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Abstract: Pecking is one of the most concerning poultry welfare issues in the layer houses, especially
in the cage-free (CF) housing system. Pecking behavior may lead to severe feather pecking (SFP) and
cannibalism when birds feel frustrated, stressed, and dominant over other birds. Since pecking is
caused by multi-factorial problems (e.g., hormonal influence, environment, dietary composition, and
genetic differences), it is very important to find optimal strategies for reducing pecking damage. The
objective of this study was to evaluate the effects of pullet age and management practices on pecking
behavior and to identify the optimal pecking mitigation strategy. Four climate-controlled rooms were
used, each housing 200 Hy-Line W36 pullets, for a total of 800 pullets from 0 to 16 weeks of age
(WOA). Pecking mitigation strategies were tested at different ages, including an isolated chamber (IC)
at 14 WOA, an IC with lotion (water, aloe vera gel, tea tree oil, calendula, and methyl anthranilate),
and a pecking block from 15 to 16 WOA. Data on severe feather pecking (SFP) and mortality were
collected daily from 13 to 16 WOA during the pecking block, IC, and IC with lotion treatments and
from 0 to 16 WOA for the entire pullet cycle of age treatment. Results show that the SFP significantly
increased with the bird’s age (p < 0.01). The SFP started with 5 WOA. About 16% of birds were found
with severe peck damages by 16 WOA. In this study, pecking blocks did not show a reduction in
pecking order, possibly due to pecking at alarming rates. Isolating birds with SFP damages into the
IC and applying lotion resulted in a significant decrease in SFP (p < 0.05) and cannibalism (p < 0.05).
This study provides a reference for commercial CF egg producers to develop on-farm management
strategies for mitigating pecking damage and cannibalism.

Keywords: cage-free housing; animal welfare; feather pecking; cannibalism; management strategies

1. Introduction

Feather pecking (FP) is a serious welfare issue in the poultry industry, associated with
damage to the feathers, injury to body parts, and even death due to cannibalism [1–5].
Based on both the cause and its effects, FP is mainly categorized into five different types:
(a) aggressive pecking (AP; pecking feathers aggressively but not necessarily resulting in
injury or damage to the feather), (b) gentle FP (GFP; pecking the tips of feathers), (c) severe
FP (SFP; forcefully and repeatedly pecking, pulling, and often removing feathers from other
birds, causing skin damage or bleeding), (d) denuded area tissue pecking (DP), and (e) vent
pecking (VP) [6,7]. The GFP is considered normal social behavior, while SFP may result in
aggressive tissue pecking, leading to VP and cannibalism. The occurrence of SFP is mainly
influenced by frustration [8] and stress in birds [4,9,10]. Thus, these behaviors have serious
adverse effects on the health and welfare of the bird. In addition, pulling out feathers
results in fewer feathers from birds causes economic losses for producers because birds
with fewer feathers lose heat faster and require more feed consumption to stay warm [11].
In severe cases, pecking can lead to cannibalism, resulting in the victim bird’s death [7,12].

Feather pecking is a multi-factorial problem and may be caused by four main fac-
tors: hormonal influence [13], environment [4,14], dietary composition [13], and genetic
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differences [14,15] (Figure 1). In addition, pecking behavior has been associated with the
immune system, circadian rhythm, and foraging behavior [16]. Hughes and Duncan [1]
found that pecking behavior (PB) was significantly influenced by light intensity, bird strain,
and housing system, while group size and feed have a minor influence; however, brooding
temperatures and population density did not significantly affect pecking damage. The
GFP was approximately 20 times more frequent with a light intensity of 3 lux, while SFP
was observed 2–3 times more frequently with a light intensity of 30 lux [17]. In addition,
the pecking score was encountered significantly higher in the highest stocking density
chicken [2,4,12,18,19]. Similarly, feather pecking differs according to the poultry housing
system in which birds were raised. The prevalence of FP evaluation at various commer-
cial scales found that the birds raised in a cage-free (CF) housing system have higher FP
behaviors, between 40 and 80% [12]. The mortality rates due to pecking or cannibalism
in different housing systems represented approximately one-third of all mortality rates,
while the lowest mortality was found in the caged system compared to the CF housing
system [12]. Therefore, the SFP needs to be stopped or reduced significantly to improve
welfare and production by identifying the factor that causes SFP.
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To prevent pecking behavior in poultry, various measures were taken into consider-
ation. These include providing enough space and ventilation in their living area [4,14],
ensuring that they have access to clean water and a balanced diet [13], avoiding overcrowd-
ing [2,4,12], and implementing strategies to reduce stress [4,9,10]. These strategies can
involve providing enrichment activities [20–22]. For example, a diet composed of pellets
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reveals a higher prevalence of SFP than a mashed-form diet [18,23]. Similarly, a dietary
supplement with 20 g/kg of L-tryptophan found reduced FP compared to the control treat-
ment (0 g/kg) [18]. According to Van Krimpen [24], FP was reduced by feeding high-fiber,
roughage, and low-energy diets. In addition, the birds bred with suitable genotypes should
be selected (minimal tendencies for FP) to reduce FP, especially in commercial housing
systems [12]. Both now and in the past, laying hens’ beaks are trimmed at 1 day of age to
avoid SFP and negative consequences in poultry production. Beak trimming is widely used
in the US to improve welfare and feather conditions by reducing pecking, feather pulling,
cannibalism, fearfulness, nervousness, chronic stress, and mortality rates [25]. However,
beak trimming also results in welfare concerns, including acute stress, pain (acute or
chronic), reduced body weight, feed intake, and an impairment of beak-related behavior
(feeding, drinking, preening, and pecking) due to the new beak shape and pain following
beak trimming [11,25,26]. In addition, beak trimming can reduce FP and minimize resulting
injuries but cannot remedy the cause. In Europe and the USA, beak trimming is currently
highly criticized because of welfare issues and painful practices that occur while performing
beak-related behaviors [27]. However, regular monitoring and intervention at the earliest
sign of any issues can help prevent pecking behavior from becoming a serious problem.

Pecking behavior can be reduced or prevented through various mitigation measures.
One effective approach is to ensure that birds have sufficient space to move around,
explore, and engage in natural behaviors such as foraging [20]. Providing appropriate
environmental enrichment, such as perches, nest boxes, and toys, can also help alleviate
boredom [21,22] and reduce pecking [20]. Additionally, ensuring that birds have access to a
nutritionally balanced diet and clean water can reduce the likelihood of aggressive pecking
behavior [13]. Finally, monitoring the flock for signs of aggression or injury and promptly
separating any birds that exhibit aggressive behavior can prevent the spread of pecking
behavior. If pecking occurs inside the farm, taking immediate action and finding the factors
affecting the pecking behavior is necessary. Quick action taken on time can save birds
and help to maintain animal welfare inside the housing. This case study was also based
on the immediate call to action to find the best management strategy to control FP and
cannibalism. The objectives of this case study were to identify (i) the effects of a pullet’s age
on severe FP; (ii) the effect of introducing different mitigation strategies of pecking blocks,
isolation cages, and body lotion on the prevention of FP; and (iii) the implementation of the
best pecking mitigation management strategy.

2. Materials and Methods
2.1. Ethical Approval

The case study was conducted in four experimental CF floor-raised rooms at the
University of Georgia (UGA). Before recording data, all the procedures were approved by
UGA Institutional Animal Care and Use Committee (IACUC) (AUF#: A2020 08-014-A2).

2.2. Housing and Management

This case study was observed in four identical CF laying hen rooms (7.3 m L × 6.1 m
W × 3.1 m H) at the University of Georgia Poultry Research Center (Athens, GA, USA). A
total of 800 Hy-line W-36 pullets (non-beak-trimmed) were raised from 1 to 16 weeks of age
(WOA) with a stocking density of 200 pullets per room (4.5 birds/m2 or 5.4 kg/m2). The
stocking density of each bird was more than the recommended space of 0.12–0.14 m2 bird−1.
The rationale behind the low stocking density was to promote animal welfare and natural
behaviors by providing more space for each pullet. Another reason for using low stocking
density was to potentially benefit future research on laying hens by requiring fewer hens
for experimental designs. Furthermore, each room was provided with enrichment, such
as an A-shaped perch (0.18 m bird−1) and bedding material (pine shaving; depth 1 inch
from concrete floor), from day one. In addition, this study provided 12.75 cm feeder space
per pullet and one nipple per 10 pullets. The feed formulation was produced at the UGA
feed mill based on the Hy-line W-36 commercial layer management guidelines (Hy-Line,
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2020). Feeds provided during starter, grower, developer, and pre-lay were completely
antibiotic-free diets.

The lighting system, room temperature, and ventilation rates were controlled and
adjusted according to Hy-line W-36 commercial layer management guidelines with the
help of the Chore-Tronics Model 8 controller (Chore-Time Group, Milford, IN, USA).
As mentioned in previous research, the light system, temperature, and ventilation rates
changed according to different pullet age stages [28,29]. The temperature and relative
humidity data were recorded using an Onset HOBO CO2 data logger (HOBO MX CO2
Logger MX1102A, Bourne, MA, USA). Similarly, light intensity was checked using a light
intensity meter (Dr. Meter, San Francisco, CA, USA), and the light intensity measured
data was shown in Figure 2. Each room was equipped with two circulating fans (Vortex,
Munter’s Corporation, Mason, MI, USA) inside houses and two exhaust fans attached to
the wall (8" small fan and 18" big fan; Vortex, Munter’s Corporation, Mason, MI, USA). In
addition, six cameras (Swann Company, Santa Fe Springs, CA, USA) were mounted in each
room and recorded the birds’ activities for 24 h daily during pullet rearing.
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Figure 2. The light intensity in four CF floor-raised rooms during pullet rearing.

The study monitored the ammonia (NH3) levels in the center of four rooms where
laying hens were kept from the time they hatched until they were 16 WOA. Ammonia
level was measured with a device called the Drager DOL-53 NH3 sensor (Dol-sensors
A/S, Aarhus N, Denmark), which recorded the data every minute for 24 h a day with the
help of Onset’s HOBO RX3000 (Onset Computer Corporation, Bourne, MA, USA), and
a Kitagawa NH3 Sampling Pump (Kit AP-20, Kitagawa America LLC., Pompton Lakes,
NJ, USA) to verify the readings once a week. The study found that the NH3 levels in the
rooms were consistently below 1 part per million (ppm), considered a normal level for
laying hens. Although high levels of NH3 can lead to behavioral changes in chickens [30],
the study suggests that the low levels of NH3 in these rooms were unlikely to have caused
such behavior.

2.3. Behavioral and Clinical Signs

Feather condition inspection was performed regularly to identify SFP behavior in
pullets. During pullet rearing, feather pecking was predominantly observed along the back,
at the tail end, or over the wings. SFP behavior was identified by observing birds rigorously
pecking, plucking feathers, and causing damage to other birds’ tails, vents, feathers, or
necks. The location of the pecked part on the bird depended on the position of the victim
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and the pecking bird. Abdominal pecking was highest when the bird was on the floor or
ground, while neck and tail pecking was highest on perches or elevated structures. The
SFP victims were observed to be aggressive toward or run away from the pecking birds.
Forceful feather pulling caused severe plumage damage, resulting in the birds reacting to
injury, crying out in pain, and looking for a way to escape from the pecking birds. Similarly,
if the victim bird could not defend itself, it surrendered and fell into an ultimate immobility
stage. Pecking birds were more attracted to the bloody parts of victim birds. The red color
of blood on the feathers and open areas made the birds more aggressive and attracted to
the victim, resulting in frequent and forceful pecking. Tissue damage in victim birds caused
excessive blood loss (Figure 3) and increased mortality rates. Moreover, the salty taste and
red color of blood attracted more birds towards the pecked bird, resulting in repeated and
forceful pecking.

Poultry 2023, 2, FOR PEER REVIEW 5 
 

 

2.3. Behavioral and Clinical Signs 

Feather condition inspection was performed regularly to identify SFP behavior in 

pullets. During pullet rearing, feather pecking was predominantly observed along the 

back, at the tail end, or over the wings. SFP behavior was identified by observing birds 

rigorously pecking, plucking feathers, and causing damage to other birds’ tails, vents, 

feathers, or necks. The location of the pecked part on the bird depended on the position 

of the victim and the pecking bird. Abdominal pecking was highest when the bird was on 

the floor or ground, while neck and tail pecking was highest on perches or elevated struc-

tures. The SFP victims were observed to be aggressive toward or run away from the peck-

ing birds. Forceful feather pulling caused severe plumage damage, resulting in the birds 

reacting to injury, crying out in pain, and looking for a way to escape from the pecking 

birds. Similarly, if the victim bird could not defend itself, it surrendered and fell into an 

ultimate immobility stage. Pecking birds were more attracted to the bloody parts of victim 

birds. The red color of blood on the feathers and open areas made the birds more aggres-

sive and attracted to the victim, resulting in frequent and forceful pecking. Tissue damage 

in victim birds caused excessive blood loss (Figure 3) and increased mortality rates. More-

over, the salty taste and red color of blood attracted more birds towards the pecked bird, 

resulting in repeated and forceful pecking. 

 

Figure 3. Severe feather PB showing pecked part near the tail with bloody color in the CF floor-

raised housing system. The rectangle shape in the figure represents the severely pecked part. 

2.4. Management Strategies Implementation 

Pecking behavior is unpredictable and found to be highest in CF housing compared 

to other housing conditions. Gentle FP is not a point of our case study because it is a social 

behavior and did not cause any harm or welfare concern to birds. Instead, this study con-

sidered just SFP behaviors with bloody parts, leading to painful pecking and cannibalism. 

However, it did not matter whether SFP caused a visible wound, but there had to be some 

sign of blood in that area. Bloody parts, or a red color due to bleeding, is the birds’ main 

attraction, which can lead to cannibalism. To prevent further SFP behaviors, we intro-

duced an organic pecking block (Alltech, Inc., Nicholasville, KY, USA) in each room (out-

side of isolate chamber but placed within a room) from 15 to 16 WOA. However, birds 

experiencing SFP with bloody parts also needed to be protected from further pecking con-

dition, which lead to cannibalism. This study introduced a closed, isolated chamber (IC; 

2.4 m L × 1.2 m W × 0.8 m H) placed at the corner of each room to protect severely pecked 

birds from other aggressive birds from 14 WOA. Isolated chambers consisted of a litter 

floor with a nipple drinker, feeder, and perch (Figure 4). The study examined the SFP data 

Figure 3. Severe feather PB showing pecked part near the tail with bloody color in the CF floor-raised
housing system. The rectangle shape in the figure represents the severely pecked part.

2.4. Management Strategies Implementation

Pecking behavior is unpredictable and found to be highest in CF housing compared
to other housing conditions. Gentle FP is not a point of our case study because it is a
social behavior and did not cause any harm or welfare concern to birds. Instead, this
study considered just SFP behaviors with bloody parts, leading to painful pecking and
cannibalism. However, it did not matter whether SFP caused a visible wound, but there
had to be some sign of blood in that area. Bloody parts, or a red color due to bleeding, is
the birds’ main attraction, which can lead to cannibalism. To prevent further SFP behaviors,
we introduced an organic pecking block (Alltech, Inc., Nicholasville, KY, USA) in each
room (outside of isolate chamber but placed within a room) from 15 to 16 WOA. However,
birds experiencing SFP with bloody parts also needed to be protected from further pecking
condition, which lead to cannibalism. This study introduced a closed, isolated chamber
(IC; 2.4 m L × 1.2 m W × 0.8 m H) placed at the corner of each room to protect severely
pecked birds from other aggressive birds from 14 WOA. Isolated chambers consisted of a
litter floor with a nipple drinker, feeder, and perch (Figure 4). The study examined the SFP
data by conducting two separate experiments: one involved introducing a pecking block
outside the IC and within the room to reduce SFP in the room, while the other experiment
used an IC to decrease severe FP in birds brought from the room into the IC.
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Figure 4. Prevention of SFP in Hy-Line W-36 pullets by (a) introducing a pecking block placed
15 cm high from the litter floor and (b) isolating pecked birds into the separate isolated chamber and
providing them with a peck-no-more lotion. The rectangle box indicates the pecking block area.

SFP birds were placed inside the IC until severely pecked parts recovered. Unfortu-
nately, placing them inside a separate IC did not work out, so we introduced Pick-No-More
Cover-up lotion (Rooster Booster, TDL Industries, Inc., Fallon, NV, USA) from 15 to 16 WOA
to cover wounds and stop further pecking. The number of pecked pullets and mortality
were recorded daily.

2.5. Pecking Lotion Application Method

In order to catch severely pecked birds, the light inside the room was turned off, and
the headlight with red light was used. When pecked pullets were discovered, the headlight
was turned off to catch and handle the pullet safely. After catching severely pecked birds,
the pecked parts with blood were covered using a peck-no-more lotion. Pick-No-More
Cover-up lotion is all-natural, non-stinging, and safe to use, which helps to repel aggressive
birds, heal wounds fast, and prevent cannibalism. The amount of lotion applied depends
on the size of the pecked part. After applying lotion, pecked pullets were kept inside IC.

2.6. Statistical Analysis

The four identical CF floor-raised rooms were considered in this case study, and
pecking data were recorded daily and evaluated weekly. Repetition of this study cannot be
possible at this time, which is a limitation of this study. Pecking data over 16 weeks were
first normalized using log10 transformation and later analyzed using two-way ANOVA,
including week as the main effects and rooms as a block in JMP Pro-16 (SAS Institute Inc.,
Cary, NC, USA). Similarly, the pecking data collected before and after the introduction of
pecking blocks and IC were analyzed using a paired t-test. Finally, pecking data obtained
inside IC with and without lotion were normalized using square root transformation
because of the skewed distribution of the data. After the data transformation, the data was
analyzed using Paired t-test.
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3. Results
3.1. Pecking Behavior by Weeks

This case study found that SFP increases with increasing bird age (p < 0.01; Figure 5).
The SFP started at the early stage of the pullet from 5 WOA onward and increased and
then decreased until it reached 13 WOA. The SFP behavior was recorded from 5 WOA and
gradually increased at 6 WOA but decreased to no SFP at 8 WOA. After 8 WOA, there was
a gradual increase in peaking behavior, and this peaked from 13 to 16 WOA, so it was very
important to take quick action to control the increasing SFP. Similarly, the highest SFP was
observed at 16 WOA. On average, 16% of the total birds per room were severely pecked
until they reached 16 WOA. The 16% SFP rate was obtained after isolating pecked pullets
from the normal or aggressive ones. If they were not isolated from the group, these rates
might have increased, resulting in increased mortality rates due to cannibalism. Out of
the 16% severely feather-pecked birds, an almost 6% mortality was recorded during pullet
rearing before the treatments were applied.
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3.2. Pecking Behavior Variation between Rooms

The four rooms used in this case study were identical, but SFP was found to be
different among rooms. The difference can be due to social interaction or the transmission
of behaviors, which makes birds easy and fast to train by observation. Room 2 showed
the highest SFP rates, while the lowest SFP rates were observed in Room 4, as shown in
Figure 6.

3.3. Pecking Behavior between Treatments
3.3.1. Before and after Placing the Isolated Chamber

Severely pecked birds were put inside an IC to protect the pecked birds from pecker
birds. However, the results showed no difference in SFP before and after placing IC
(p = 0.5772; n = 4). Instead of reducing SFP, the prevalence of SFP still existed amongst the
pecked birds inside the IC. When pecked birds were placed inside the IC, the red blood
color attracted the birds to perform further SFP among pullets.
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3.3.2. Isolated Chamber with or without Pecking Lotions

The result shows that by introducing IC, SFP could not be controlled within the room
or the IC chamber, but by integrating IC and peck-no-more lotion, the pecking rates were
significantly reduced compared to treatment with just IC (p = 0.0249; n = 4). Depending on
the wound size, after introducing lotion, it takes around 3 days to 2 weeks for the wound
to recover or heal. After applying lotion, the birds recovered quickly instead of dying
from cannibalism. Furthermore, the number of birds dying from cannibalism was found
insignificant following the introduction of the lotion. Thus, an IC with lotion treatment
reduced SFP significantly and stopped pullets dying from severe feather peaking, which
leads to cannibalism.

3.3.3. Before and after Introducing the Pecking Block

After introducing the pecking block in this study, the result shows significant effects
on increasing SFP (p = 0.0313; n = 4), which might be due to alarmingly high rates of
pre-existing SFP. Although pullets like pecking-on-pecking blocks, the treatment could not
reduce existing SFP. The observations from the camera recording show that pullets were
attracted toward pecking blocks, but we were unable to quantify or track individual pullets
because all pullets looked similar and were large in numbers.

4. Discussion

The current study evaluated pecking behaviors in pullets until 16 WOA and found that
gentle PB was most common and frequently observed in the CF housing with perches and
other enrichments. Furthermore, PB increased with bird age. A previous study on laying
hens also reported increased SFP with age [31], and this varied with hen strain [16,31].
Similarly, SFP has been observed more near nest boxes [32]. However, the increase and
decrease in SFP observed before 13 WOA were due to the unpredictable behavior of birds
inside CF housing [33]. According to Nicol et al. [32], aggressive behavior was higher
in a flock with higher stocking density because the birds resulted to non-social and non-
aggressive behavior, while the case is just the opposite for larger flock sizes where birds
seem to appear to create social hierarchies. However, we found that the pullets in each
room had low stocking density but exhibited higher SFP, which might be due to other
factors contributing to the development of SFP in this study. SFP can result in poor plumage
conditions, which might worsen if SFP increases at a higher rate [6]. The birds with bad
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plumage conditions showed higher heat loss, ultimately increasing feed intake [11]. An
increase in feed cost decreases the profitability of the producer.

The SFP data obtained from each room show the difference in SFP between the rooms.
The room variation might be due to unpredictable PB during bird rearing [33]. Once
pecking starts, the PB transfers through social interaction [34]. Social interaction, learning,
and pecking behavior increase faster where PB already exists [35]. As PB increases and
causes SFP, this might lead to the stage called cannibalism. Cannibalism in pullets leads to
increased mortality. The mortality rates from cannibalism resulting from wounds (bleeding
parts) represent 20%, and are higher in laying hens [12]. Isolating the pecked pullets in
an IC away from other birds helps to reduce the higher mortality rates but is unable to
stop mortality rates because of existing SFP and wounds with red blood. This red color
makes the pullets more aggressive and increases SFP. When severely pecked birds were
introduced to the IC with lotion, the pecking rates decreased to the lowest, and mortality
rates were stopped. Pecking behavior was decreased due to the lotion’s ingredients (water,
aloe vera gel, tea tree oil, calendula, and methyl anthranilate) that repel aggressive birds
and decrease further pecking. In addition, the lotion covers the color of bloody wounds
and helps wounds to heal quickly and prevents further pecking. To heal wounds, it usually
takes 2 to 14 days which depends on the size of the pecked part and the damage to pullets.
Once wounds healed, the birds were put back into the room (out of IC). This might be
the strategy to allow the severely pecked bird to recover and to control further loss and
improve welfare. However, this preventive measure requires more labor, IC, and lotion,
which is expensive. In addition, looking at each bird is time-consuming and very hard. That
is why automatic detection of pecking behavior is required to find the pecking behavior
and find the real cause of the pecking behavior [5].

Similarly, SFP in pullets can be decreased by providing enrichment such as a pecking
block. These pecking blocks and enrichments help decrease the prevalence of SFP by
98.2% and aggressive behavior by 50% in birds [36], while this case study found that when
SFP was at an alarming stage, the pecking block also did not help to control SFP. When
comparing SFP before 13 WOA and after 13 WOA until 16 WOA, this study found that
SFP increased by 300%, which might be due to the birds’ quick learning behavior. Once
the laying hens develop SFP, it may persist for their whole laying stage [15]. However,
providing a pecking block at an early stage might help to reduce the SFP at a later stage [36].
Since the pecking block did not show any reduction in SFP because SFP was at alarming
rates within the farm, separating pecked pullets and introducing IC with lotion treatment
may be the alternative to reduce further pecking and prevent cannibalism amongst pullets
and economic loss due to mortality.

Overall, this case study highlights the importance of action and reaction in controlling
SFP in pullets to prevent mortality rates and improve animal welfare. To prevent SFP,
detailed studies will be required to find the best solution to these problematic behaviors
in hens. Therefore, further research is needed to identify the root causes and develop
tailored strategies to tackle them. In addition, researchers must work closely with industry
stakeholders and policymakers to prioritize animal welfare and sustainable production
while implementing effective measures. A comprehensive approach that considers the
biological, behavioral, and social factors contributing to pecking behavior is necessary to
tackle this issue.

5. Conclusions

This case study showed that SFP increased with pullets’ age. Introducing pecking
blocks and a closed IC inside the room at a later stage of pullet growth and for pullets
with pre-existing pecking damages did not reduce SFP. However, the integrated mitigation
method, IC with lotion treatment, significantly reduced SFP and cannibalism. This case
study provides a reference for the poultry industry to develop systematic prevention
strategies for mitigating pecking damages and associated mortality in commercial cage-
free houses.



Poultry 2023, 2 290

Author Contributions: L.C. and R.B.B. developed the method; R.B.B., S.S., X.Y. and L.C. collected
data; R.B.B. analyzed data; R.B.B. and L.C. wrote the original paper; L.C. provided resources. All
authors have read and agreed to the published version of the manuscript.

Funding: This project was sponsored by the Egg Industry Center, USDA-NIFA AFRI (2023-68008-
39853), UGA CAES Dean’s Research Fund, UGA COVID Research Recovery Fund, Georgia Research
Alliance (Venture Fund), and USDA-NIFA Hatch Project (GEO00895): Future Challenges in Animal
Production Systems: Seeking Solutions through Focused Facilitation.

Institutional Review Board Statement: This case study was recorded in four CF floor-raised houses
at the University of Georgia (UGA). Before recording data, all the procedures were approved by the
UGA Institutional Animal Care and Use Committee (IACUC) (AUF#: A2020 08-014-A2).

Informed Consent Statement: Not applicable.

Data Availability Statement: The data are available on reasonable request from the correspond-
ing author.

Acknowledgments: Prafulla Regmi for suggestions on pecking management; farm staff—Jesse Hanks
and Lindsey Rackett.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hughes, B.; Duncan, I. The Influence of Strain and Environmental Factors upon Feather Pecking and Cannibalism in Fowls. Br.

Poult. Sci. 1972, 13, 525–547. [CrossRef]
2. Allen, J.; Perry, G. Feather Pecking and Cannibalism in a Caged Layer Flock. Br. Poult. Sci. 1975, 16, 441–451. [CrossRef] [PubMed]
3. Coton, J.; Guinebretière, M.; Guesdon, V.; Chiron, G.; Mindus, C.; Laravoire, A.; Pauthier, G.; Balaine, L.; Descamps, M.; Bignon, L.

Feather Pecking in Laying Hens Housed in Free-Range or Furnished-Cage Systems on French Farms. Br. Poult. Sci. 2019, 60,
617–627. [CrossRef]

4. Schwarzer, A.; Rauch, E.; Bergmann, S.; Kirchner, A.; Lenz, A.; Hammes, A.; Erhard, M.; Reese, S.; Louton, H. Risk Factors for the
Occurrence of Feather Pecking in Non-Beak-Trimmed Pullets and Laying Hens on Commercial Farms. Appl. Sci. 2022, 12, 9699.
[CrossRef]

5. Subedi, S.; Bist, R.; Yang, X.; Chai, L. Tracking Pecking Behaviors and Damages of Cage-Free Laying Hens with Machine Vision
Technologies. Comput. Electron. Agric. 2023, 204, 107545. [CrossRef]

6. Savory, C. Feather Pecking and Cannibalism. World’s Poult. Sci. J. 1995, 51, 215–219. [CrossRef]
7. Nikolov, S.; Kanakov, D. Types and Clinical Presentation of Damaging Behaviour—Feather Pecking and Cannibalism in Birds.

BJVM 2022, 25, 349–358. [CrossRef]
8. Rodenburg, T.; Koene, P.; Bokkers, E.; Bos, M.; Uitdehaag, K.; Spruijt, B. Can Short-Term Frustration Facilitate Feather Pecking in

Laying Hens? Appl. Anim. Behav. Sci. 2005, 91, 85–101. [CrossRef]
9. El-Lethey, H.; Aerni, V.; Jungi, T.; Wechsler, B. Stress and Feather Pecking in Laying Hens in Relation to Housing Conditions. Br.

Poult. Sci. 2000, 41, 22–28. [CrossRef]
10. Von Eugen, K.; Nordquist, R.E.; Zeinstra, E.; van der Staay, F.J. Stocking Density Affects Stress and Anxious Behavior in the

Laying Hen Chick during Rearing. Animals 2019, 9, 53. [CrossRef] [PubMed]
11. Gustafson, L.A.; Cheng, H.-W.; Garner, J.P.; Pajor, E.A.; Mench, J.A. Effects of Bill-Trimming Muscovy Ducks on Behavior, Body

Weight Gain, and Bill Morphopathology. Appl. Anim. Behav. Sci. 2007, 103, 59–74. [CrossRef]
12. Blokhuis, H.; Van Niekerk, T.F.; Bessei, W.; Elson, A.; Guémené, D.; Kjaer, J.; Levrino, G.M.; Nicol, C.; Tauson, R.; Weeks, C. The

LayWel Project: Welfare Implications of Changes in Production Systems for Laying Hens. World’s Poult. Sci. J. 2007, 63, 101–114.
[CrossRef]

13. Van Hieu, T.; Qui, N.H.; Quyen, N.T.K. Mitigating Feather Pecking Behavior in Laying Poultry Production through Tryptophan
Supplementation. J. Anim. Behav. Biometeorol. 2021, 10, 2211.

14. Kjaer, J.; Sorensen, P. Feather Pecking Behaviour in White Leghorns, a Genetic Study. Br. Poult. Sci. 1997, 38, 333–341. [CrossRef]
[PubMed]

15. Daigle, C.L. Controlling Feather Pecking and Cannibalism in Egg Laying Flocks. In Egg Innovations and Strategies for Improvements;
Elsevier: Amsterdam, The Netherlands, 2017; pp. 111–121.

16. Falker-Gieske, C.; Bennewitz, J.; Tetens, J. Structural variation and eQTL analysis in two experimental populations of chickens
divergently selected for feather-pecking behavior. Neurogenetics 2023, 24, 29–41. [CrossRef]

17. Kjaer, J.; Vestergaard, K. Development of Feather Pecking in Relation to Light Intensity. Appl. Anim. Behav. Sci. 1999, 62, 243–254.
[CrossRef]

18. Savory, C.; Mann, J.; Macleod, M. Incidence of Pecking Damage in Growing Bantams in Relation to Food Form, Group Size,
Stocking Density, Dietary Tryptophan Concentration and Dietary Protein Source. Br. Poult. Sci. 1999, 40, 579–584. [CrossRef]
[PubMed]

https://doi.org/10.1080/00071667208415981
https://doi.org/10.1080/00071667508416212
https://www.ncbi.nlm.nih.gov/pubmed/1156927
https://doi.org/10.1080/00071668.2019.1639137
https://doi.org/10.3390/app12199699
https://doi.org/10.1016/j.compag.2022.107545
https://doi.org/10.1079/WPS19950016
https://doi.org/10.15547/bjvm.2020-0027
https://doi.org/10.1016/j.applanim.2004.08.023
https://doi.org/10.1080/00071660086358
https://doi.org/10.3390/ani9020053
https://www.ncbi.nlm.nih.gov/pubmed/30744165
https://doi.org/10.1016/j.applanim.2006.04.003
https://doi.org/10.1017/S0043933907001328
https://doi.org/10.1080/00071669708417999
https://www.ncbi.nlm.nih.gov/pubmed/9347139
https://doi.org/10.1007/s10048-022-00705-5
https://doi.org/10.1016/S0168-1591(98)00217-2
https://doi.org/10.1080/00071669986936
https://www.ncbi.nlm.nih.gov/pubmed/10670667


Poultry 2023, 2 291

19. Simonsen, H.; Vestergaard, K.; Willeberg, P. Effect of Floor Type and Density on the Integument of Egg-Layers. Poult. Sci. 1980,
59, 2202–2206. [CrossRef]

20. Schreiter, R.; Damme, K.; von Borell, E.; Vogt, I.; Klunker, M.; Freick, M. Effects of litter and additional enrichment elements on
the occurrence of feather pecking in pullets and laying hens—A focused review. Vet. Med. Sci. 2019, 5, 500–507. [CrossRef]

21. Taylor, P.S.; Hemsworth, P.H.; Rault, J.L. Environmental Complexity: Additional Human Visual Contact Reduced Meat Chickens’
Fear of Humans and Physical Items Altered Pecking Behavior. Animals 2022, 12, 310. [CrossRef]

22. Bist, R.B.; Subedi, S.; Chai, L.; Regmi, P.; Ritz, C.W.; Kim, W.K.; Yang, X. Effects of Perching on Poultry Welfare and Production: A
Review. Poultry 2023, 2, 134–157. [CrossRef]

23. Hartini, S.; Choct, M. Effect of Mash Dietary Fiber on Performance and Cannibalism in Laying Hens. J. Indones. Trop. Anim. Agric.
2010, 36, 50–54. [CrossRef]

24. Van Krimpen, M.; Kwakkel, R.; Reuvekamp, B.; Van Der Peet-Schwering, C.; Den Hartog, L.; Verstegen, M. Impact of Feeding
Management on Feather Pecking in Laying Hens. World’s Poult. Sci. J. 2005, 61, 663–686. [CrossRef]

25. UEP CF-UEP-Guidelines_17-3.Pdf. Available online: https://uepcertified.com/wp-content/uploads/2021/08/CF-UEP-
Guidelines_17-3.pdf (accessed on 18 August 2022).

26. Lagana, C.; Pizzolante, C.C.; Togashi, C.K.; Kakimoto, S.K.; Saldanha, É.S.P.B.; Álvares, V. Beak Trimming Method and Drinking
System and a Their Effect on the Performance and Egg Quality of Japanese Quails. Rev. Bras. Zootec. 2011, 40, 1217–1221.

27. Schwarzer, A.; Plattner, C.; Bergmann, S.; Rauch, E.; Erhard, M.; Reese, S.; Louton, H. Feather Pecking in Non-Beak-Trimmed and
Beak-Trimmed Laying Hens on Commercial Farms with Aviaries. Animals 2021, 11, 3085. [CrossRef]

28. Bist, R.B.; Chai, L.; Yang, X.; Subedi, S.; Guo, Y. Air Quality in Cage-Free Houses during Pullets Production; American Society of
Agricultural and Biological Engineers: St. Joseph, MI, USA, 2022; p. 1.

29. Yang, X.; Chai, L.; Bist, R.B.; Subedi, S.; Guo, Y. Variation of Litter Quality in Cage-Free Houses during Pullet Production; American
Society of Agricultural and Biological Engineers: St. Joseph, MI, USA, 2022; p. 1.

30. Bist, R.B.; Subedi, S.; Chai, L.; Yang, X. Ammonia emissions, impacts, and mitigation strategies for poultry production: A critical
review. J. Environ. Manag. 2023, 328, 116919. [CrossRef]

31. Rieke, L.; Spindler, B.; Zylka, I.; Kemper, N.; Giersberg, M.F. Pecking behavior in conventional layer hybrids and dual-purpose
hens throughout the laying period. Front. Vet. Sci. 2021, 8, 660400. [CrossRef]

32. Nicol, C.; Gregory, N.; Knowles, T.; Parkman, I.; Wilkins, L. Differential Effects of Increased Stocking Density, Mediated by
Increased Flock Size, on Feather Pecking and Aggression in Laying Hens. Appl. Anim. Behav. Sci. 1999, 65, 137–152. [CrossRef]

33. Kops, M.S.; de Haas, E.N.; Rodenburg, T.B.; Ellen, E.D.; Korte-Bouws, G.A.; Olivier, B.; Güntürkün, O.; Bolhuis, J.E.; Korte, S.M.
Effects of Feather Pecking Phenotype (Severe Feather Peckers, Victims and Non-Peckers) on Serotonergic and Dopaminergic
Activity in Four Brain Areas of Laying Hens (Gallus Gallus Domesticus). Physiol. Behav. 2013, 120, 77–82. [CrossRef]

34. Sedlackova, M.; Bilcik, B.; Kostal, L’. Feather Pecking in Laying Hens: Environmental and Endogenous Factors. Acta Vet. Brno
2004, 73, 521–531. [CrossRef]

35. Iffland, H.; Wellmann, R.; Preuß, S.; Tetens, J.; Bessei, W.; Piepho, H.P.; Bennewitz, J. A novel model to explain extreme feather
pecking behavior in laying hens. Behav. Genet. 2020, 50, 41–50. [CrossRef] [PubMed]

36. Zepp, M.; Louton, H.; Erhard, M.; Schmidt, P.; Helmer, F.; Schwarzer, A. The Influence of Stocking Density and Enrichment on the
Occurrence of Feather Pecking and Aggressive Pecking Behavior in Laying Hen Chicks. J. Vet. Behav. 2018, 24, 9–18. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3382/ps.0592202
https://doi.org/10.1002/vms3.184
https://doi.org/10.3390/ani12030310
https://doi.org/10.3390/poultry2020013
https://doi.org/10.14710/jitaa.36.1.50-54
https://doi.org/10.1079/WPS200478
https://uepcertified.com/wp-content/uploads/2021/08/CF-UEP-Guidelines_17-3.pdf
https://uepcertified.com/wp-content/uploads/2021/08/CF-UEP-Guidelines_17-3.pdf
https://doi.org/10.3390/ani11113085
https://doi.org/10.1016/j.jenvman.2022.116919
https://doi.org/10.3389/fvets.2021.660400
https://doi.org/10.1016/S0168-1591(99)00057-X
https://doi.org/10.1016/j.physbeh.2013.07.007
https://doi.org/10.2754/avb200473040521
https://doi.org/10.1007/s10519-019-09971-w
https://www.ncbi.nlm.nih.gov/pubmed/31541310
https://doi.org/10.1016/j.jveb.2017.12.005

	Introduction 
	Materials and Methods 
	Ethical Approval 
	Housing and Management 
	Behavioral and Clinical Signs 
	Management Strategies Implementation 
	Pecking Lotion Application Method 
	Statistical Analysis 

	Results 
	Pecking Behavior by Weeks 
	Pecking Behavior Variation between Rooms 
	Pecking Behavior between Treatments 
	Before and after Placing the Isolated Chamber 
	Isolated Chamber with or without Pecking Lotions 
	Before and after Introducing the Pecking Block 


	Discussion 
	Conclusions 
	References

