anim Prod Sci. (2021) 61:848-55. doi: 10.1071/AN19576

9. Koch G, Elbers ARW. Outdoor ranging of poultry: a major risk factor
for the introduction and development of High-Pathogenecity Avian Influenza.
NJAS Wageningen ] Life Sci. (2006) 54:179-94. doi: 10.1016/S1573-5214(06)80
021-7

10. Van Hoorebeke S, Van Immerseel F, Schulz J, Hartung J, Harisberger
M, Barco L, et al. Determination of the within and between flock prevalence
and identification of risk factors for Salmonella infections in laying hen flocks
housed in conventional and alternative systems. Prev Vet Med. (2010) 94:94-
100. doi: 10.1016/j.prevetmed.2009.11.022

11. Crawshaw T. A review of the novel thermophilic Campylobacter,
Campylobacter hepaticus, a pathogen of poultry. Transbound Emerg Dis. (2019)
66:1481-92. doi: 10.1111/tbed.13229

frontiersin.org


https://doi.org/10.3389/fvets.2022.952922
https://www.frontiersin.org/articles/10.3389/fvets.2022.952922/full#supplementary-material
https://www.anses.fr/fr/system/files/SABA2016SA0288.pdf
https://www.anses.fr/fr/system/files/SABA2016SA0288.pdf
https://doi.org/10.3390/su9111999
https://doi.org/10.1016/S1573-5214(06)80017-5
https://doi.org/10.1017/S0043933909000464
https://doi.org/10.1071/AN19576
https://doi.org/10.1016/S1573-5214(06)80021-7
https://doi.org/10.1016/j.prevetmed.2009.11.022
https://doi.org/10.1111/tbed.13229
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Bonnefous et al.

12. Kaufmann E, Das G, Sohnrey B, Gauly M. Helminth infections in laying
hens kept in organic free range systems in Germany. Livest Sci. (2011) 141:182—
7. doi: 10.1016/j.livsci.2011.05.015

13. Thapa S, Hinrichsen LK, Brenninkmeyer C, Gunnarsson S, Heerkens JLT,
Verwer C, et al. Prevalence and magnitude of helminth infections in organic laying
hens (Gallus gallus domesticus) across Europe. Vet Parasitol. (2015) 214:118—
24. doi: 10.1016/j.vetpar.2015.10.009

14. Scott AB, Phalen D, Hernandez-Jover M, Singh M, Groves P, Toribio
JALML. Wildlife presence and interactions with chickens on Australian
commercial chicken farms assessed by camera traps. Avian Dis. (2018) 62:65-
72. doi: 10.1637/11761-101917-Reg.1

15. Zriki G, Blatrix R, Roy L. Predation interactions among henhouse-dwelling
arthropods, with a focus on the poultry red mite Dermanyssus gallinae. Pest Manag.
Sci. (2020) 3711-9. doi: 10.1002/ps.5920

16. Schmitt E Schade B, Bohm B, Shimoji Y, Pfahler C. Erysipelas in a free-
range layer flock with conjunctival oedema as an unusual clinical sign. Berl Munch
Tierarztl Wochenschr. (2014) 127:183-7.

17. Elbers ARW, Gonzales JL. Quantification of visits of wild fauna to a
commercial free-range layer farm in the Netherlands located in an avian influenza
hot-spot area assessed by video-camera monitoring. Transbound Emerg Dis. (2020)
67:661-77. doi: 10.1111/tbed.13382

18. Bestman M, de Jong W, Wagenaar JP, Weerts T. Presence of avian
influenza risk birds in and around poultry free-range areas in relation to range
vegetation and openness of surrounding landscape. Agrofor Syst. (2018) 92:1001—
8. doi: 10.1007/s10457-017-0117-2

19. Roddick S, Kreplins TL, Kobryn HT, Fleming PA. Livestock guardian dog
protection of free-range poultry from the red fox. Anim Prod Sci. (2022) 1-
13. doi: 10.1071/AN21229

20. Elbers ARW, Gonzales JL. Efficacy of an automated laser for reducing
wild bird visits to the free range area of a poultry farm. Sci Rep. (2021) 11:1-
11. doi: 10.1038/541598-021-92267-z

21. Sharma N, Hunt PW, Hine BC, Sharma NK, Swick RA, Ruhnke I. Detection
of Ascaridia galli infection in free-range laying hens. Vet Parasitol. (2018) 256:9-
15. doi: 10.1016/j.vetpar.2018.04.009

22. Mul M, Van Niekerk T, Chirico J, Maurer V, Kilpinen O, Sparagano
O, et al. Control methods for Dermanyssus gallinae in systems for laying
hens: results of an international seminar. Worlds Poult Sci J. (2009) 65:589-
99. doi: 10.1017/S0043933909000403

23. Wang C, Huang Y, Zhao J, Ma Y, Xu X, Wan Q, et al. First record of Aspergillus
oryzae as an entomopathogenic fungus against the poultry red mite Dermanyssus
gallinae. Vet Parasitol. (2019) 271:57-63. doi: 10.1016/j.vetpar.2019.06.011

24. Germeraad EA, Elbers ARW, de Bruijn ND, Heutink R, van Voorst W,
Hakze-van der Honing R, et al. Detection of low pathogenic avian influenza virus
subtype H10N7 in poultry and environmental water samples during a clinical
outbreak in commercial free-range layers, Netherlands 2017. Front Vet Sci. (2020)
7:1-10. doi: 10.3389/fvets.2020.00237

25. Al-Mnaser A, Dakheel M, Alkandari F, Woodward M. Polyphenolic
phytochemicals as natural feed additives to control bacterial pathogens in the
chicken gut. Arch Microbiol. (2022) 204:1-13. doi: 10.1007/s00203-022-02862-5

26. van Krimpen MM, Binnendijk GP, van den Anker I, Heetkamp MJW,
Kwakkel RP, van den Brand H. Effects of ambient temperature, feather cover, and
housing system on energy partitioning and performance in laying hens. J Anim Sci.
(2014) 92:5019-31. doi: 10.2527/jas.2014-7627

27.  Alhusseiny  SM,  El-Beshbishi ~SN.  Omega
fatty acids and parasitic infections: an overview. Acta Trop.
207:105466. doi: 10.1016/j.actatropica.2020.105466

28. Gasco L, Acuti G, Bani P, Dalle Zotte A, Danieli PP, De Angelis
A, et al. Insect and fish by-products as sustainable alternatives to
conventional animal proteins in animal nutrition. Ital J Anim Sci. (2020)
19:360-72. doi: 10.1080/1828051X.2020.1743209

29. Forte C, Acuti G, Manuali E, Casagrande Proietti P, Pavone S, Trabalza-
Marinucci M, et al. Effects of two different probiotics on microflora, morphology,
and morphometry of gut in organic laying hens. Poult Sci. (2016) 95:2528-
35. doi: 10.3382/ps/pew164

30. Abd El-Hack ME, El-Saadony MT, Shafi ME, Qattan SYA, Batiha GE, Khafaga
AEF et al. Probiotics in poultry feed: a comprehensive review. ] Anim Physiol Anim
Nutr. (2020) 104:1835-50. doi: 10.1111/jpn.13454

31. Mindus C, van Staaveren N, Fuchs D, Gostner JM, Kjaer JB, Kunze W, et al.

L. rhamnosus improves the immune response and tryptophan catabolism in laying
hen pullets. Sci Rep. (2021) 11:19538. doi: 10.1038/541598-021-98459-x

polyunsaturated
(2020)

32. Ricke SC. Prebiotics and alternative poultry production. Poult Sci. (2021)
100:101174. doi: 10.1016/1.psj.2021.101174

Frontiersin Veterinary Science

13

10.3389/fvets.2022.952922

33. Liu Y, Feng J, Wang Y, Lv J, Li J, Guo L, et al. Fermented corn-soybean
meal mixed feed modulates intestinal morphology, barrier functions and cecal
microbiota in laying hens. Animals. (2021) 11:1-14. doi: 10.3390/anil1113059

34. Zhu E Zhang B, Li J, Zhu L. Effects of fermented feed on growth
performance, immune response, and antioxidant capacity in laying hen chicks and
the underlying molecular mechanism involving nuclear factor-kB. Poult Sci. (2020)
99:2573-80. doi: 10.1016/j.psj.2019.12.044

35. Engberg RM, Hammershoj M, Johansen NE Abousekken MS, Steenfeldt S,
Jensen BB. Fermented feed for laying hens: Effects on egg production, egg quality,
plumage condition and composition and activity of the intestinal microflora. Br
Poult Sci. (2009) 50:228-39. doi: 10.1080/00071660902736722

36. Diaz-Sanchez S, D’Souza D, Biswas D, Hanning I. Botanical alternatives
to antibiotics for use in organic poultry production. Poult Sci. (2015) 94:1419-
30. doi: 10.3382/ps/pev014

37. Nazzaro F, Fratianni E De Martino L, Coppola R, De Feo V. Effect
of essential oils on pathogenic bacteria. Pharmaceuticals. (2013) 6:1451-
74. doi: 10.3390/ph6121451

38. Hartady T, Syamsunarno MRAA, Priosoeryanto BP, Jasni S, Balia RL. Review
of herbal medicine works in the avian species. Vet World. (2021) 14:2889-
906. doi: 10.14202/vetworld.2021.2889-2906

39. Guilloteau LA, Collin A, Koch A, Leterrier C. Spontaneous intake and long-
term effects of essential oils after a negative postnatal experience in chicks. Front
Vet Sci. (2019) 6:1-11. doi: 10.3389/fvets.2019.00072

40. Travel A, Petit A, Barat P, Collin A, Bourrier-Clairat C, Pertusa M, et al.
Methodologies to assess the bioactivity of an herbal extract on immunity, health,
welfare and production performance in the chicken: the case of Melissa officinalis
L. Extract Front Vet Sci. (2021) 8:1-17. doi: 10.3389/fvets.2021.759456

41. Price DRG, Kister T, Qines @, Oliver EM, Bartley K, Nunn F et al.
Evaluation of vaccine delivery systems for inducing long-lived antibody responses
to Dermanyssus gallinae antigen in laying hens. Avian Pathol. (2019) 48:560-
74. doi: 10.1080/03079457.2019.1612514

42. Omaleki L, Blackall PJ, Cuddihy T, White RT, Courtice JM, Turni C, et al.
Phase variation in the glycosyltransferase genes of Pasteurella multocida associated
with outbreaks of fowl cholera on free-range layer farms. Microb Genomics. (2022)
8:1-15. doi: 10.1099/mgen.0.000772

43. Nechita IS, Poirel MT, Cozma V, Zenner L. The repellent and persistent
toxic effects of essential oils against the poultry red mite, Dermanyssus gallinae.
Vet Parasitol. (2015) 214:348-52. doi: 10.1016/j.vetpar.2015.10.014

44. Tabari MA, Youssefi MR, Benelli G. Eco-friendly control of the poultry red
mite, Dermanyssus gallinae (Dermanyssidae), using the o-thujone-rich essential oil
of Artemisia sieberi (Asteraceae): toxic and repellent potential. Parasitol Res. (2017)
116:1545-51. doi: 10.1007/s00436-017-5431-0

45. Varmuzova K, Matulova ME, Gerzova L, Cejkova D, Gardan-Salmon D,
Panhéleux M, et al. Curcuma and Scutellaria plant extracts protect chickens against
inflammation and Salmonella Enteritidis infection. Poult Sci. (2015) 94:2049-
58. doi: 10.3382/ps/pev190

46. Sosnowka-Czajka E, Skomorucha I. Effect of supplementation with dried fruit
pomace on the performance, egg quality, white blood cells, and lymphatic organs
in laying hens. Poult Sci. (2021) 100:1-8. doi: 10.1016/j.psj.2021.101278

47. Muthamilselvan T, Kuo TE Wu YC, Yang WC. Herbal remedies for
coccidiosis control: a review of plants, compounds, and anticoccidial actions. Evid
Based Comp Altern Med. (2016) 1-19. doi: 10.1155/2016/2657981

48. Galli GM, Da Silva AS, Biazus AH, Reis JH, Boiago MM, Topazio JP,
et al. Feed addition of curcumin to laying hens showed anticoccidial effect,
and improved egg quality and animal health. Res Vet Sci. (2018) 118:101-
6. doi: 10.1016/j.rvsc.2018.01.022

49. El-Shall NA, Awad AM, El-Hack MEA, Naiel MAE, Othman SI, Allam
AA, et al. The simultaneous administration of a probiotic or prebiotic with live
Salmonella vaccine improves growth performance and reduces fecal shedding
of the bacterium in Salmonella-challenged broilers. Animals. (2020) 10:1-
10. doi: 10.3390/ani10010070

50. Pop LM, Varga E, Coroian M, Nedisan ME, Mircean V, Dumitrache MO, et
al. Efficacy of a commercial herbal formula in chicken experimental coccidiosis.
Parasites Vect. (2019) 12:1-9. doi: 10.1186/s13071-019-3595-4

51. George DR, Finn RD, Graham KM, Mul MFE, Maurer V,; Moro CV, et al. Should
the poultry red mite Dermanyssus gallinae be of wider concern for veterinary and
medical science? Parasites Vect. (2015) 8:1-10. doi: 10.1186/s13071-015-0768-7

52. Bennett DC, Yee A, Rhee Y], Cheng KM. Effect of diatomaceous earth on
parasite load, egg production, and egg quality of free-range organic laying hens.
Poult Sci. (2011) 90:1416-26. doi: 10.3382/ps.2010-01256

53. Filieres avicoles. Comprendre le pou rouge pour mieux Iéradiquer. Cesson-
Sévigné (2015). p. 98-9.

frontiersin.org


https://doi.org/10.3389/fvets.2022.952922
https://doi.org/10.1016/j.livsci.2011.05.015
https://doi.org/10.1016/j.vetpar.2015.10.009
https://doi.org/10.1637/11761-101917-Reg.1
https://doi.org/10.1002/ps.5920
https://doi.org/10.1111/tbed.13382
https://doi.org/10.1007/s10457-017-0117-2
https://doi.org/10.1071/AN21229
https://doi.org/10.1038/s41598-021-92267-z
https://doi.org/10.1016/j.vetpar.2018.04.009
https://doi.org/10.1017/S0043933909000403
https://doi.org/10.1016/j.vetpar.2019.06.011
https://doi.org/10.3389/fvets.2020.00237
https://doi.org/10.1007/s00203-022-02862-5
https://doi.org/10.2527/jas.2014-7627
https://doi.org/10.1016/j.actatropica.2020.105466
https://doi.org/10.1080/1828051X.2020.1743209
https://doi.org/10.3382/ps/pew164
https://doi.org/10.1111/jpn.13454
https://doi.org/10.1038/s41598-021-98459-x
https://doi.org/10.1016/j.psj.2021.101174
https://doi.org/10.3390/ani11113059
https://doi.org/10.1016/j.psj.2019.12.044
https://doi.org/10.1080/00071660902736722
https://doi.org/10.3382/ps/pev014
https://doi.org/10.3390/ph6121451
https://doi.org/10.14202/vetworld.2021.2889-2906
https://doi.org/10.3389/fvets.2019.00072
https://doi.org/10.3389/fvets.2021.759456
https://doi.org/10.1080/03079457.2019.1612514
https://doi.org/10.1099/mgen.0.000772
https://doi.org/10.1016/j.vetpar.2015.10.014
https://doi.org/10.1007/s00436-017-5431-0
https://doi.org/10.3382/ps/pev190
https://doi.org/10.1016/j.psj.2021.101278
https://doi.org/10.1155/2016/2657981
https://doi.org/10.1016/j.rvsc.2018.01.022
https://doi.org/10.3390/ani10010070
https://doi.org/10.1186/s13071-019-3595-4
https://doi.org/10.1186/s13071-015-0768-7
https://doi.org/10.3382/ps.2010-01256
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Bonnefous et al.

54. Casey-Trott TM, Korver DR, Guerin MT, Sandilands V, Torrey S, Widowski
TM. Opportunities for exercise during pullet rearing, Part II: long-term effects
on bone characteristics of adult laying hens at the end-of-lay. Poult Sci. (2017)
96:2518-27. doi: 10.3382/ps/pex060

55. Thefner I, Hougen HP, Villa C, Lynnerup N, Christensen JP.
Pathological characterization of keel bone fractures in laying hens does
not support external trauma as the underlying cause. PLoS ONE. (2020)
15:1-15. doi: 10.1371/journal.pone.0229735

56. Jung L, Niebuhr K, Hinrichsen LK, Gunnarsson S, Brenninkmeyer C,
Bestman M, et al. Possible risk factors for keel bone damage in organic laying hens.
Animal. (2019) 13:2356-64. doi: 10.1017/S175173111900003X

57. Wilkins L], McKinstry JL, Avery NC, Knowles TG, Brown SN, Tarlton J, et al.
Influence of housing system and design on bone strength and keel bone fractures
in laying hens. Vet Rec. (2011) 169:414. doi: 10.1136/vr.d4831

58. Toscano M]J, Dunn IC, Christensen JP, Petow S, Kittelsen K,
Ulrich R. Explanations for keel bone fractures in laying hens: are there
explanations in addition to elevated egg production? Poult Sci. (2020)
99:4183-94. doi: 10.1016/j.psj.2020.05.035

59. Heerkens JLT, Delezie E, Ampe B, Rodenburg TB, Tuyttens FAM. Ramps and
hybrid effects on keel bone and foot pad disorders in modified aviaries for laying
hens. Poult Sci. (2016) 95:2479-88. doi: 10.3382/ps/pew157

60. Tuyttens F, Mackie N, De Knibber S, Delezie E, Ampe B, Rodenburg TB,
et al. Ramps to facilitate access to different tiers in aviaries reduce keel bone
and foot pad disorders in laying hens. In: Proceedings of the 52nd Congress of
the International Society for Applied Ethology: Ethology for Health and Welfare.
Wageningen Academic Publishers. 185 p.

61. Gautron J, Réhault-Godbert S, Van de Braak TGH, Dunn IC.
Review: what are the challenges facing the table egg industry in the
next decades and what can be done to address them? Animal. (2021)
15:100282. doi: 10.1016/j.animal.2021.100282

62. Saraiva S, Esteves A, Stilwell G. Influence of different housing systems
on prevalence of keel bone lesions in laying hens. Avian Pathol. (2019) 48:454—
9. doi: 10.1080/03079457.2019.1620914

63. Bestman M, Wagenaar JP. Health and welfare in Dutch organic laying hens.
Animals. (2014) 4:374-90. doi: 10.3390/ani4020374

64. Toscano MJ, Booth E, Wilkins L], Avery NC, Brown SB, Richards G, et al. The
effects of long (C20/22) and short (C18) chain omega-3 fatty acids on keel bone
fractures, bone biomechanics, behavior, and egg production in free-range laying
hens. Poult Sci. (2015) 94:823-35. doi: 10.3382/ps/pev048

65. Blanton C. Bone response to dietary co-enrichment with powdered whole
grape and probiotics. Nutrients. (2018) 10:1-16. doi: 10.3390/nu10020146

66. Mignon-Grasteau S, Moreri U, Narcy A, Rousseau X, Rodenburg TB, Tixier-
Boichard M, et al. Robustness to chronic heat stress in laying hens: a meta-analysis.
Poult Sci. (2014) 94:586-600. doi: 10.3382/ps/pev028

67. Radwan LM. Genetic improvement of egg laying traits in Fayoumi chickens
bred under conditions of heat stress through selection and gene expression studies.
J Therm Biol. (2020) 89:1-7. doi: 10.1016/j.jtherbio.2020.102546

68. Dawkins MS, Cook PA, Whittingham M]J, Mansell KA, Harper AE. What
makes flee-range broiler chickens range? I situ measurement of habitat preference.
Anim Behav. (2003) 66:151-60. doi: 10.1006/anbe.2003.2172

69. Rana MS, Lee C, Lea JM, Campbell DLM. Commercial free-range laying
hens’ preferences for shelters with different sunlight filtering percentages. Animals.
(2022) 12:1-18. doi: 10.3390/ani12030344

70. Rana MS, Lee C, Lea JM, Campbell DLM. Relationship between sunlight
and range use of commercial free-range hens in Australia. PLoS ONE. (2022)
17:1-27. doi: 10.1371/journal.pone.0268854

71. Bestman M, Bikker-Ouwejan J. Predation in organic and free-range egg
production. Animals. (2020) 10:1-17. doi: 10.3390/ani10020177

72. Moberly RL, White PCL, Harris S. Mortality due to fox predation in free-
range poultry flocks in Britain. Vet Rec. (2004) 155:48-52. doi: 10.1136/vr.155.2.48

73. Zingaro M, Salvatori V, Vielmi L, Boitani L. Are the livestock guarding
dogs where they are supposed to be? Appl Anim Behav Sci. (2018) 198:89-
94. doi: 10.1016/j.applanim.2017.10.002

74. Hennovation. Recommendation for Using Alpacas as Guardians of
Free Range Hens. (2017). Available online at: http://hennovation.eu/resources/
technicalnotesandpractice~abstracts/index.html (accessed June 24, 2020).

75. Rodriguez-Aurrekoetxea A, Estevez I. Use of space and its impact on
the welfare of laying hens in a commercial free-range system. Poult Sci. (2016)
95:2503-13. doi: 10.3382/ps/pew238

76. ITAB. Produire des ceufs biologiques. Paris (2010).

Frontiersin Veterinary Science

14

10.3389/fvets.2022.952922

77. Bestman M, Verwer C, van Niekerk T, Leenstra F, Reuvekamp B, Amsler-
Kepalaite Z, et al. Factors related to free-range use in commercial laying hens. Appl
Anim Behav Sci. (2019) 214:57-63. doi: 10.1016/j.applanim.2019.02.015

78. Pettersson IC, Freire R, Nicol CJ. Factors
behaviour in commercial free-range hens. Worlds
72:137-50. doi: 10.1017/50043933915002664

79. Hartcher KM, Hickey KA, Hemsworth PH, Cronin GM, Wilkinson SJ,
Singh M. Relationships between range access as monitored by radio frequency
identification technology, fearfulness, and plumage damage in free-range laying
hens. Animal. (2015) 10:847-53. doi: 10.1017/S1751731115002463

80. Richards GJ, Wilkins L], Knowles TG, Booth E, Toscano MJ, Nicol CJ, et al.
Continuous monitoring of pop hole usage by commercially housed free-range hens
throughout the production cycle. Vet Rec. (2011) 169:338. doi: 10.1136/vr.d4603

81. Larsen H, Cronin G, Smith CL, Hemsworth P, Rault JL. Behaviour of free-
range laying hens in distinct outdoor environments. Anim Welf. (2017) 26:255-
64. doi: 10.7120/09627286.26.3.255

affecting
Poult Sci J.

ranging
(2016)

82. Nagle TAD, Glatz PC. Free range hens use the range more when the
outdoor environment is enriched. Asian Aust ] Anim Sci. (2012) 25:584-
91. doi: 10.5713/ajas.2011.11051

83. Riber AB, Van De Weerd HA, De Jong IC, Steenfeldt S. Review
of environmental enrichment for broiler chickens. Poult Sci. (2018) 97:378-
96. doi: 10.3382/ps/pex344

84. Dal Bosco A, Mugnai C, Rosati A, Paoletti A, Caporali S, Castellini C. Effect
of range enrichment on performance, behavior, and forage intake of free-range
chickens. ] Appl Poult Res. (2014) 23:137-45. doi: 10.3382/japr.2013-00814

85. Ruhnke I, Normant C, Campbell DLM, Igbal Z, Lee C, Hinch GN, et al.
Impact of on-range choice feeding with black soldier fly larvae (Hermetia illucens)
on flock performance, egg quality, and range use of free-range laying hens. Anim
Nutr. (2018) 4:452-60. doi: 10.1016/j.aninu.2018.03.005

86. Chielo LI, Pike T, Cooper J. Ranging behaviour of commercial free-range
laying hens. Animals. (2016) 6:1-13. doi: 10.3390/ani6050028

87. Campbell DLM, Hinch GN, Dyall TR, Warin L, Little BA, Lee C. Outdoor
stocking density in free-range laying hens: radio-frequency identification of
impacts on range use. Animal. (2017) 11:121-30. doi: 10.1017/S17517311160
01154

88. Steenfeldt S, Nielsen BL. Welfare of organic laying hens kept at
different indoor stocking densities in a multi-tier aviary system. I. Egg
laying, and use of veranda and outdoor area. Anmimal. (2015) 9:1509-
17. doi: 10.1017/S1751731115000713

89. Campbell DLM, Talk AC, Loh ZA, Dyall TR, Lee C. Spatial
cognition and range use in free-range laying hens. Animals. (2018)
8:1-14. doi: 10.3390/ani8020026

90. Campbell DLM, Dyall TR, Downing JA, Cohen-Barnhouse AM, Lee C.
Rearing enrichments affected ranging behavior in free-range laying hens. Front Vet
Sci. (2020) 7:1-14. doi: 10.3389/fvets.2020.00446

91. Klein T, Zeltner E, Huber-Eicher B. Are genetic differences
in foraging behaviour of laying hen chicks paralleled by hybrid-
specific differences in feather pecking? Appl Anim Behav Sci. (2000)
70:143-55. doi: 10.1016/S0168-1591(00)00147-7

92. Campbell DLM, Dickson EJ, Lee C. Application of open field, tonic
immobility, and attention bias tests to hens with different ranging patterns. Peer].
(2019) 2019:1-19. doi: 10.7717/peer;j.8122

93. Campbell DLM, Hinch GN, Downing JA, Lee C. Outdoor stocking density in
free-range laying hens: effects on behaviour and welfare. Animal. (2016) 11:1036-
45. doi: 10.1017/81751731116002342

94. Bari MS, Allen SS, Mesken ], Cohen-Barnhouse AM, Campbell DLM.
Relationship between range use and fearfulness in free-range hens from different
rearing enrichments. Animals. (2021) 11:1-20. doi: 10.3390/ani11020300

95. Larsen H, Hemsworth PH, Cronin GM, Gebhardt-Henrich SG,
Smith CL, Rault JL. Relationship between welfare and individual
ranging behaviour in commercial free-range laying hens. Animal. (2018)
12:2356-64. doi: 10.1017/51751731118000022

96. Ferreira VHB, Guesdon V, Calandreau L. How can the research on chicken
cognition improve chicken welfare: a perspective review. Worlds Poult Sci J. (2021)
77:679-98. doi: 10.1080/00439339.2021.1924920

97. Newberry RC, Keeling LJ, Estevez I, Bil¢tik B. Behaviour when
young as a predictor of severe feather pecking in adult laying hens: The
redirected foraging hypothesis revisited. Appl Anim Behav Sci. (2007)
107:262-74. doi: 10.1016/j.applanim.2006.10.010

98. Baéza E, Chartrin P, Bordeau T, Lessire M, Thoby JM, Gigaud V, et al. Omega-
3 polyunsaturated fatty acids provided during embryonic development improve

frontiersin.org


https://doi.org/10.3389/fvets.2022.952922
https://doi.org/10.3382/ps/pex060
https://doi.org/10.1371/journal.pone.0229735
https://doi.org/10.1017/S175173111900003X
https://doi.org/10.1136/vr.d4831
https://doi.org/10.1016/j.psj.2020.05.035
https://doi.org/10.3382/ps/pew157
https://doi.org/10.1016/j.animal.2021.100282
https://doi.org/10.1080/03079457.2019.1620914
https://doi.org/10.3390/ani4020374
https://doi.org/10.3382/ps/pev048
https://doi.org/10.3390/nu10020146
https://doi.org/10.3382/ps/pev028
https://doi.org/10.1016/j.jtherbio.2020.102546
https://doi.org/10.1006/anbe.2003.2172
https://doi.org/10.3390/ani12030344
https://doi.org/10.1371/journal.pone.0268854
https://doi.org/10.3390/ani10020177
https://doi.org/10.1136/vr.155.2.48
https://doi.org/10.1016/j.applanim.2017.10.002
http://hennovation.eu/resources/technicalnotesandpractice~abstracts/index.html
http://hennovation.eu/resources/technicalnotesandpractice~abstracts/index.html
https://doi.org/10.3382/ps/pew238
https://doi.org/10.1016/j.applanim.2019.02.015
https://doi.org/10.1017/S0043933915002664
https://doi.org/10.1017/S1751731115002463
https://doi.org/10.1136/vr.d4603
https://doi.org/10.7120/09627286.26.3.255
https://doi.org/10.5713/ajas.2011.11051
https://doi.org/10.3382/ps/pex344
https://doi.org/10.3382/japr.2013-00814
https://doi.org/10.1016/j.aninu.2018.03.005
https://doi.org/10.3390/ani6050028
https://doi.org/10.1017/S1751731116001154
https://doi.org/10.1017/S1751731115000713
https://doi.org/10.3390/ani8020026
https://doi.org/10.3389/fvets.2020.00446
https://doi.org/10.1016/S0168-1591(00)00147-7
https://doi.org/10.7717/peerj.8122
https://doi.org/10.1017/S1751731116002342
https://doi.org/10.3390/ani11020300
https://doi.org/10.1017/S1751731118000022
https://doi.org/10.1080/00439339.2021.1924920
https://doi.org/10.1016/j.applanim.2006.10.010
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Bonnefous et al.

the growth performance and welfare of Muscovy ducks (Cairina moschata). Poult
Sci. (2017) 96:3176-87. doi: 10.3382/ps/pex147

99. van Krimpen MM, Kwakkel RP, van der Peet-Schwering CMC, den Hartog
LA, Verstegen MWA. Effects of nutrient dilution and nonstarch polysaccharide
concentration in rearing and laying diets on eating behavior and feather damage of
rearing and laying hens. Poult Sci. (2009) 88:759-73. doi: 10.3382/ps.2008-00194

100. Campbell DLM, De Haas EN, Lee C. A review of environmental enrichment
for laying hens during rearing in relation to their behavioral and physiological
development. Poult Sci. (2019) 98:9-28. doi: 10.3382/ps/pey319

101. Jung L, Knierim U. Differences between feather pecking and non-feather
pecking laying hen flocks regarding their compliance with recommendations for
the prevention of feather pecking - A matched concurrent case-control design.
Appl Anim Behav Sci. (2019) 219:104839. doi: 10.1016/j.applanim.2019.104839

102. Mens AJW, van Krimpen MM, Kwakkel RP. Nutritional
approaches to reduce or prevent feather pecking in laying hens: any
potential to intervene during rearing? Worlds Poult Sci J. (2020)
76:591-610. doi: 10.1080/00439339.2020.1772024

103. De Haas EN, Newberry RC, Edgar J, Riber AB, Estevez I, Ferrante V, et
al. Prenatal and early postnatal behavioural programming in laying hens, with
possible implications for the development of injurious pecking. Front Vet Sci.
(2021) 8:1-17. doi: 10.3389/fvets.2021.678500

104. Iffland H, Wellmann R, Preuf8 S, Tetens J, Bessei W, Piepho HP, et al. A novel
model to explain extreme feather pecking behavior in laying hens. Behav Genet.
(2020) 50:41-50. doi: 10.1007/s10519-019-09971-w

105. Kjaer JB, Sorensen P, Su G. Divergent selection on feather pecking behaviour
in laying hens also affects body weight, egg production and egg quality. Appl Anim
Behav Sci. (2001) 71:229-39. doi: 10.1016/S0168-1591(00)00184-2

106. Su G, Kjaer JB, Serensen P. Variance components and selection
response for feather-pecking behavior in laying hens. Poult Sci. (2005) 84:14-
21. doi: 10.1093/ps/84.1.14

107. Icken W, Cavero D, Schmutz M, Thurner S, Wendl G, Preisinger
R. Analysis of the free range behaviour of laying hens and the genetic and
phenotypic relationships with laying performance. Br Poult Sci. (2008) 49:533-
41. doi: 10.1080/00071660802158357

108. Bestman M, Verwer C, Brenninkmeyer C, Willett A, Hinrichsen LK,
Smajlhodzic E et al. Feather-pecking and injurious pecking in organic laying
hens in 107 flocks from eight european countries. Anim Welf. (2017) 26:355—
63. doi: 10.7120/09627286.26.3.355

109. Lutz V, Stratz P, Preuf3 S, Tetens J, Grashorn MA, Bessei W, et al. A genome-
wide association study in a large F2-cross of laying hens reveals novel genomic
regions associated with feather pecking and aggressive pecking behavior. Genet Sel
Evol. (2017) 49:1-11. doi: 10.1186/s12711-017-0287-4

110. Coton J, Guinebretiére M, Guesdon V, Chiron G, Mindus C, Laravoire A, et
al. Feather pecking in laying hens housed in free-range or furnished-cage systems
on French farms. Br Poult Sci. (2019) 00:1-11. doi: 10.1080/00071668.2019.1639137

111. Ellen ED, Bas Rodenburg T, Albers GAA, Elizabeth Bolhuis J, Camerlink
I, Duijvesteijn N, et al. The prospects of selection for social genetic effects
to improve welfare and productivity in livestock. Front Genet. (2014) 5:1-
14. doi: 10.3389/fgene.2014.00377

112. Rodenburg TB, Buitenhuis AJ, Ask B, Uitdehaag KA, Koene P, Van Der Poel
JJ, et al. Heritability of feather pecking and open-field response of laying hens at
two different ages. Poult Sci. (2003) 82:861-7. doi: 10.1093/ps/82.6.861

113. Brinker T, Bijma P, Visscher J, Rodenburg TB, Ellen ED. Plumage condition
in laying hens: Genetic parameters for direct and indirect effects in two purebred
layer lines. Genet Sel Evol. (2014) 46:1-10. doi: 10.1186/1297-9686-46-33

114. Giersberg MFE, Spindler B, Rodenburg B, Kemper N. The dual-purpose hen
as a chance: avoiding injurious pecking in modern laying hen husbandry. Animals.
(2020) 10:1-14. doi: 10.3390/anil10010016

115. Rieke L, Spindler B, Zylka I, Kemper N, Giersberg MF. Pecking behavior in
conventional layer hybrids and dual-purpose hens throughout the laying period.
Front Vet Sci. (2021) 8:1-10. doi: 10.3389/fvets.2021.660400

116. Giersberg MF, Spindler B, Kemper N. Are dual-purpose hens less fearful
than conventional layer hybrids. Vet Rec. (2020) e35. doi: 10.1136/vr.105790

117. De Haas EN, Bolhuis JE, Kemp B, Groothuis TGG, Rodenburg TB. Parents
and early life environment affect behavioral development of laying hen chickens.
PLoS ONE. (2014) 9:34-8. doi: 10.1371/journal.pone.0090577

118. De Haas EN, Bolhuis JE, de Jong IC, Kemp B, Janczak AM, Rodenburg
TB. Predicting feather damage in laying hens during the laying period. Is

Frontiersin Veterinary Science

15

10.3389/fvets.2022.952922

it the past or is it the present? Appl Anim Behav Sci. (2014) 160:75-
85. doi: 10.1016/j.applanim.2014.08.009

119. Riedstra B, Groothuis TGG. Prenatal light exposure affects early feather-
pecking behaviour in the domestic chick. Anim Behav. (2004) 67:1037-
42. doi: 10.1016/j.anbehav.2003.10.009

120. Ozkan S, Yalgin S, Babacanoglu E, Kozanoglu H, Karadas F, Uysal S.
Photoperiodic lighting (16 hours of light:8 hours of dark) programs during
incubation: 1. Effects on growth and circadian physiological traits of embryos
and early stress response of broiler chickens. Poult Sci. (2012) 91:2912-
21. doi: 10.3382/ps.2012-02426

121. Ozkan S, Dayiolglu M. The effect of lighted incubation on fear responses
in layer chicks at early ages and feather pecking in pullets. In: Xth European
Symposium on Poultry Welfare. 52 p.

122. Bestman M, Koene P, Wagenaar JP. Influence of farm factors on the
occurrence of feather pecking in organic reared hens and their predictability
for feather pecking in the laying period. Appl Anim Behav Sci. (2009) 121:120-
5. doi: 10.1016/j.applanim.2009.09.007

123. Kjaer JB. Feather pecking in domestic fowl is genetically related to
locomotor activity levels: Implications for a hyperactivity disorder model of feather
pecking. Behav Genet. (2009) 39:564-70. doi: 10.1007/s10519-009-9280-1

124. Krause ET, Phi-van L, Dudde A, Schrader L, Kjaer JB. Behavioural
consequences of divergent selection on general locomotor activity in chickens.
Behav Processes. (2019) 169:1-5. doi: 10.1016/j.beproc.2019.103980

125. Daigle CL, Rodenburg TB, Bolhuis JE, Swanson JC, Siegford JM.
Use of dynamic and rewarding environmental enrichment to alleviate feather
pecking in non-cage laying hens. Appl Anim Behav Sci. (2014) 161:75-
85. doi: 10.1016/j.applanim.2014.10.001

126. Petek M, Topal E, Cavusoglu E. Effects of age at first access to range area
on pecking behaviour and plumage quality of free-range layer chickens. Arch Anim
Breed. (2015) 58:85-91. doi: 10.5194/aab-58-85-2015

127. Lambton SL, Knowles TG, Yorke C, Nicol CJ. The risk factors affecting the
development of gentle and severe feather pecking in loose housed laying hens. Appl
Anim Behav Sci. (2010) 123:32-42. doi: 10.1016/j.applanim.2009.12.010

128. Lambton SL, Knowles TG, Yorke C, Nicol CJ. The risk factors affecting the
development of vent pecking and cannibalism in free-range and organic laying
hens. Anim Welf. (2015) 24:101-11. doi: 10.7120/09627286.24.1.101

129. Bright A, Gill R, Willings TH. Tree cover and injurious feather-pecking
in commercial flocks of freerange laying hens: a follow up. Anim Welf. (2016)
25:1-5. doi: 10.7120/09627286.25.1.001

130. Bestman M, Wagenaar JP. Farm level factors
with feather pecking in organic laying hens. Livest Prod Sci.
80:133-40. doi: 10.1016/S0301-6226(02)00314-7

131. Steenfeldt S, Kjaer JB, Engberg RM. Effect of feeding silages or carrots
as supplements to laying hens on production performance, nutrient digestibility,
gut structure, gut microflora and feather pecking behaviour. Br Poult Sci. (2007)
48:454-68. doi: 10.1080/00071660701473857

associated
(2003)

132. Albiker D, Zweifel R. Performance, behaviour und plumage of brown layers
with intact beaks. In: 21st European Symposium on Poultry Nutrition. Salou/Vila-
seca (2017).

133. Kjaer JB, Bessei W. The interrelationships of nutrition and feather pecking
in the domestic fowl - A review. ArchGefliigelk. (2013) 77:1-9.

134. Bolhuis JE, Ellen ED, Van Reenen CG, De Groot ], Napel J. Ten,
Koopmanschap RE, et al. Effects of genetic group selection against mortality on
behavior and peripheral serotonin in domestic laying hens with trimmed and intact
beaks. Physiol Behav. (2009) 97:470-5. doi: 10.1016/j.physbeh.2009.03.021

135. Dorper A, Veldkamp T, Dicke M. Use of black soldier fly and house fly
in feed to promote sustainable poultry production. J Insects as Food Feed. (2021)
7:761-80. doi: 10.3920/JTFF2020.0064

136. Star L, Arsiwalla T, Molist F Leushuis R, Dalim M, Paul A.
Gradual provision of live black soldier fly (Hermetia illucens) larvae to
older laying hens: Effect on production performance, egg quality, feather
condition and behavior. Animals. (2020) 10:1-13. doi: 10.3390/anil00
20216

137. Tahamtani FM, Ivarsson E, Wiklicky V, Lalander C, Wall H,
Rodenburg TB, et al. Feeding live Black Soldier Fly larvae (Hermetia
illucens) to laying hens: effects on feed consumption, hen health, hen
behavior, and egg quality. Poult Sci. (2021) 100:1-11. doi: 10.1016/j.psj.2021.1
01400

frontiersin.org


https://doi.org/10.3389/fvets.2022.952922
https://doi.org/10.3382/ps/pex147
https://doi.org/10.3382/ps.2008-00194
https://doi.org/10.3382/ps/pey319
https://doi.org/10.1016/j.applanim.2019.104839
https://doi.org/10.1080/00439339.2020.1772024
https://doi.org/10.3389/fvets.2021.678500
https://doi.org/10.1007/s10519-019-09971-w
https://doi.org/10.1016/S0168-1591(00)00184-2
https://doi.org/10.1093/ps/84.1.14
https://doi.org/10.1080/00071660802158357
https://doi.org/10.7120/09627286.26.3.355
https://doi.org/10.1186/s12711-017-0287-4
https://doi.org/10.1080/00071668.2019.1639137
https://doi.org/10.3389/fgene.2014.00377
https://doi.org/10.1093/ps/82.6.861
https://doi.org/10.1186/1297-9686-46-33
https://doi.org/10.3390/ani10010016
https://doi.org/10.3389/fvets.2021.660400
https://doi.org/10.1136/vr.105790
https://doi.org/10.1371/journal.pone.0090577
https://doi.org/10.1016/j.applanim.2014.08.009
https://doi.org/10.1016/j.anbehav.2003.10.009
https://doi.org/10.3382/ps.2012-02426
https://doi.org/10.1016/j.applanim.2009.09.007
https://doi.org/10.1007/s10519-009-9280-1
https://doi.org/10.1016/j.beproc.2019.103980
https://doi.org/10.1016/j.applanim.2014.10.001
https://doi.org/10.5194/aab-58-85-2015
https://doi.org/10.1016/j.applanim.2009.12.010
https://doi.org/10.7120/09627286.24.1.101
https://doi.org/10.7120/09627286.25.1.001
https://doi.org/10.1016/S0301-6226(02)00314-7
https://doi.org/10.1080/00071660701473857
https://doi.org/10.1016/j.physbeh.2009.03.021
https://doi.org/10.3920/JIFF2020.0064
https://doi.org/10.3390/ani10020216
https://doi.org/10.1016/j.psj.2021.101400
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	Welfare issues and potential solutions for laying hens in free range and organic production systems: A review based on literature and interviews
	Introduction
	Alternative laying hen farming systems in Europe
	Aim and approach

	Health of laying hens in free range and organic systems
	Infectious diseases
	Bacterial and viral diseases
	Parasitism
	Preventing contamination
	Strengthening immunity system functions
	Curative methods

	Non-infectious disorders
	Bone lesions
	Thermal stress

	The risk of predation

	Behavior issues in laying hens in organic and free range systems
	The use of the outdoor area
	Range vegetation and enrichment
	Flock size and stocking density
	Early rearing influences
	Personality and range use

	Feather pecking
	Influence of genetic and prenatal factors
	Impacts at the pullet stage
	Strategies to limit feather pecking during the laying period


	Conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


