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The present study investigated the prevalence and co-
occurrence of integument injuries in Canadian turkeys.
Participating farmers scored 30 birds in their flock for
integument injuries to the head/neck (HN), back/tail
(BT), and footpad (FP) using a simplified scoring sys-
tem (0: no sign of injury, 1: mild injury, 2: severe injury).
Information from 62 flocks was used to calculate the
prevalence of any (score ≥1) and severe (score 2) injuries
on a flock- and individual-level. Chi-square analyses
were performed to determine the likelihood of integu-
ment injury co-occurrence. The prevalence of each type
of injury varied between flocks. While the majority of
flocks reported injuries, the within-flock prevalence was
relatively low and largely comprised of mild cases (score
1). Given their higher prevalence, the data indicate that
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FP injuries are overall more widespread and more severe
among Canadian turkey flocks than HN and BT injuries.
Co-occurrence of different integument injuries was
observed in 7% of birds and 58.1% of flocks reported at
least one bird with co-occurring injury types. Despite
the low prevalence of multiple injury types, birds with
one type of injury were more likely to present with other
injury types. Indeed, birds with HN injuries were 4 times
more likely to have BT injuries, and birds with FP inju-
ries were 1.5 times more likely to have BT injuries com-
pared to birds that do not have these respective injuries.
The data increase our understanding of the co-occur-
rence of these common integument injuries which can
help inform a holistic management approach to rear tur-
keys with healthy skin and feather cover.
Key words: Comorbidity, Footpad dermatitis, Injurious pecking, Management, Meleagris gallopavo

2022 Poultry Science 101:102137
https://doi.org/10.1016/j.psj.2022.102137
INTRODUCTION

Efforts to improve animal welfare are multi-faceted
due to the interconnectedness of behavior and health
conditions, the influence of environmental conditions,
and the variability in how individual animals may expe-
rience welfare. To account for this complexity, current
welfare protocols (in poultry e.g., Welfare Quality, 2009;
AWIN, 2015) measure a multitude of animal-based out-
comes, often at a group level or as a composite animal-
based measure (EFSA, 2012). Animal welfare risks
depend on 1) the probability of exposure to risk factors,
2) the probability of welfare consequences under expo-
sure to these factors, and 3) the duration and intensity
of the welfare consequences (EFSA Panel on Animal
Health and Welfare (AHAW), 2012).
Various approaches have been used in turkey produc-

tion to identify risk factors for integument injuries,
including pecking injuries and footpad dermatitis (Sher-
win et al., 1999; Moinard et al., 2001; Mayne et al., 2007;
Da Costa et al., 2014; Leishman et al., 2021, 2022). Inju-
ries can be defined in different ways including bodily
damage caused by transfers of energy (e.g., Langley and
Brenner, 2004), damage inflicted to the body by an
external force (e.g., Studdert et al., 2012), or disturbance
or damage to the structure or function of any part of the
body by an external force (e.g., Youngson, 2005). Farm-
ers identify integument injuries as an important concern
for the turkey production sector (van Staaveren et al.,
2020b) and, unsurprisingly, surveys of the general public
also indicate that injuries are viewed as unacceptable
(Bir et al., 2019). In turkeys, integument injuries can
occur due to injurious pecking to the feathers and skin
which can lead to open wounds and cannibalism, conse-
quently leading to mortality. Injurious pecking consists

http://orcid.org/0000-0003-1739-3915
http://orcid.org/0000-0003-3401-5553
https://doi.org/10.1016/j.psj.2022.102137
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:aharland@uoguelph.ca


2 LEISHMAN ET AL.
of aggressive pecking toward the head, neck and/or
snood, and forceful feather pecking/pulling at the plum-
age of the back, tail and wings (Dalton et al., 2013; Eras-
mus, 2018; van Staaveren and Harlander, 2020).
Aggressive pecking can escalate to severely injured ani-
mals that have to be culled due to an unfavorable prog-
nosis or mortalities (Bartels et al., 2020). Footpad
dermatitis is another prominent type of injury which is
associated with hyperkeratosis, inflammation and swell-
ing of the footpad and can cause necrotic lesions
(Mayne, 2005; Shepherd and Fairchild, 2010; Erasmus,
2018). There is some evidence that footpad and pecking
injuries can heal when causative factors are removed in
the case of footpad dermatitis (Chen et al., 2016; Free-
man et al., 2020), or when turkeys are isolated in the
case of injurious pecking (Bartels et al., 2020). However,
these measures are often not possible in practice causing
probably painful injuries to persist. In addition to the
injuries themselves being important welfare issues, they
also can provide access points for secondary infections
(Agunos et al., 2013), further exacerbating the birds’
health and welfare condition.

The co-occurrence of these health and welfare condi-
tions is an area of research that has been historically
overlooked. Comorbidities in animals can lead to con-
founding effects that dilute the conclusions to specific
research questions (Franco et al., 2018). Previous work
has devised techniques to capture the co-occurrence of
clinical/physical and behavioral/psychosocial outcomes
in research laboratory or zoo settings (Honess and Wolf-
ensohn, 2010; Justice et al., 2017), or to report on the
impact of welfare impairments and a shortened lifespan
(Teng et al., 2018). The co-occurrence of conditions can
impact animal survival. For example, horses with multi-
ple chronic diseases (e.g., laminitis, pituitary pars inter-
media dysfunction, equine metabolic syndrome) pose
between 6 to 21 fold higher hazard of death compared to
healthy horses (Welsh et al., 2016). Information regard-
ing the co-occurrence of disease or injuries could, there-
fore, influence human decision-making in the treatment
or management of animals under their care.

In poultry, respiratory pathogens are concurrently
diagnosed, and diseases such as necrotic enteritis and
coccidiosis are frequently reported together (Pierson
et al., 1996; Marien et al., 2007; Agunos et al., 2013).
The treatments of multiple diseases or infections are evi-
dently more complex than a single disease. More recent
interest in breast muscle myopathies also shows that
conditions such as white striping, wooden breast, and
spaghetti breast can co-occur and this can lead to the
incorrect assignment of biochemical features to the indi-
vidual myopathy (Bailey et al., 2020). Despite these
reports, the co-occurrence of other welfare conditions is
far less frequently reported in similar detail, likely due to
their perceived lower relevance compared to economi-
cally important diseases and food quality/safety issues.
Nevertheless, prevalence of footpad injuries has been
associated with breast lesions, hock burns, and focal
ulcerative dermatitis (reviewed by Mayne, 2005). Visu-
alizing relationships between animal-based welfare
outcomes is recommended (EFSA, 2012) and this prac-
tice could shed light on biological connections and the
overall welfare of animals. Few studies have reported
correlations between welfare conditions in turkeys at a
flock level (Allain et al., 2013; Marchewka et al., 2019).
In particular, the literature indicates that turkeys with
footpad injuries are less mobile, which can contribute to
other welfare issues, such as reduced ability to reach
feed/water, to escape aggressive pecking or feather peck-
ing, and the worsening of contact dermatitis (Erasmus,
2018). This hypothesis stems from previous work corre-
lating footpad dermatitis and feather pecking in turkeys
(Allain et al., 2013); however, this association was not
identified by others (Marchewka et al., 2019). Recent
anecdotal behavioral observations also suggested that
once victims of pecking injuries lay down, or were less
mobile, they attracted more pecking from multiple con-
specifics (Bartels et al., 2020). Given the paucity of
available research, Erasmus (2018) called for further
investigation into the relationship between injuries in
turkeys to better manage the welfare of turkey flocks.
To the best of the authors’ knowledge, no other studies
have confirmed the reported associations or further elab-
orated on the relationship between injuries in turkeys to
date. Consequently, this study merged and analysed
data from previous studies (van Staaveren et al., 2020a;
Leishman et al., 2021, 2022) to evaluate the co-occur-
rence of injuries located on three different body areas
(footpad, head/neck, back/tail) in turkeys.
MATERIALS AND METHODS

A cross-sectional study surveying turkey farmers
across Canada was conducted to gain insight into the
turkey production sector and identify risk factors for
footpad dermatitis and integument injuries (van Staave-
ren et al., 2020a; Leishman et al., 2021, 2022). Invita-
tions to participate in the study were sent out to
commercial turkey farmers by the Turkey Farmers of
Canada (April 2019). Survey packages contained a cover
letter, health scoring guide with detailed instructions on
how to assess their flock, and a return envelope with a
unique code to collect all responses anonymously. All
documents were made available in English and French,
and farmers could opt to return the response by mail or
submit answers online via Qualtrics (Qualtrics, Provo,
UT). Reminders were sent out through the Turkey
Farmers of Canada until the end of data collection in
December 2019. This study was approved by the Univer-
sity of Guelph Research Ethics Board (REB 19-02-015)
and the University of Guelph Animal Care Committee
(AUP 3782).
The survey instructed farmers to assess injuries to the

head/neck (HN) area, back/tail (BT) area, and foot-
pad (FP) of 30 turkeys from their flock with the help of
visual aids provided in the packages (Leishman et al.,
2021, 2022). Farmers were asked to select turkeys by
dividing the barn in a front, middle, and back section
and randomly select an equal number of birds in each of



Table 1. Detailed scoring system used by farmers to assess inju-
ries to the head/neck (HN), back/tail (BT), and footpad (FP) in
turkeys adapted from Leishman et al. (2021, 2022).

Injuries Description

Head/neck (HN)
Score 0 No injuries present on the head, snood, wattle, or

neck
Score 1 Presence of scratching and/or pecking injuries

(<2 cm) on the snood, wattle, head, or neck
Score 2 Presence of scratching and/or pecking injuries

(≥2 cm) on the snood, wattle, head, or neck
Back/tail (BT)

Score 0 No injuries or feather damage present on the body
(excluding head, snood, wattle, neck, legs, and
feet)

Score 1 Presence of injuries or feather damage on the body
which is <5 cm in length (excluding head, snood,
wattle, neck, legs, and feet)

Score 2 Presence of injuries or feather damage on the body
which is ≥5 cm in length (excluding head, snood,
wattle, neck, legs, and feet)

Footpad (FP)
Score 0 No signs of footpad dermatitis. Intact, soft skin with-

out swelling or black/necrotic areas on the footpad.
Litter can be brushed off footpad easily

Score 1 Hard or dense skin. Small black/necrotic areas on
less than 25% of the footpad. Litter cannot be
removed easily from footpad

Score 2 Large black/necrotic areas and/or swelling on
greater than 25% of the footpad. Litter adhered to
footpad and cannot be removed easily
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them to achieve a representative picture of the entire
barn. The body areas for injury evaluation were selected
based on the different motivational backgrounds that
are likely to cause each injury, for example, injuries to
the HN area are often a result of aggressive behavior,
while injuries to the BT area are likely a result of feather
pecking (Dalton et al., 2013; van Staaveren and Har-
lander, 2020). Both recent and older (scabbed) injuries
were recorded. Signs of footpad dermatitis were recorded
as FP injuries. Farmers were instructed to gently remove
any loose litter from the FP prior to evaluating injuries.
The severity of each injury type was scored on a scale of
0 to 2, with 0 indicating no injuries, 1 indicating mild
injuries, and 2 indicating more severe injuries (Table 1).
Additional information on flock characteristics, housing
and management was captured as part of the overall
project and is reported elsewhere (van Staaveren et al.,
2020a; Leishman et al., 2021, 2022).

The prevalence of HN, BT, and FP injuries was calcu-
lated at the flock- and individual-level. The flock-level
prevalence was calculated as the percentage of birds
within each of the 30 birds sampled within a flock with a
score ≥1 (any injuries) or score of 2 (severe injuries)
within the HN, BT, and FP injury types. Additionally,
the number of injury types present on each bird was
determined where a bird could have between zero injuries
to maximum all 3 different injuries present simulta-
neously (HN, BT, and FP). When birds were observed
with more than 1 type of injury, the combination of co-
occurring injuries (i.e., HN + BT, HN + FT, BT + FT,
HN + BT + FT) was also assessed to determine which
combination was most frequently observed. Relationships
between HN, BT, and FP injuries were investigated.
Spearman correlations at the flock-level were estimated
to determine whether a higher prevalence of one type of
injury was associated with a higher prevalence of
another type of injury within a flock. An association
between the prevalence of injuries may be due to injuries
co-occurring in the same birds within a flock or due to
different birds being affected by different injuries (e.g.,
when flock management conditions function as shared
risk factors for different injuries). To further assess this
relationship, we investigated if birds with one type of
injury were also more likely to have another type of
injury using a Chi-square analysis (PROC FREQ with
chisq and oddsratio option) which provided the odds
ratio (OR) and the 95% confidence interval (95% CI)
(SAS Institute Inc, 2013). The odds ratio is calculated
as the ratio of the odds of presenting with a second
injury type when a first injury type is present to the
odds of presenting with a second injury type when a first
injury type is not present. An OR >1 indicates a higher
odds of having a second injury type when a turkey
presents with the first injury type compared to a when a
turkey does not present with the first injury type. All 2-
pair combinations of injuries were assessed (i.e.,
HN + BT, HN + FT, BT + FT). Due to the low number
of birds with severe injuries (score 2), the prevalence of
any (score ≥1) injury at a flock and at the individual lev-
els were considered. All data analyses were performed in
SAS v9.3 (SAS Inst. Inc., Cary, NC) with a significance
level of P < 0.05.
RESULTS

A total of 101 questionnaires were returned, repre-
senting a 20% response rate. Complete surveys with
health scoring produced information for 63 flocks com-
prised of 40 hen flocks and 23 tom flocks. One hen flock
was removed from the analysis as it was an older breeder
flock. Flock ages ranged from 3 to 23 weeks. Tom flocks
tended to be older than hen flocks (toms: 11.4 § 0.90
weeks vs. hens: 9.4 § 0.57 weeks, F1,60 = 3.74,
P = 0.0580), and were heavier (9.6 § 0.33 kg) than hen
flocks (6.0 § 0.25 kg, F1,56 = 77.44, P < 0.001). Detailed
analyses on risk factors for HN, BT, or FP injuries were
previously reported (Leishman et al., 2021, 2022) and
were out of the scope of the current study.
Flock-Level Injuries

The average prevalence of injuries (score ≥1) to the
HN and BT was relatively low (<10%), compared to FP
injuries, which affected nearly 40% of the assessed birds
(Table 2). Most HN, BT, and FP injuries were mild
(score 1) as there was a low prevalence of severe (score
2) injuries. However, it is noteworthy that considerable
variation was observed between flocks, exemplified by
the range in prevalence for all three injury types
(Table 2). Most flocks had at least one bird with any
HN, BT, or FP injuries (score ≥1), but flocks with at



Table 2. Prevalence of injuries to the head/neck area (HN), back/tail area (BT), and footpad (FP) in 62 turkey flocks.

HN injuries BT injuries FP injuries

Prevalence (%) of any injuries (score ≥1)
Mean (SD) 6.0 (8.37) 9.7 (14.30) 38.1 (33.90)
Range 0−40 0−96.7 0−100

Prevalence (%) of severe injuries (score 2)
Mean (SE) 0.8 (0.34) 0.6 (0.26) 9.5 (2.57)
Range 0−16.7 0−10 0−100

No. of flocks1

Without any injury (score 0) 25 (40.3%) 18 (29.0%) 8 (12.9%)
With any injury (score ≥1) 37 (59.7%) 44 (71.0%) 54 (87.1%)
With severe injury (score 2) 8 (12.9%) 6 (9.7%) 24 (38.7%)
1The number of flocks with and without any injury totals 62 flocks (i.e., 100%), while the number flocks with severe injury (score 2) form a subset of the

number of flocks with any injury (score ≥1). Percentage within brackets represents the percentage out of the 62 total flocks.
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least one bird with severe HN or BT injuries (score 2)
were relatively uncommon (Table 2). In contrast, it
should be noted that approx. 40%, 30% and 13% of
flocks did not have any birds with signs of HN, BT, or
FP injuries, respectively (Table 2).

When considering the number of co-occurring injury
types, only 2 flocks (3.2%) had no injuries at all in any of
their assessed birds (i.e., all birds with score 0 for each
injury type), while birds in 24 flocks (38.7%) presented
only one type of injury. Most flocks (28 flocks, 45.2%)
reported a maximum of 2 co-occurring injury types, and
8 flocks (12.9%) reported birds with all three injury
types at the same time. The flock-level prevalence (score
≥1) of HN injuries was positively correlated to that of
BT injuries (r = 0.53, P < 0.001), while the prevalence
of FP injuries was not correlated to the prevalence of
either HN (r = �0.12, P = 0.3728) or BT (r = 0.10,
P = 0.4530) injuries.
Individual-Level Injuries

The 62 flocks included in this study covered the
assessment of a total of 1,860 birds. Most birds showed
no signs of HN, BT, or FP injuries (Figure 1), however,
FP injuries were the most common out of the 3 recorded
Figure 1. Distribution of injuries to the head/neck area (HN), back/t
where score 0 indicates no injury, score 1 mild injury, and score 2 severe injur
injuries. Most birds presenting with an injury were
assigned score 1, representing a mild injury. Less than
1% of birds had severe HN or BT injuries and less than
10% of birds had severe FP injuries.
The low numbers of birds severely affected (score 2)

compared to the larger number of flocks reporting a
severe injury suggests that there are a few severe cases
within multiple flocks. Indeed, the 15 birds with severe
HN injuries were spread across 8 flocks, the 11 birds
with severe BT injuries were spread across 6 flocks, and
the 176 birds with severe FP injuries were spread across
24 flocks. This distribution translates to approximately
2 birds with pecking related injuries and approximately
7 birds with feet-related injuries per assessed sample of
birds within a flock.
Overall, approximately 50% of the total 1,860 birds

assessed in the survey had no signs of HN, BT, or FP
injuries (Figure 2A). Most injured birds presented with
one type of injury, while 7% of birds had 2 or 3 co-occur-
ring injury types. In birds with co-occurring injury
types, the combination of BT and FP injuries was most
common (Figure 2B), followed by HN and FP injuries,
and HN and BT injuries. While only approximately 1%
of birds presented with all three injury types, they repre-
sented approximately 10% of the 131 birds with multiple
injuries (Figure 2).
ail area (BT), and footpad (FP) in 1,860 turkeys according to severity
y.



Figure 2. A) Number of co-occurring injury types (head/neck, back/tail, footpad) present in turkeys (n = 1,860) and B) the breakdown of the
injury combinations to the head/neck area (HN), back/tail area (BT), or footpad (FP) observed in birds that had more than 1 injury (n = 131).
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The presence of HN injuries was associated with BT
injuries (X2 = 49.5, P < 0.001). Indeed, the odds of hav-
ing BT injuries was 4.4x (95%CI: 2.81−6.83) higher in
birds with HN injuries (28.8%) than in birds without
HN injuries (8.5%). No association was found between
the presence of HN and FP injuries (X2 = 0.06,
P = 0.8008) as 36.9% of birds with HN injuries com-
pared to 38.1% of birds without HN injuries presented
with FP injuries (OR = 0.95, 95%CI: 0.64−1.41). In con-
trast, BT injuries were associated with FP injuries
(X2 = 6.3, P = 0.0124). Birds with FP injuries were
more likely to also have BT injuries (OR = 1.5, 95%CI
1.09−2.02) compared to birds that had no FP injuries
(11.8% vs. 8.3%).
DISCUSSION

This study investigated the prevalence of injuries to
the head/neck (HN), back/tail (BT), and footpad (FP)
in Canadian turkey flocks to attempt to explain the co-
occurrence of three important health and welfare indica-
tors. These injuries are proposed to be caused by aggres-
sive bird-to-bird pecking (HN injuries), bird-to-bird
feather pecking/pulling with subsequent tissue pecking
(BT injuries), and footpad dermatitis is associated with
several factors such as litter management, stocking den-
sity and diet (Sherwin et al., 1999; Moinard et al., 2001;
Mayne, 2005; Mayne et al., 2007; Da Costa et al., 2014;
Leishman et al., 2021, 2022). Using data from 1,860
birds from 62 flocks, we found that birds with HN inju-
ries were 4 times more likely to have BT injuries. Birds
with FP injuries were 1.5 times more likely to have BT
injuries compared to birds without these respective inju-
ries.

This study is one of only a few reports investigating
the co-occurrence of HN, BT, and FP injuries in turkeys,
despite frequent reference to the theory that birds with
certain injuries may be more likely to be victims of other
injuries (Allain et al., 2013; Erasmus, 2018; Bartels
et al., 2020). We used a combination of flock-level and
individual-level analyses to provide in-depth insight into
this long-held hypothesis. Most studies attempting to
correlate different injuries, do so at the flock-level
(Allain et al., 2013; Villarroel et al., 2018; Marchewka
et al., 2019), which may not provide the granularity
required to identify etiology and distribution. Conse-
quently, it is not possible to discern whether the same
birds are being affected or these conditions are co-occur-
ring within flocks but affecting different birds. If we
found a correlation at the flock level, but were unable to
replicate this at the individual bird level, it would sug-
gest that it is not the same birds that are affected.
Understanding whether the same birds are affected by
different injuries could be advantageous in the develop-
ment of management strategies. A total of 131 birds out
of the 1,860 birds assessed (7%) presented with a combi-
nation of injuries. The most frequently observed combi-
nation was BT and FP injuries, which is in line with the
idea that birds with FP injuries are more likely to be vic-
tims of severe feather/tissue pecking (Allain et al., 2013;
Erasmus, 2018; Bartels et al., 2020).
Interestingly, we found no flock-level correlation

between the prevalence of FP and HN or BT injuries.
Birds with FP injuries are less mobile (Da Costa et al.,
2014) which may have different implications. These
birds may be less likely to perform injurious pecking
themselves, thereby reducing the overall prevalence of
pecking injuries, or as more frequently suggested, they
may be more likely to become victims of injurious behav-
ior (Allain et al., 2013; Erasmus, 2018). Only one study
has reported empirical data supporting a positive corre-
lation between prevalence of foot swelling and feather
pecking injuries in turkey flocks using slaughterhouse
assessments (Allain et al., 2013). The same study could
not assess correlations with HN injuries due to the low
prevalence of this condition (Allain et al., 2013), which
was also the least frequently observed injury in the cur-
rent study. It is noteworthy that assessing birds at the
slaughterhouse allows for better visibility of injuries
(especially for FP injuries) in addition to being able to
capture information from a large number of animals at
the end of production. In contrast, the present study
relied on farmer-reported prevalence for a variety of
flock ages, which may explain the deviation in results
(discussed more in-depth further). While not specifically
investigating FP injuries, Marchewka et al. (2019) found
no correlations between the prevalence of immobile/
lame turkeys and head, tail or wing wounds or feath-
erless areas. It is possible that these relationships are
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more difficult to detect at the flock-level or under barn
conditions due to for example, overcrowding, poor light-
ing, or dirty birds. Nevertheless, we report that on an
individual-level birds with FP injuries tended to be
1.5 times more likely to have BT injuries compared to
birds without FP injuries, further supporting that birds
with injuries to the FP are indeed more likely to be vic-
tims of pecking behavior (Allain et al., 2013; Erasmus,
2018; Bartels et al., 2020).

We further report that flocks with a higher prevalence
of HN injuries also had a higher prevalence of BT inju-
ries. This suggests that while aggressive pecking and
feather pecking might have different motivational back-
grounds (Dalton et al., 2013; van Staaveren and Har-
lander, 2020), both pecking behaviors are likely to co-
occur in the same flock. In contrast, Allain et al. (2013)
reported a negative correlation between evidence of
feather pecking and severe injuries (>5 cm linear
scratch) on the carcass, while Marchewka et al. (2019)
found no correlations between head and tail/wing
wounds in hen or tom flocks. Several considerations
must be noted when interpreting these findings. First,
injuries may be caused by injurious pecking, scratching
or a combination of both (Marchewka et al., 2019) but
they may also occur due to transport or processing at
the slaughterhouse (Allain et al., 2013; Villarroel et al.,
2018). Second, in the case of Allain et al. (2013) body
areas on which injuries were located (back, flank, wings,
hips, neck and head) were not differentiated. These con-
siderations may explain the inconclusive data regarding
flock-level correlations between injuries in the literature.
Interestingly, our individual-level analysis, which pro-
vides more detail, shows that birds with HN injuries
were 4 times more likely to have BT injuries compared
to birds that did not have HN injuries. This provides the
first empirical data to suggest that birds that are injured
due to injurious pecking are at a high risk of being tar-
geted for both aggressive (HN injuries) and feather peck-
ing (BT injuries).

Some limitations of the current study should be
acknowledged. The co-occurrence of the injuries based
on severity could not be assessed due to the low number
of severe scores recorded. Moreover, the cause for injury
co-occurrence is still unknown. While understanding the
root cause of each condition is important to efficiently
manage them, a definite conclusion on injury etiology
can not be drawn based on the current study and litera-
ture (Allain et al., 2013; Villarroel et al., 2018; Marche-
wka et al., 2019). Shared risk factors in housing and
management may trigger the injuries in these flocks. For
example, poor litter quality has been associated with
HN injuries (Marchewka et al., 2019), BT injuries
(Leishman et al., 2022), and FP injuries (Ekstrand and
Algers, 1997; Bergmann et al., 2013; Da Costa et al.,
2014), which may contribute to co-occurrence of these
injuries. Alternatively, there may be specific bird charac-
teristics that make individuals more likely to be a victim,
similar to actors and receivers of feather pecking in lay-
ing hens (van Staaveren and Harlander, 2020) or tail bit-
ing in pigs (Brunberg et al., 2013; Verbeek et al., 2021).
Experimental and/or longitudinal studies are needed to
determine if there is a causative order in these relation-
ships. Nevertheless, our observational research raises the
awareness that birds may incur some types of injuries
simultaneously, which may be overlooked if the focus
remains on the most visible injury (e.g., HN injuries are
likely observed before FP injuries in their initial stages).
Co-occurring injuries also require different intervention
or culling strategies compared to a single injury. For
example, a farmer may attempt to reduce pecking
behavior by reducing light intensity. However, the
behavior may be driven by footpad dermatitis due to the
barn’s litter quality, which reduces mobility and causes
some birds to be victimized by others. As a result, com-
bining management strategies to reduce footpad derma-
titis and pecking by conspecifics may be the most
beneficial and effective approach. Therefore, a holistic
management strategy demands thorough inspection of
birds to reduce injuries in turkey flocks.
Due to the cross-sectional nature of this study, com-

paring the prevalence of injuries with other studies is dif-
ficult and it should be acknowledged that an estimation
of prevalence was not the true aim of this study. The
sample size required to estimate prevalence with a high
level of confidence depends on the flock size, true preva-
lence, and trade-offs with feasibility (Main et al., 2012).
Rather than adapting the sample size for different flock
sizes (Main et al., 2012), the sample size was kept consis-
tent and small (30 birds) for participants as flock size
ranged between approx. 2,000 to 11,500 birds. This was
due to the survey being part of a large questionnaire
requiring farmers to answer questions on housing and
management, assess flock health including lifting heavy
turkeys, and in pilot discussion with industry it was
believed that requesting a larger sample size would
reduce the willingness of farmers to participate (Leish-
man et al., 2021, 2022). That said, certain programs do
request larger samples sizes to be assessed for example,
turkey farmers in Germany assess 50 birds within their
flocks for footpad dermatitis and pecking injuries
(Knierim et al., 2016). Additionally, despite clear
instructions on how to assign scores, select birds ran-
domly at different locations in the barn, and to remove
any loose litter from the feet, it cannot be stated for cer-
tain that all farmers followed these instructions in the
same way which potentially biased the results. Training
of farmers or dedicated auditors to collect the injury
scores after determining suitable intra- and interob-
server reliabilities would have been ideal, but was not
feasible in the current study.
Overall, the relatively large proportion of flocks with

at least one injury and the relatively low within-flock
prevalence suggests that a few birds incur these injuries
in many flocks, as opposed to many birds affected in a
few flocks. The former scenario could indicate that low
levels of injuries may be generally accepted or normal-
ized depending on the threshold of individual farmers
(Grandin, 2003; Palczynski et al., 2016), especially when
the issue is difficult to prevent or manage as is the case
with these pecking and footpad injuries. However, the
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large range in prevalence of the 3 injury types suggests
that in some flocks, nearly all of the sampled birds were
affected. This may signal farms where the injury has
become endemic, though the small number of birds sam-
pled means this should be interpreted with caution.
However, it may be especially true for FP injuries, possi-
bly due to issues with litter management affecting all
birds similarly. The variation in the prevalence of inju-
ries between flocks has been heavily researched in
attempts to elucidate risk factors for HN, BT, or FP
injuries (Sherwin et al., 1999; Moinard et al., 2001;
Mayne et al., 2007; Kyvsgaard et al., 2013; Da Costa
et al., 2014). Overlooking potential co-occurring injuries,
may make it difficult to ascertain true risk factors or
inaccurately attribute risk factors to one injury (Franco
et al., 2018). Considering that single/multiple factors
may lead to single/multiple outcomes (EFSA Panel on
Animal Health and Welfare (AHAW), 2012), assigning
priority to risk factors for co-occurring injuries may
allow for targeting the most important factors in the
housing and management of turkeys.

Overall, both mild and severe HN and BT injuries
were consistently less prevalent than FP injuries. Simi-
larly, the prevalence of FP injuries in various European
and US studies is typically high, and it is not uncommon
for up to 100% of the flock to be affected at slaughter
(Ekstrand and Algers, 1997; Krautwald-Junghanns
et al., 2011; Allain et al., 2013; Da Costa et al., 2014).
The prevalence of FP injuries in the current study was
generally lower than found in the aforementioned stud-
ies which can be due to the previously discussed diffi-
culty in on-farm assessment in terms of injury visibility
and potential for bias in selection of birds. Furthermore,
there were no restrictions on flock age to encourage par-
ticipation. Consequently, relatively young flocks were
included in the current study which may have skewed
the overall prevalence of injuries as all conditions
increase with age (Sherwin et al., 1999; Busayi et al.,
2006; Bergmann et al., 2013; Da Costa et al., 2014; Dal-
ton et al., 2016). Signs of feather (BT injuries) or aggres-
sive pecking (HN injuries) ranged between 1 to 24% and
0 to 1%, respectively, in slaughter assessments of 60 tur-
key flocks in France (Allain et al., 2013). These preva-
lence ranges are similar to those for severe HN and BT
injuries in the current study. It is probable that pecking
injury (HN, BT) detection is a priority since it is linked
to mortality (van Staaveren et al., 2020b). In summary,
the data presented herein suggest that FP injuries are a
more widespread and more severe concern among Cana-
dian turkey flocks than HN and BT injuries.
CONCLUSION

In conclusion, this study reported the prevalence of
integument injuries to the head/neck (HN), back/tail
(BT), and footpad (FP) area at the flock-level and bird-
level in Canadian turkey flocks. FP injuries were most
common, followed by BT and HN injuries. All three
injury types had a higher flock-level prevalence compared
to the bird-level prevalence, indicating that many flocks
are affected with a small number of cases in each flock.
We further report that birds with HN injuries or FP inju-
ries were more likely to have BT injuries. These relation-
ships between different integument injury types (e.g.,
pecking injuries and footpad injuries due to dermatitis)
highlight the need for a holistic approach in management
practices to ensure an intact integument in turkeys.
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