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Simple Summary: Cannibalism is one of the biggest welfare issues of today’s turkey husbandry.
We hypothesized that changes in pecking activity might indicate imminent cannibalism. Therefore,
in this pilot study a newly developed automatic pecking activity detection was validated,
and continuously applied to gain information about pecking activity of group-housed turkeys
during the rearing phase and before a cannibalistic outbreak. The pecking object was used by turkeys
the whole recording time. Activity on the object was highest in the morning. No clear trend in
pecking activity development before an outbreak has yet been found. Pecking detection has to be
further tested under various farm conditions. The system can be used in further research in order to
survey changes in pecking activity in turkeys.

Abstract: In search for an early warning system for cannibalism, in this study a newly developed
automatic pecking activity detection system was validated and used to investigate how pecking activity
changes over the rearing phase and before cannibalistic outbreaks. Data were recorded on two farms,
one with female (intact beaks) and the other with male (trimmed beaks) turkeys. A metallic pecking
object that was equipped with a microphone was installed in the barn and video monitored. Pecking
activity was continuously recorded and fed into a CNN (Convolutional neural network) model that
automatically detected pecks. The CNN was validated on both farms, and very satisfactory detection
performances were reached (mean sensitivity/recall, specificity, accuracy, precision, and F1-score
around 90% or higher). The extent of pecking at the object differed between farms, but the objects were
used during the whole recording time, with highest activities in the morning hours. Daily pecking
frequencies showed a low downward trend over the rearing period, although on both farms they
increased again in week 5 of life. No clear associations between pecking frequencies and in total three
cannibalistic outbreaks on farm 1 in one batch could be found. The detection system is usable for
further research, but it should be further automated. It should also be further tested under various
farm conditions.

Keywords: automatic detection; cannibalism; environmental enrichment; pecking activity;
poultry; welfare

1. Introduction

Poultry meat production increased between 1961 and 2017 from nine to 122 million tons due to
increasing demand [1]. In 2018, the share of turkey meat was 4.6%, with 5.9 million tons produced
worldwide [2]. At the same time, consumers demand higher farm animal welfare standards, especially in
middle and northern Europe e.g., Germany [3]. Turkey husbandry is saddled with many welfare
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challenges, for example, cannibalism and severe feather pecking, which are abnormal redirected
behaviors [4,5]. Cannibalism is one of the major issues and it is defined as the pecking of the skin
of a conspecific, which leads to wounds and the intake of blood or tissue by the pecking animal [6].
Cannibalism can spread rapidly throughout the herd [6] and it often results in the death of the affected
animals [6,7]. It is also a major economic problem for poultry farmers [8] and it can occur at any time,
both during rearing and fattening. Birds with pecking injuries were found as early as the first weeks of
life [7,9,10]. As a preventive intervention beak trimming is generally used. However, it does not remedy
the cause, but only minimizes resulting injuries. Beak trimming is a highly criticized practice regarding
animal welfare. It is a painful practice that has an influence on beak related behavior [11,12]. Hence, it is
discussed to be banned in Germany [13,14]. Should the ban be approved, farmers will likely encounter
higher numbers of injured and/or dead animals [5,15]. One possibility for minimizing the problem could
be the detection of imminent cannibalism to prevent it from spreading. For this, a reliable indicator
and practical way to assess this indicator needs to be found. Looking at the case of tail biting in pigs,
indications of restlessness before tail biting were found by Statham et al. [16] (more standing, less sitting
or lying inactive four days before a tail biting event) and Zonderland et al. [17] (more posture changes,
increase in total activity). Additionally, turkey farmers often report an increase in bird activity before a
cannibalistic outbreak. A considerable proportion of activity accounts for beak related behavior (45% in
week 2 to 28% in week 11 of life), which consists of feeding, drinking, preening, and environmental and
bird pecking [18]. Moreover, nutrient deficiencies were found to increase the exploratory behavior on
an individual level, which can be redirected towards other birds [19] (for domestic fowl). Studies on an
individual, genetic level yielded heterogeneous results on the possible relationships between foraging
or explorative pecking and redirected pecking. Cloutier et al. [20] (for laying hens) and Busayi et al. [21]
detected no association between pecking at inanimate objects (object pecking) in a test situation and
feather pecking or cannibalism. In contrast, Rodenburg and Koene [22] found laying hens selected
for low feather pecking to perform more ground pecking than lines selected for high feather pecking.
However, no study looked yet at longitudinal turkeys’ pecking activity changes on the group level in
relation to occurrences of cannibalism.

Studies on pecking behavior in turkeys have mainly been done by direct observation and under
experimental conditions [18,23–25]. Busayi et al. [21] used a Peckometer to assess the pecking activity
(pecks and pulls) of two different turkey breeds in an experimental pen. The Peckometer consisted
of feathers in a resilient holder. Oscillations that resulted from pulling or pecking were recorded by
strain gauges. This approach was not further investigated. Further, the Peckometer was never used
to continuously record pecking under near farm conditions. However, in this way, subtle changes
for example of pecking activity would be impossible to detect. Automatic systems gained popularity
and importance over the last years. They are increasingly used for recording welfare measures in
farm animal husbandry. One recording method is audio analysis. This method is for example used
in poultry for the monitoring of feed intake [26], disease [27,28], thermal comfort [29], and abnormal
vocalization [30,31]. Bright [31], for example, found laying hen flocks with feather pecking to perform
significantly more startle/pain squawks per second and showed overall more vocalization per second
than non-feather pecking flocks. In this study, spectrograms and visual inspection were used in order
to assign call types. Aydin et al. [26] linked the pecking sound of 12 individual broilers with the total
feed intake. They were able to identify pecking sounds with an accuracy of 93% and found a strong
correlation between pecking and feed intake. However, audio analysis also has the potential to detect
pecking activity in a flock at an inanimate object.

The objective of this work was to test a newly developed automatic detection system for pecking
activity of turkeys based on audio data analysis [32] under near-commercial conditions. The aims
were to (1) validate the system, (2) explore pecking activity at an inanimate non-edible object in
the long-term during the rearing phase, and (3) test for interrelations between pecking activity and
cannibalistic events.
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2. Materials and Methods

2.1. Equipment for Data Recording

Two newly developed pecking objects (PO, stainless steel balls, diameter of 130 mm) were
suspended from the ceiling and positioned around 20 cm above the ground. Each ball had a built-in
microphone (Monacor VB-120MIC, bit rate of 128 kbps, and audio sample rate of 44,100 Hz) and,
for validation purposes, was connected via cable to a camera (TosiNet Realtime 2K 4MP PoE-IP-camera,
frame rate of 20 fps). The camera was positioned on the ceiling with its lens pointing downward and
directly above the ball. The height of the POs was adjusted every week based on the growth and height
of the birds. They were supposed to reach the middle of the ball easily with their beak.

2.2. Data Processing

Recorded audio data were extracted from video footages and sampled in 1 s slots at 44.1 kHz.
Surrounding noise (e.g., ventilation and heating systems, bird vocalization, and other low-frequency
ambient sounds) were eliminated by a high-pass filter (stopband attenuation = 36 dB, Steepness = 0.8,
minimum-order infinite impulse response filter) with a cut-off frequency of 1.6 kHz [32]. The filtered
sound files were fed into a convolutional neural network (CNN) model. The detection method was
developed in MATLAB 2018b (MathWorks®). For more details on the development of the used
CNN-model, see Nasirahmadi et al. [32]. The model detected pecks on a one second basis, regardless
of how many pecks happened in that second, and they were coded as 1 for “peck” and 0 for “non-peck”
in Excel files (.xlsx). Altogether, around 2,376,000 million data points consisting of either 1 or 0 were
analyzed for this study.

2.3. Farm 1

2.3.1. Animal and Housing

The experiment was conducted on a German research farm (Farm for Education and Research
in Ruthe of the University of Veterinary Medicine Hannover, Foundation) during two rearing and
fattening periods with a group of 2170 female turkeys (B.U.T. Big 6) with intact beaks. From day one,
the birds were housed in a Louisiana type barn (29.2 × 15.9 m, 320 m2) that was equipped with natural
and forced ventilation systems. The birds were fed according to a multiphase feeding program and
provided with wood shavings as bedding material. A light program with artificial light sources (at least
20 lux) in addition to natural light supplied light for not more than 16 h. In the case of cannibalism,
the light was dimmed to under 20 lux for a short period of time. Lighting, feeding, temperature and
other husbandry regimes were in accordance with German practice recommendations [33]. The birds
stayed in the same barn during rearing and fattening. For the first seven days, turkey chicks were reared
in smaller groups in chick guards (plastic rings) in order to keep them close to the heater, feed and
water and minimize animal losses. After the chick guards had been opened, birds had unrestricted
continuous access to the two pecking objects (PO1 and PO2) at different places in the barn. The birds
were provided with different kinds of environmental enrichments at all times and additionally when
required, for example, after a cannibalistic outbreak. Enrichment consisted of e.g., egg cartons, hanging
metal pieces, paper towels, or popcorn.

2.3.2. Validation

One rearing and fattening period was used in order to validate detection performance. Data were
available from week 2 until 14 of life (lacking data for week 15–16 due to technical problems).
Randomly selected 300 s per week were fed into the CNN-model for detection. During the same
time, one-zero behavior sampling [34] per second was carried out from video, i.e., for each second it
was noted whether pecks occurred or not. The trained observer reached a very good intra-observer
reliability (PABAK = 0.94). The evaluation parameters were calculated.
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2.3.3. Data Recording

A rearing and fattening period under similar conditions was used to continuously record pecking
activity. Videos and sounds were continuously recorded for 14 weeks (week 2–15 of life; missing
data for week 16 due to technical difficulties). Data were analyzed from 7 a.m. until 7 p.m. (12 h)
during the full rearing period (week 2 to 5, day of live 8–35). This covered a great part of the light
period (6 a.m.–10 p.m.). Further, data for three cannibalistic events were analyzed. Nine days before a
cannibalistic outbreak and the first day of the outbreak were included in the analysis.

Farm documentation included number of birds separated or killed per day and probable cause,
particularly in the case of pecking injuries, daily times of animal controls or entering the pen for
other reasons (e.g., provision of litter or enrichments). When, at minimum, nine birds were killed
or separated due to pecking injuries within 24 h, it was regarded a cannibalistic outbreak and farm
practice reported the incident (modified after Kulke et al. [10], with a slightly lower number than the
proposed 0.5 % of injured animals, to ensure early detection). This criterion was fulfilled three times,
in week 4, 10, and 15 of life.

2.4. Farm 2

2.4.1. Animal and Housing

The second part of the experiment was conducted on a commercially managed farm in a group
of 6450 male turkeys (B.U.T. Big 6) with trimmed beaks. From day one, the turkeys were housed in
a closed barn with forced ventilation. Rearing took place in a barn where females were also reared
in a separate section. Thereafter the males were transferred to a similarly equipped fattening barn.
The birds were fed according to a multiphase feeding program and provided with straw as bedding
material. A light program with artificial light sources (at least 20 lux) in addition to natural light
supplied light for not more than 16 h. In the case of cannibalism, the light was dimmed to under 20 lux.
Stocking density, lighting, feeding, temperature, and other housing systems were in accordance with
German practice recommendations [33]. From day one, the chicks had unrestricted, continuous access
to the entire barn and the pecking object. This pen was equipped with one pecking object in the middle
of the pen. The birds were not provided with changing environmental enrichment.

2.4.2. Validation

Two weeks during the rearing period were validated in order to verify that the detection system
could reliably detect pecking activity under different environmental and management conditions
without re-training and using the same CNN model. For week 4 and 5 of live 120 s were randomly
selected and fed into the model for detection. Validation was conducted, as described above.

2.4.3. Data Recording

Video and audio data were continuously recorded during the rearing period (week 2 to 5, day of
life 8–35). Data were analyzed from 7 a.m. until 7 p.m. (12 h). No cannibalistic outbreak occurred
during the rearing period according to farm documentation.

2.5. Statistical Analysis

For descriptive statistics and statistical analysis, the R-Software was used (R Core Team, 2020).
Sensitivity/recall, specificity, precision, accuracy, and F1-score (Table 1) were calculated for validation
data. Due to non-normal distribution of the data (Shapiro-Wilk Test), Spearman correlation analyses
were performed concerning the interrelation between pecking activity at PO1 and PO2 on farm 1,
between mean daily pecking activity and day of life on both farms, as well as between the mean daily
pecking activity and number of injured animals on farm 1. To test for differences in pecking activity
during different times of day, data of the whole rearing period for each farm were categorized into
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morning (7–11 a.m.), noon (11 a.m.–3 p.m.), and afternoon (3–7 p.m.), and then compared using the
Friedman rank sum test.

Table 1. Equation and definition of evaluation parameters.

Term Equation/Definition

Sensitivity/Recall TP
TP + FN × 100

Specificity TN
TN + FP × 100

Accuracy TP + TN
TP + TN + FP + FN × 100

Precision TP
TP + FP × 100

F1-score 2×
(

Recall × Precision
Recall + Precision

)
× 100

True Positive (TP) observed pecking = recorded pecking
True Negative (TN) observed non-pecking = recorded non-pecking
False Positive (FP) observed non-pecking , recorded pecking

False Negative (FN) observed pecking , recorded non-pecking

3. Results

3.1. Validation of Detection System

For most parameters values of 80% and higher were reached, with only single lower values:
on farm 1 in four weeks for precision (lowest: 44.4% in week 8) and for F1-scores (lowest: 50.0% in
week 8) and in two weeks for sensitivity (lowest: 57.1% in week 8), and on farm 2 for sensitivity (74.2%)
in week 4 (Table 2). Summarized over all weeks, the detection performance on farm 1 was around 90%
and higher for all parameters (Table 2).

Table 2. Detection success of the convolutional neural network (CNN) model for female turkeys with
intact beaks, n = 300 s (farm 1, weeks of life 2–14) and male turkeys with trimmed beaks, n = 120 s
(farm 2, week of life 4 and 5).

Week TP TN FP FN Sensitivity/Recall
(%)

Specificity
(%)

Accuracy
(%)

Precision
(%)

F1-Score
(%)

Farm 1

2 45 240 11 4 91.8 95.6 95.0 80.4 85.7
3 51 242 5 2 96.2 98.0 97.7 91.0 93.6
4 166 117 13 4 97.6 90.0 94.3 92.7 95.1
5 141 152 1 0 100.0 99.3 99.7 99.3 99.7
6 89 184 9 18 83.2 95.3 91.0 90.8 86.8
7 13 283 2 2 86.7 99.3 98.7 86.7 86.7
8 4 288 5 3 57.1 98.3 97.3 44.4 50.0
9 25 269 0 6 80.6 100.0 98.0 100.0 89.3

10 3 295 1 1 75.0 99.7 99.3 75.0 75.0
11 8 284 6 2 80.0 97.9 97.3 57.1 66.7
12 24 259 15 2 92.3 94.5 94.3 61.5 73.9
13 20 277 0 3 87.0 100.0 99.0 100.0 93.0
14 34 255 4 7 82.9 98.5 96.3 89.5 86.1

Total 623 3145 72 54 92.0 97.8 96.8 89.6 90.8

Farm 2

4 23 86 1 10 74.2 98.9 90.8 95.8 83.6
5 42 69 5 4 91.3 93.2 92.5 89.4 90.3

3.2. Pecking Activity over the Rearing Period

The pecking frequencies showed similar trends at both pecking objects (Spearman correlation
analysis: r = 0.751, p < 0.001, n = 27, one missing value). Mean pecking frequencies varied on both farms
over the 28 days (LW 2–5) of the rearing period. On farm 1, the mean pecking frequencies per hour at
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both pecking objects over the 12 h recording time had the largest fluctuations in weeks 2 and 5. In weeks
3 and 4, the frequency of pecking decreased steadily, down to a mean of 64.3 (median 56) pecks/h on
day 26, when a cannibalistic outbreak was reported. The standard deviation also decreased during
this time (Figure 1). On farm 2, a higher mean pecking activity, fluctuation, and standard deviation
could generally be observed. From the fourth week of life onwards pecking activity decreased and
reached its lowest value on the 29th day with an average value of 494.16 (median 380) pecks/h. On both
farms, the mean pecking activity showed moderate and low negative correlation with increasing age
(Spearman correlation: Rfarm1 = −0.519, p < 0.001; Rfarm2 = −0.256, p < 0.001), although the pecking
activity increased again in week 5 (Figure 1).
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3.3. Variation in Pecking Activity over the Day

Figure 2 shows the differences between mean pecking frequencies during morning, noon,
and afternoon on both farms. With regard to the daily distribution, the highest pecking activity on
both farms was in the morning, decreasing during the day until afternoon (Friedman rank sum test,
p < 0.001, n = 28 days).

3.4. Pecking Activity and Cannibalistic Events

First birds with pecking injuries were recorded on the 10th day of life. The first cannibalistic
outbreak was reported on day 26 (six birds with injuries on day 25 and seven birds with injuries the
next morning). Over the whole rearing period, there was a trend for a low negative correlation between
pecking frequency and numbers of injured animals (Spearman correlation: R =−0.352, p = 0.072,
n = 27 days). At the same time, the number of different enrichments provided increased following an
increase in the number of injured animals (Figure 3).
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Figure 3. Mean values and standard deviations of pecking frequencies per hour (blue) for life day
8–35 on farm 1 (n = 12 h, day 28: missing value), number of injured animals (black) separated and the
number of various enrichments offered from day 8 to 35 of life.

Figure 4 shows the developments of pecking frequency from nine days before until the outbreak
day for all cannibalistic outbreaks. They showed all different frequency developments before a
cannibalistic outbreak. While, before the earliest outbreak in week 4, a clear downward trend is
noticeable (Spearman correlation: Rweek4 =−0.903, p < 0.001, n = 10 days), before the other two outbreaks
no significant correlations between pecking activity and day of life were present (Rweek10 = 0.042,
p = 0.919; Rweek15 = 0.20, p = 0.583, n = 10 days). Similarly, the numbers of injured animals separated and
pecking activity were highly negatively correlated in week 4 (Spearman correlation: Rweek4 = −0.889,
p < 0.001, n = 10 days), but not in weeks 10 and 15 (Rweek10 = 0.232, p = 0.519; Rweek15 = 0.346, p = 0.327,
n = 10 days).
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4. Discussion

4.1. Validation of Detection System

For this validation study, the data were recorded on two farms with different husbandry systems.
The differences in sex, beak treatment, housing, and group size allowed for testing the functionality
of the detection system under various conditions in order to ensure usability on different farms.
In general, the pecking detection with the trained CNN model showed good results, with an overall
performance of around 90% and higher, although differences between the weeks of life occurred
(Table 2). The challenges for the assessment of the audio data were the great amount of noise sources in
and surrounding the farm environment. Sources of noise included vehicle transportation, ventilation,
heating, feeding system, stockperson activities, and birds’ vocalization. Those noises may overlap with
the sound caused by the peck that initially created detection problems that we solved by filtering [32].
Further, pecking intensity changed with the age and growth of the birds. The constant change of
surrounding noises and the changes of pecking intensity over the rearing and fattening period may
lead to misclassifications of the model [35]. With increasing age of the birds, the number of incorrectly
classified non-pecks as pecks slightly increased. This was mainly due to strong pecking towards
further metal objects, i.e., pipes and feeders by the turkeys and the model wrongly detected those
events as pecks at the object. In addition, when only low numbers of pecks were observed in the
videos e.g., in week 8 with only seven pecks per 300 s, misclassifications had a big impact. Thus, three
misclassifications led to a low sensitivity in week 8, with only 57.1%. The same issue occurred in week
11 and 12 of life. Despite the challenges, and with very few exceptions, the system performed well.
The second validation on farm 2 (Table 2) confirmed the good detection performance, even though
the environmental conditions, sex, and state of the beak were different and the model was not newly
trained for those new conditions. This validation could be an indicator that the system could be used
on other farms without long training and validation of the system, but this has to be tested further
under different farm and management conditions.

4.2. Pecking Activity over the Rearing Period

Both of the pecking objects showed similar trends in recorded pecking frequencies, which were
therefore summed. However, the detection objects (microphone and metallic ball) are rather affordable;
it creates no large financial burden to install more than one PO in the barn. The overall pecking activity
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decreased in general over the rearing period on both farms. This conforms to other studies that report
a decreasing usage of enrichments in the first week after availability [36]. It is expected that with
decreasing novelty their attraction decreases. However, most observations of the use of enrichment
objects are relatively short-term. In our long-term recording we could detect increased pecking activity
again in week 5 of life, and still high frequencies in week 10 of life. It is possible that enrichment objects
regain attractiveness from time to time. However, in this study, the pecking object was not supposed
to act as an effective environmental enrichment, but instead as part of the normal barn environment on
which pecking activity might be differentially directed, depending on the current pecking motivation
of the birds. Nevertheless, the stainless steel ball was chosen (besides suitability for disinfection and
durability) in order to secure sufficient attention of the birds. Evidently, shiny objects, like nails and
rivets, are attractive to turkeys [24]. Cannibalism could have an influence on the pecking activity
and thus on the negative correlation between pecking activity and day of life on farm 1. For that
reason, the interrelation was also tested without the days before and on the cannibalistic outbreak.
However, because of the remaining negative correlation, those days were not taken out from our
analysis. In general, the pecking activity was higher on farm 2. Besides a possible difference in pecking
activity between male and female turkeys and potential group size effects, the offer of enrichment could
have had an influence. The female birds on farm 1 were provided with various changing enrichments
on which pecking could be directed. On farm 2 no changing enrichment was provided which could
lead to a higher concentration of pecking towards one pecking object. The pecking activity on farm
2 also showed stronger standard deviations and fluctuations. This farm did not report any outbreaks
of cannibalism during the rearing period. A statement regarding possible correlations between the
conspicuous drop in activity at the pecking object at the end of week 4 and until day 29 and other
behavior cannot be made because no corresponding data are available. However, this study provides
first detailed and long-term data on pecking behavior of turkeys at an inanimate, non-edible object in
early life, which can be an important step for learning more about beak related (normal and abnormal)
behavior of turkeys.

4.3. Variation in Pecking Activity over the Day

On both farms, we found the highest pecking activity in the morning with the start of the light
period and a decrease during the day. Bircher and Schlup [23] observed seven to 14 weeks old
turkeys (B.U.T. Big 6) in an extensive and enriched environment (e.g., perches and outdoor run) and
found foraging behavior that included object and substrate pecking to be the highest in the first four
hours of observation which similarly were from 7–11 a.m. During the rest of the day, proportions
of time spent foraging stayed the same. However, recording by Bircher and Schlup [23] based on
visual observation could have missed small changes in pecking activity during the day. Additionally,
they included foraging behavior, not just object pecking, which overall could stay the same over the
day, and genetic and environmental differences may also contribute to differing results. Hughes and
Grigor [18] reported higher environmental pecking when feeding activity was high, which suggests
some interrelation between foraging and environmental pecking and could explain higher pecking
activity on the pecking object during the morning. This must be further investigated in more flocks and
under different farm environments. The detection system could, for instance, also be used to assess
changes in pecking activity between different feeding regimes.

4.4. Pecking Activity and Cannibalistic Events

On day 26 of life (day 19 of recording), the first cannibalistic outbreak was reported from farm 1.
It is not unusual that the first outbreak occurs as early as in the rearing phase [7,9,10] which renders
that period especially important regarding management and animal control in order to prevent or
minimize cannibalism. Before the outbreak, pecking activity on the objects steadily declined and it was
the lowest on the actual day of outbreak. Furthermore, pecking activity and injured birds separated
by farm personnel were negatively correlated during the ten days before this cannibalistic outbreak.
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Such associations might be explained by the increased redirection of environmental pecking towards
pen mates, in line with indications in domestic fowl that birds who feather peck are more active and
spend less time with food pecking and environmental pecking [37]. It would also be consistent with the
notion that feather pecking likely is misdirected ground pecking [38]. The results regarding domestic
fowl are not completely applicable to turkeys, but redirected foraging behavior is also considered to be
the underlying motivation for severe feather pecking in turkeys [39]. However, later outbreaks did not
show similar associations. Moreover, before the first outbreak, there was a possible confounding due
to the provision of new enrichments following the separation of higher numbers of injured birds as a
management measure. Pecking activity at the object may have been reduced because it was redirected
to the new enrichments. Conversely, the pecking activity at the object may reflect the attractiveness
of the current enrichment, which should be investigated further, also in the light of the pronounced
differences in pecking frequencies between the two farms investigated, although they may have been
influenced by further factors such as sex of the birds.

At the same time, it must be questioned whether the applied definition of outbreaks of cannibalism
was appropriate, particularly in the context of early detection. Cannibalism can occur at an early stage
(the first animals separated or killed due to injury as early as on the 10th day of life) and afterwards
more or less birds were separated because of pecking injuries every day. Therefore, it is possible that,
regardless of the fluctuations in numbers of injured birds, cannibalism stays in the flock once it first
occurred without disappearing completely.

The newly developed long-term monitoring tool now opens new possibilities for investigating
these questions in more flocks with and without cannibalism and under different environmental
and management conditions. The detection system has to be further tested under the different farm
conditions and to be advanced to a fully automatic surveillance system. In addition, more knowledge is
needed regarding how cannibalism develops in a turkey flock and at which stages it can be influenced
by management measures.

5. Conclusions

In this study, a newly developed pecking detection system that was based on a CNN model was
successfully validated and tested on two turkey farms. The system showed a very satisfactory detection
performance of around 90% or higher for all detection parameters (sensibility, specificity, accuracy,
precision, and F1-score). It can be used to monitor object pecking under commercial conditions in the
long-term, while it should be further tested under various management and housing conditions and
be fully automated. Pecking frequencies were generally highest in the morning hours and overall
showed low negative correlations with age during the rearing period, although increased frequencies
could also be observed at the end of rearing and later in week 10 of life. The question of whether
the onset of cannibalism can be detected by changes in object pecking frequencies could not be
conclusively answered, partly due to a low sample size and partly due to lacking knowledge regarding
the development of cannibalism in turkey flocks. The first indications that object pecking frequencies
might reflect different levels of enrichment in the barn should, in addition, be investigated further.

Author Contributions: Conceptualization, U.K., J.J.G.; methodology, A.N., U.K., J.J.G.; software, A.N.; validation,
J.J.G., A.N.; formal analysis, J.J.G.; investigation, J.J.G.; resources, U.K.; writing—original draft preparation, J.J.G.;
writing—review and editing, U.K., A.N.; visualization, J.J.G.; supervision, U.K.; project administration, U.K., J.J.G.;
funding acquisition, U.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by German Federal Ministry of Food and Agriculture (BMEL), due to a decision
of the German Federal Parliament (www.ble.de/ptble/innovationsfoerderung-bmel/); grant number 2817903615.

Acknowledgments: Jennifer Gonzalez was funded by the Ministry of Science and Arts of Lower Saxony, Germany
within the PhD Program Animal Welfare in Intensive Livestock Production Systems. We also thank the team of
the Farm for Education and Research in Ruthe of the University of Veterinary Medicine Hannover, Foundation,
for the good cooperation.

www.ble.de/ptble/innovationsfoerderung-bmel/


Animals 2020, 10, 2034 11 of 13

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. FAO. Gateway to Poultry Production and Products. Available online: http://www.fao.org/poultry-production-
products/production/en/ (accessed on 15 February 2020).

2. Windhorst, H.W. The Contrasting World of Chicken Meat Production. 2020. Available online: https://wing.tiho-
hannover.de/meldungen/contrasting-world-chicken-meat-production.html (accessed on 17 October 2020).

3. Scientific Advisory Board on Agricultural Policy. Pathways to a Socially Accepted Livestock Husbandry
in Germany; Executive Summary and Synthesis Report; Federal Ministry of Food and Agriculture:
Berlin, Germany, 2015. Available online: https://www.bmel.de/SharedDocs/Downloads/EN/_Ministry/

ScientificAdvisoryBoard-Pathways-Summary.pdf;jsessionid=EB7B115CCB8D34D1125D5D2C056D92CB.
internet2852?__blob=publicationFile&v=2 (accessed on 21 September 2020).

4. Hafez, H.M. Übersicht über Probleme der haltungs- und zuchtbedingten Erkrankungen bei Mastputen.
Arch. Geflügelk. 1996, 60, 249–256.

5. Krautwald-Junghanns, M.-E.; Ellerich, R.; Mitterer-Istyagin, H.; Ludewig, M.; Fehlhaber, K.; Schuster, E.;
Berk, J.; Dressel, A.; Petermann, S.; Kruse, W.; et al. Untersuchungen zur Prävalenz von Hautverletzungen
bei schnabelkupierten Mastputen. Berl. Münch. Tierärztl. Wochenschr. 2011, 124, 8–16. [PubMed]

6. Savory, C.J. Feather pecking and cannibalism. Worlds Poult. Sci. J. 1995, 51, 215–219. [CrossRef]
7. Institut für Tierschutz und Tierhaltung Celle. Available online: https://docplayer.org/59989865-Institut-fuer-

tierschutz-und-tierhaltung-celle.html (accessed on 3 November 2020).
8. Duggan, G.; Widowski, T.; Quinton, M.; Torrey, S. The development of injurious pecking in a commercial

turkey facility. J. Appl. Poult. Res. 2014, 23, 280–290. [CrossRef]
9. Frackenpohl, U.; Meyer, H. Feather Pecking and Cannibalism: Practical Experiences to keep Turkeys

busy. In Proceedings of the International Meeting Turkey Production: Balance Act between Protection,
Animal Welfare and Economic Aspects, Berlin, Germany, 28 February–1 March 2003.

10. Kulke, K.; Habig, C.; Kemper, N.; Spindler, B. Untersuchungen zum Vorkommen von Kannibalismus
bei nicht schnabelgekürzten Putenhähnen bei unterschiedlichen Besatzdichten; Report; Institut für
Tierhygiene, Tierschutz und Nutztierethologie, Stiftung Tierärztliche Hochschule Hannover:
2014. Available online: https://www.ml.niedersachsen.de/startseite/themen/tiergesundheit_tierschutz/

tierschutzplan_niedersachsen_2011_2018/puten/puten-110863.html (accessed on 17 October 2020).
11. Kulke, K.; Spindler, B.; Kemper, N. Verzicht auf das Schnabelkürzen-wo stehen wir in Deutschland?

Züchtungskunde 2016, 88, 456–474.
12. Fiedler, H.-H. Schnabelkürzen bei Puten. Deutsche Tierärztl. Wochenschr. 2003, 113, 110–112.
13. Anonymous. Tierschutzplan Niedersachsen. 2011. Available online: https://www.ml.niedersachsen.

de/startseite/themen/tiergesundheit_tierschutz/tierschutzplan_niedersachsen_2011_2018/ (accessed on
23 September 2020).

14. Anonymous. Vereinbarung zur Verbesserung des Tierwohls, insbesondere zum Verzicht auf
das Schnabelkürzen in der Haltung von Legehennen und Mastputen. 2015. Available online:
https://www.bmel.de/SharedDocs/Downloads/DE/Broschueren/EineFragederHaltungTierwohl.html#:
text=Legehennen%20und%20Mastputen-,Vereinbarung%20zur%20Verbesserung%20des%20Tierwohls%
2C%20insbesondere%20zum%20Verzicht%20auf%20das,Haltung%20von%20Legehennen%20und%
20Mastputen&text=In%20der%20Vereinbarung%20verpflichtet%20sich,von%20Legehennen%20und%
20Mastputen%20abzuschaffen (accessed on 23 September 2020).

15. Berk, J.; Stehle, E.; Bartels, T. Beschäftigungsmaterial-eine Möglichkeit zur Reduktion von
“Beschädigungspicken” bei Mastputen mit unkupierten Schnäbeln? Berl. Münch. Tierärztl. Wochenschr. 2017,
130, 230–240.

16. Statham, P.; Green, L.; Bichard, M.; Mendl, M. Predicting tail-biting from behaviour of pigs prior to outbreaks.
Appl. Anim. Behav. Sci. 2009, 121, 157–164. [CrossRef]

http://www.fao.org/poultry-production-products/production/en/
http://www.fao.org/poultry-production-products/production/en/
https://wing.tiho-hannover.de/meldungen/contrasting-world-chicken-meat-production.html
https://wing.tiho-hannover.de/meldungen/contrasting-world-chicken-meat-production.html
https://www.bmel.de/SharedDocs/Downloads/EN/_Ministry/ScientificAdvisoryBoard-Pathways-Summary.pdf;jsessionid=EB7B115CCB8D34D1125D5D2C056D92CB.internet2852?__blob=publicationFile&v=2
https://www.bmel.de/SharedDocs/Downloads/EN/_Ministry/ScientificAdvisoryBoard-Pathways-Summary.pdf;jsessionid=EB7B115CCB8D34D1125D5D2C056D92CB.internet2852?__blob=publicationFile&v=2
https://www.bmel.de/SharedDocs/Downloads/EN/_Ministry/ScientificAdvisoryBoard-Pathways-Summary.pdf;jsessionid=EB7B115CCB8D34D1125D5D2C056D92CB.internet2852?__blob=publicationFile&v=2
http://www.ncbi.nlm.nih.gov/pubmed/21309162
http://dx.doi.org/10.1079/WPS19950016
https://docplayer.org/59989865-Institut-fuer-tierschutz-und-tierhaltung-celle.html
https://docplayer.org/59989865-Institut-fuer-tierschutz-und-tierhaltung-celle.html
http://dx.doi.org/10.3382/japr.2013-00860
https://www.ml.niedersachsen.de/startseite/themen/tiergesundheit_tierschutz/tierschutzplan_niedersachsen_2011_2018/puten/puten-110863.html
https://www.ml.niedersachsen.de/startseite/themen/tiergesundheit_tierschutz/tierschutzplan_niedersachsen_2011_2018/puten/puten-110863.html
https://www.ml.niedersachsen.de/startseite/themen/tiergesundheit_tierschutz/tierschutzplan_niedersachsen_2011_2018/
https://www.ml.niedersachsen.de/startseite/themen/tiergesundheit_tierschutz/tierschutzplan_niedersachsen_2011_2018/
https://www.bmel.de/SharedDocs/Downloads/DE/Broschueren/EineFragederHaltungTierwohl.html#:text=Legehennen%20und%20Mastputen-,Vereinbarung%20zur%20Verbesserung%20des%20Tierwohls%2C%20insbesondere%20zum%20Verzicht%20auf%20das,Haltung%20von%20Legehennen%20und%20Mastputen&text=In%20der%20Vereinbarung%20verpflichtet%20sich,von%20Legehennen%20und%20Mastputen%20abzuschaffen
https://www.bmel.de/SharedDocs/Downloads/DE/Broschueren/EineFragederHaltungTierwohl.html#:text=Legehennen%20und%20Mastputen-,Vereinbarung%20zur%20Verbesserung%20des%20Tierwohls%2C%20insbesondere%20zum%20Verzicht%20auf%20das,Haltung%20von%20Legehennen%20und%20Mastputen&text=In%20der%20Vereinbarung%20verpflichtet%20sich,von%20Legehennen%20und%20Mastputen%20abzuschaffen
https://www.bmel.de/SharedDocs/Downloads/DE/Broschueren/EineFragederHaltungTierwohl.html#:text=Legehennen%20und%20Mastputen-,Vereinbarung%20zur%20Verbesserung%20des%20Tierwohls%2C%20insbesondere%20zum%20Verzicht%20auf%20das,Haltung%20von%20Legehennen%20und%20Mastputen&text=In%20der%20Vereinbarung%20verpflichtet%20sich,von%20Legehennen%20und%20Mastputen%20abzuschaffen
https://www.bmel.de/SharedDocs/Downloads/DE/Broschueren/EineFragederHaltungTierwohl.html#:text=Legehennen%20und%20Mastputen-,Vereinbarung%20zur%20Verbesserung%20des%20Tierwohls%2C%20insbesondere%20zum%20Verzicht%20auf%20das,Haltung%20von%20Legehennen%20und%20Mastputen&text=In%20der%20Vereinbarung%20verpflichtet%20sich,von%20Legehennen%20und%20Mastputen%20abzuschaffen
https://www.bmel.de/SharedDocs/Downloads/DE/Broschueren/EineFragederHaltungTierwohl.html#:text=Legehennen%20und%20Mastputen-,Vereinbarung%20zur%20Verbesserung%20des%20Tierwohls%2C%20insbesondere%20zum%20Verzicht%20auf%20das,Haltung%20von%20Legehennen%20und%20Mastputen&text=In%20der%20Vereinbarung%20verpflichtet%20sich,von%20Legehennen%20und%20Mastputen%20abzuschaffen
http://dx.doi.org/10.1016/j.applanim.2009.09.011


Animals 2020, 10, 2034 12 of 13

17. Zonderland, J.J.; Schepers, F.; Bracke, M.B.M.; den Hartog, L.A.; Kemp, B.; Spoolder, H.A.M. Characteristics of
biter and victim piglets apparent before a tail-biting outbreak. Animal 2011, 5, 767–775. [CrossRef] [PubMed]

18. Hughes, B.O.; Grigor, P.N. Behavioural time-budgets and beak related behavior in floor-housed turkeys.
Anim. Welf. 1996, 5, 189–198.

19. Kjaer, J.B.; Bessei, W. The interrelationships of nutrition and feather pecking in the domestic fowl.
Archiv Geflügelkun. 2013, 77, 1–9.

20. Cloutier, S.; Newberry, R.C.; Forster, C.T.; Girsberger, K.M. Does pecking at inanimate stimuli predict
cannibalistic behaviour in domestic fowl? Appl. Anim. Behav. Sci. 2000, 66, 119–133. [CrossRef]

21. Busayi, R.M.; Channing, C.E.; Hocking, P.M. Comparisons of damaging feather pecking and time budges in
male and female turkeys of a traditional breed and a genetically selected male line. Appl. Anim. Behav. Sci.
2006, 96, 281–292. [CrossRef]

22. Rodenburg, T.B.; Koene, P. Comparison of individual and social feather pecking tests in two lines of laying
hens at ten different ages. Appl. Anim. Behav. Sci. 2003, 81, 133–148. [CrossRef]

23. Bircher, L.; Schlup, P. Ethologische Indikatoren zur Beurteilung der Tiergerechtheit von Trutenmastsystemen; Report;
Universität Bern, Zoologisches Institut Abt. Sozial-und Nutztierethologie: Bern, Switzerland, 1991; p. 113.

24. Bircher, L.; Schlup, P. Das Verhalten von Truten eines Bauernschlages unter Naturnahen Haltungsbedingungen;
Report; Universität Bern, Zoologisches Institut Abt. Sozial-und Nutztierethologie: Bern, Switzerland, 1991;
p. 107.

25. Sherwin, C.M.; Kelland, A. Time-budgets, comfort behaviours and injurious pecking of turkeys housed in
pairs. Br. Poult. Sci. 1998, 39, 325–332. [CrossRef]

26. Aydin, A.; Bahr, C.; Viazzi, S.; Exadaktylos, V.; Buyse, J.; Berckmans, D. A novel method to automatically
measure the feed intake of broiler chickens by sound technology. Comput. Electron. Agric. 2014, 101, 17–23.
[CrossRef]

27. Banakar, A.; Sadeghi, M.; Shushtari, A. An intelligent device for diagnosing avian diseases: Newcastle,
infectious bronchitis, avian influenza. Comput. Electron. Agric. 2016, 127, 744–753. [CrossRef] [PubMed]

28. Huang, J.; Wang, W.; Zhang, T. Method for detecting avian influenza disease of chickens based on sound
analysis. Biosyst. Eng. 2019, 180, 16–24. [CrossRef]

29. De Moura, D.J.; de Alencar Nääs, I.; Cangussu de Souza Alves, E.; Morandi Ridolfi de Carvalho, T.;
Martinez do Vale, M.; de Lima, K.A.O. Noise Analysis to Evaluate Chick Thermal Comfort. Sci. Agric. 2008,
50, 438–443. [CrossRef]

30. Du, X.; Lao, F.; Teng, G. A Sound Source Localisation Analytical Method for Monitoring the Abnormal Night
Vocalisations of Poultry. Sensors 2018, 18, 2906. [CrossRef] [PubMed]

31. Bright, A. Vocalisation and acoustic parameters of flock noise from feather pecking and non-feather pecking
laying flocks. Br. Poult. Sci. 2008, 49, 241–249. [CrossRef]

32. Nasirahmadi, A.; Gonzalez, J.; Sturm, B.; Hensel, O.; Knierim, U. Pecking activity detection in group-housed
turkeys using acoustic data and a deep learning technique. Biosyst. Eng. 2020, 194, 40–48. [CrossRef]

33. Anonymous. Bundeseinheitliche Eckwerte für eine Freiwillige Vereinbarung zur Haltung von Mastputen.
Available online: https://www.bmel.de/SharedDocs/Downloads/DE/_Tiere/Tierschutz/ZDG-Eckwerte-
Haltung-Mastputen.html (accessed on 23 September 2020).

34. Martin, P.; Bateson, P. One-Zero-Sampling. In Measuring Behaviour: An Introductory Guide, 3rd ed.;
Cambridge University Press: Cambridge, UK, 2003; pp. 54–55.

35. Jeon, S.; Shin, J.W.; Lee, Y.J.; Kim, W.H.; Kwon, Y.; Yang, H.Y. Empirical study of drone sound detection in
real-life environment with deep neural networks. In Proceedings of the 25th European Signal Processing
Conference (EUSIPCO), Kos, Greece, 28 August–2 September 2017.

36. Spindler, B.; Schulze Hillert, M.; Sürie, C.; Kamphues, J.; Hartung, J. Abschlussbericht:
Untersuchungen zum Verzicht auf Schnabelkürzen bei Mastputenhennen: Kann der Einsatz von Tierischem
Eiweiß im Alleinfutter Federpicken und Kannibalismus bei Putenhennen Reduzieren? Report; Institut
für Tierhygiene Tierschutz und Nutztierethologie, Stiftung Tierärztliche Hochschule Hannover:
2012. Available online: https://www.ml.niedersachsen.de/startseite/themen/tiergesundheit_tierschutz/

tierschutzplan_niedersachsen_2011_2018/puten/puten-110863.html (accessed on 17 October 2020).
37. Hughes, B.O. Feather Pecking and Cannibalism in Domestic Fowls. In Disturbed Behaviour in Farm Animals;

Bessei, W., Ed.; Verlag Eugen Ulmer: Stuttgart, Germany, 1982; pp. 138–146.

http://dx.doi.org/10.1017/S1751731110002326
http://www.ncbi.nlm.nih.gov/pubmed/22439999
http://dx.doi.org/10.1016/S0168-1591(99)00068-4
http://dx.doi.org/10.1016/j.applanim.2005.06.007
http://dx.doi.org/10.1016/S0168-1591(02)00275-7
http://dx.doi.org/10.1080/00071669888854
http://dx.doi.org/10.1016/j.compag.2013.11.012
http://dx.doi.org/10.1016/j.compag.2016.08.006
http://www.ncbi.nlm.nih.gov/pubmed/32287574
http://dx.doi.org/10.1016/j.biosystemseng.2019.01.015
http://dx.doi.org/10.1590/S0103-90162008000400018
http://dx.doi.org/10.3390/s18092906
http://www.ncbi.nlm.nih.gov/pubmed/30200501
http://dx.doi.org/10.1080/00071660802094172
http://dx.doi.org/10.1016/j.biosystemseng.2020.03.015
https://www.bmel.de/SharedDocs/Downloads/DE/_Tiere/Tierschutz/ZDG-Eckwerte-Haltung-Mastputen.html
https://www.bmel.de/SharedDocs/Downloads/DE/_Tiere/Tierschutz/ZDG-Eckwerte-Haltung-Mastputen.html
https://www.ml.niedersachsen.de/startseite/themen/tiergesundheit_tierschutz/tierschutzplan_niedersachsen_2011_2018/puten/puten-110863.html
https://www.ml.niedersachsen.de/startseite/themen/tiergesundheit_tierschutz/tierschutzplan_niedersachsen_2011_2018/puten/puten-110863.html


Animals 2020, 10, 2034 13 of 13

38. Blokhuis, H.J.; Arkes, J.G. Some observations on the development of feather pecking in poultry. Appl. Anim.
Behav. Sci. 1984, 12, 145–157. [CrossRef]

39. Dalton, H.A.; Wood, B.J.; Torrey, S. Injurious pecking in domestic turkeys. Development, causes, and potential
solutions. Worlds Poult. Sci. J. 2013, 69, 865–876. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/0168-1591(84)90104-7
http://dx.doi.org/10.1017/S004393391300086X
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Equipment for Data Recording 
	Data Processing 
	Farm 1 
	Animal and Housing 
	Validation 
	Data Recording 

	Farm 2 
	Animal and Housing 
	Validation 
	Data Recording 

	Statistical Analysis 

	Results 
	Validation of Detection System 
	Pecking Activity over the Rearing Period 
	Variation in Pecking Activity over the Day 
	Pecking Activity and Cannibalistic Events 

	Discussion 
	Validation of Detection System 
	Pecking Activity over the Rearing Period 
	Variation in Pecking Activity over the Day 
	Pecking Activity and Cannibalistic Events 

	Conclusions 
	References

