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ABSTRACT For many species, scales are used to clas-
sify discomfort and stress (e.g., facial expression/pain
scales). Although a significant number of vertebrates used
for scientific purposes are chickens, a corresponding scale
for birds has not yet been established. We developed a
Stressed Chicken Scale (SCS) to investigate whether it is
possible to assess discomfort in a chicken by its body pos-
ture. A selective review with additional handsearch was
conducted to find suitable parameters for visual stress
assessment. Seven potential body signals were identified:
Tail and head position, eye closure, beak opening, leg and
wing position, and plumage fullness (ruffled or fluffed up
feathers). The SCS was evaluated for interobserver reliabil-
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ity with veterinary students (n = 20), using randomized
pictures of stressed and unstressed chickens in lateral view
(n = 80). Observers were able to identify the body signals
on the pictures after a brief training session. Agreement
scores for interobserver agreement ranged from k = 0.31
(fair agreement) for eye closure to k = 0.78 (substantial
agreement) for beak opening. We found that the number
of body signals displayed in a stressed expression had an
impact on observers’ overall assessment of the chickens, for
example, chickens were more likely to be rated as stressed
if more than 4 signals indicative of stress were present. We
conclude that the 7 individual body signals can be used to
identify discomfort in chickens.
Key words: animal welfare, laboratory animal, chicken, poultry, noninvasive stress assessment
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INTRODUCTION

Chickens (Gallus gallus domesticus) are well known
for their use as farm animals for meat and egg produc-
tion. In addition, they are commonly used for scientific
purposes. In 2020, nearly 8 million animals were used as
laboratory animals in the EU and Norway, of which
5.3% were domestic fowl (live animals, first-time use).
This makes domestic fowl the third most commonly
used species after and mice (48.9%) and rats (8.4%), and
considerably more frequently used than other farm ani-
mals such as pigs (0.9%), sheep (0.2%) or cattle (0.3%)
(European-Commission, 2023b). In total, 513,762 birds
were used for research, testing, routine production, edu-
cation, and training purposes in the EU and Norway in
2020. Of these, 83.1% were domestic fowl (European-
Commission, 2023a). Poultry was mainly used for basic
research, translational and applied research, and regula-
tory purposes (European-Commission, 2023b).
Chickens are smart (Marino, 2017) and social animals

(Bestman, et al., 2013) with a strong flight instinct. As a
prey species, chickens, like many other birds, tend to
hide signs of illness (Christen, 2011), weakness (Kostka
and B€urkle, 2010; Pollock, 2011a; Scope, 2011; Doneley,
2016; Pees, 2018) or pain (Paul-Murphy, 2006) to avoid
drawing attention to themselves or the flock for as long
as possible (Scope, 2011; Doneley, 2015; Doneley, 2016;
Pees, 2018). Severely sick birds, however, are usually too
weak to hide their symptoms (Scope, 2011). Thus, if
clinical signs are seen in a bird, its general condition is
often very poor (Pollock, 2011a; PoultryDVM, 2021).
Birds are capable of nociception (Paul-Murphy, 2006;

Gentle, 2011) and can experience pain (Gentle, 2011;
Powers, 2015). Because a bird’s painful state can be
overlooked (Paul-Murphy, 2006), medical treatment
may begin too late (Powers, 2015) and result in under-
treated patients (Mikoni et al., 2022). Either way, unrec-
ognized suffering and pain is a serious animal welfare
issue.
Generally, sick birds show reduced activity (Poul-

tryDVM, 2021) to the point of apathy (Christen, 2011;
Siegmann and Neumann, 2011; Rautenschlein and Ryll,
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2014; Doneley, 2015; Gartner, et al., 2018; Pees, 2018),
sitting motionlessly and sleeping more than usual (Done-
ley, 2015). They show reduced attention to their envi-
ronment (Scope, 2011; Bestman, et al., 2018), fluffed
plumage (Korbel, et al., 2001) as well as range of unspe-
cific symptoms (Korbel, et al., 2001; Pollock, 2011a;
Scope, 2011; Siegmann and Neumann, 2011). In orna-
mental and pet birds a decreased escape reflex (often
misinterpreted as “sudden tameness”) can be observed
during illness (Korbel, et al., 2001; Kostka and B€urkle,
2010). Chickens separate themselves from the flock
(PoultryDVM, 2021) and attempt to hide when unwell
(Bestman, et al., 2013; Bestman, et al., 2018).

Unwell birds are often described as showing character-
istic “sick bird signs” (Powers, 2015), also cumulatively
described as the “sick bird look” (Doneley, 2015; Done-
ley, 2016) or, specifically in chickens, the “depressed bird
look” (Okinda et al., 2019; PoultryDVM, 2021). Chick-
ens commonly exhibit similar body signals after pecking
order attacks (Kolb, 1980). The position of the tail has
been described as an anatomically reliable behavioral
parameter (Bessei, 1972).

The “sick bird look” refers to a bird with a dropped tail
(Damerow, 2015), a tucked-in head (Damerow, 2015;
Doneley, 2016), partially or fully closed eyes (Damerow,
2015; Doneley, 2015; Doneley, 2016), an open beak for
breathing (Damerow, 2015), dropped wings (Damerow,
2015; PoultryDVM, 2021), and expressing a hunched
posture (Damerow, 2015) with fluffed feathers (Dam-
erow, 2015; Doneley, 2015; Doneley, 2016). The ruffling
and fluffing of feathers begins in the head and neck area
(Kostka and B€urkle, 2010) and is particularly prevalent
in the back area (ITIS, 2014).

A chicken showing the “depressed bird look” is
described having a bent tail (Okinda et al., 2019; Poul-
tryDVM, 2021), a tucked-in head (Okinda et al., 2019;
PoultryDVM, 2021), partially or completely closed eyes
(PoultryDVM, 2021), dropped wings (Damerow, 2015;
PoultryDVM, 2021), a hunched posture (PoultryDVM,
2021), and ruffled plumage (PoultryDVM, 2021). In
addition, the “depressed bird look” refers to a chicken
whose shape tends to be more circular and convex com-
pared to that of a healthy animal (Okinda, et al., 2019).

Pain and stress assessment in laboratory animals is of
great importance and can be particularly challenging in
prey animals such as chickens, and observers must be
sensitive to body signals that may indicate a state of
pain or discomfort.

Facial Expression Scores or Grimace Scales are used
for pain assessment in non-verbal humans (Hadjistavro-
poulos et al., 2001). In a similar approach, “facial action
units” (FAUs) have been defined for a large number of
animal species. These are recognizable changes in prede-
fined regions of an animal’s face when the animal is con-
fronted with a negative stimulus. They can be used to
distinguish between pain-free and painful animals (for a
review see: Evangelista et al. (2022), Fischer-Tenhagen
et al. (2022)). While applicability varies between species,
it has been shown that these scales can help to identify
suffering animals more quickly.
So far, such scores have been described for mice
(Langford et al., 2010), rats (Sotocinal et al., 2011), rab-
bits (Keating et al., 2012), horses (Dalla Costa et al.,
2014), cats (Holden et al., 2014), cattle (Gleerup, et al.,
2015; M€uller, et al., 2019), pigs (Di Giminiani et al.,
2016), ferrets (Reijgwart et al., 2017), seals (MacRae
et al., 2018), sheep (McLennan and Mahmoud, 2019),
donkeys (Orth et al., 2020) and several primates. How-
ever, at this point in time, research regarding facial
expression in birds is limited to 3 studies dealing with
the recognition of positive emotional states: In blue-and-
yellow macaws, ruffled head feathers (crown, nape, and
cheek) and blushing on the bare skin of the cheek were
recorded in response to positive events (Bertin, et al.,
2018a), in Japanese quails, the position of the crown and
throat feathers and pupil dilation were found to indicate
positive emotions (Bertin, et al., 2018b), and in Sulphur-
crested Cockatoos, calmness was associated with ruffling
of the cheek and nape feathers (Bertin, et al., 2020).
Results from Mikoni, et al. (2023b) suggest that birds

have a reduced ability to express pain through facial
expression. Since their anatomy differs from mammals,
some of the typical FAUs used in mammals cannot be
applied to birds in the same way.
While welfare assessment systems such as the M-Tool

(Keppler, et al., 2017) and the Welfare Quality Assess-
ment protocol are in place to assess management, main-
tenance, and housing conditions of poultry (Welfare-
Quality-consortium, 2009) and laying hens (Welfare-
Quality�-consortium, 2019), there appears to be a lack
of information on stress and pain assessment when it
comes to individual chickens and birds with only a hand-
ful of validated methods in use today (Mikoni et al.,
2022). Currently existing systems have been summa-
rized and reviewed by Gentle (2011) and Mikoni et al.
(2022).
Current avian discomfort assessment systems include

1) pain scales for pigeons (Desmarchelier et al., 2012),
birds in general (Mikoni et al., 2023b), and cockatiels
(Mikoni et al., 2023a), 2) ethograms for Hispaniolan par-
rots (Paul-Murphy, et al., 2009), pigeons (Desmarche-
lier, et al., 2012), laying hens (Casey-Trott and
Widowski, 2016), and for cockatiels (Turpen et al.,
2019), 3) info brochures for pet birds (ITIS, 2014), and
4) infographics for turkeys (Mailyan, 2019) and for
chickens (PoultryDVM, 2021) (Table 1). Pictorial scales
can be helpful in assessing specific body signals on an
individual level.
Automated systems have been developed to detect

individual sick birds in a flock (Okinda et al., 2019;
Zhuang and Zhang, 2019). However, these birds tend to
only be identified at a very late stage of illness, often
only when all movement has ceased or the bird is already
dead (Zhuang and Zhang, 2019).
Existing assessment tools, such as ethograms, primar-

ily focus on behavior, which differs from the focus of our
study. Automated systems and welfare guides for chick-
ens prioritize flock health, whereas our aim is to assess
individual chickens. While some studies discuss birds’
facial expressions, they focus on positive emotions rather



Table 1. Comprehensive overview of previously described assess-
ment systems in birds.

Bird species Category Reference (year)

Hispaniolan Parrots Ethogram Paul-Murphy et al.
(2009)

Pigeons Pain Scales/
Ethogram

Desmarchelier et al.
(2012)

Pet Birds Infographic ITIS (2014)
Laying hens Ethogram Casey-Trott and

Widowski (2016)
Blue-and-Yellow
Macaws

Facial Expression Bertin et al. (2018a)

Japanese Quails Facial Expression Bertin et al. (2018b)
Turkeys Infographic Mailyan (2019)
Broiler Automated System Okinda et al. (2019)
Cockatiels Ethogram Turpen et al. (2019)
Broiler Automated System Zhuang and Zhang

(2019)
Chickens Infographic PoultryDVM, 2021
Cockatiels Pain Scale Mikoni, et al.

(2023a)
Birds in general Pain Scale Mikoni, et al.

(2023b)
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than discomfort. In view of the absence of facial expres-
sion scales for chickens, this study aims to explore the
use of posture and habitus of chickens to assess stress
levels on a “Stressed Chicken Scale” (SCS). “Stress” was
defined as any physical discomfort such as pain or illness
(Bernatzky, 1997), as well as emotional distress caused
by “all feelings of displeasure not covered by the exact
concept of pain” (Bernatzky, 1997).
MATERIAL AND METHODS

Defining Parameters for a Stressed Chicken
Scale

A selective literature review was conducted to identify
appropriate parameters for stress assessment in chickens
using the online database PubMed� and the university
library of the Free University Berlin including the online
literature selection available via the University-based
platform “Primo,” which also includes unpublished
dissertations, i.e., monographs. Relevant information
regarding commercial poultry, backyard poultry and pet
birds was selected from books, journal publications and
other sources such as online data (e.g., veterinary web-
sites).

Firstly, the keywords “pain,” “pain detection,” “sick
bird look/signs/posture,” “depressed bird look/signs/
posture,” and “grieving posture” were used to identify rel-
evant chapters in textbooks (n = 7) on poultry health
care. Particular attention was paid to chapters on ani-
mal observation, flock health, clinical examination of
avian patients and disease detection. The search was
then expanded by using the same keywords to identify
relevant information in textbooks from the domain of
backyard poultry as well as pet birds and ornamental
birds such as parakeets and parrots. Particular attention
was paid to chapters on pain and pain management in
avian patients (n = 8). The following keywords were
then used individually and/or in various combinations
to identify relevant literature on the platforms PubMed
and “Primo”: “chicken(s),” “bird(s),” “poultry,” “labora-
tory animals,” “facial expression,” “grimace scale,” “wel-
fare,” “animal welfare,” “pain,” “pain assessment,” “pain
evaluation,” “pain face,” “pain scale.”
The results (body signals exhibited by chickens in dif-

ferent scenarios) were summarized (Table 2) and used
for the development of a Stressed Chicken Scale.
Animals

This study is not an animal experiment according to
German Animal Protection Act, since the conducted
interventions are in first-level interventions of common
veterinary practice and a part of standard livestock
management. Ethical review and approval were not
required for this study because no additional experimen-
tal interventions, which would not have been done dur-
ing routine veterinary practice, were conducted. The
filming process did not affect the chickens or the clinic
staff. All chickens used in this study came to the Insti-
tute for Poultry Diseases, Faculty of Veterinary Medi-
cine, Free University of Berlin, Berlin, Germany for
regular vaccination. None of the chickens were handled
or treated differently from the normal procedure during
the vaccination events. Therefore, the procedure can be
considered as a routine non-experimental clinical veteri-
nary practice.
A total of 430 adult pet (backyard) chickens of vari-

ous breeds and unknown age from private smallholdings
presented for routine vaccination at the Institute of
Poultry Diseases, between December 1, 2020, and Sep-
tember 7, 2021, were filmed for this study. This period
was assumed to be long enough to generate a sufficiently
large convenience sample because all appointments were
scheduled, allowing an estimate of the number of
patients who would be present during this period. All
owners had made an appointment for vaccination in
advance so the maximum waiting time before entering
the treatment room was 10 min. Chickens were trans-
ported using cat transport boxes or cardboard boxes
with 1 to 10 chickens per box. No inclusion or exclusion
criteria were defined for either husbandry or origin, how-
ever, dwarf breeds, feather-footed breeds, frizzle and
silkie chickens as well as tailless breeds (e.g., Araucana)
were excluded from the study due to their breed-specific
characteristics and anatomical features (Table 3).
Of the 430 chickens mentioned above, 81 hens and

young roosters (up to 5 mo) from laying lines (n = 37,
including brown and white layers) and dual-purpose
breeds (n = 44, including Amrock, Bielefelder Chicken,
Bovans Black, German Empire Chicken, Rhode Island
Red, German Cuckoo, Sussex, and Vorwerk Chicken)
were used to create and evaluate a Stressed Chicken
Scale.
Data Collection

Upon presentation of each animal, a video camera
(SONY HDR-PJ 650 Handycam) was set up to monitor



Table 2. Body signals indicative of stress (including discomfort, distress, pain, signs of disease) in different species of bird; results of the
selective literature review.

Body signal Expression in an unstressed animal Expression in a stressed animal Reference (year)

Tail position Tail carried high Tail drooping Christen (2011),2, Damerow (2015),4,
Gentle (2011),3, Kostka and B€urkle
(2010),2, Mailyan (2019),5, Okinda et al.
(2019),4, PoultryDVM, 2021,4, Scope
(2011),2

Head position Head raised high, outstretched neck Head tucked in Bestman, et al. (2013),4, Damerow
(2015),4, Doneley (2016),1, Okinda et al.
(2019),4, Paul-Murphy (2006),1, Poul-
tryDVM, 2021,4

Eye closure Eyes wide open Eyes fully or partially closed Bestman, et al. (2013),4, Bestman, et al.
(2018),4, Christen (2011),2, Damerow
(2015),4, Doneley (2015),2, ITIS
(2014),2, Kostka and B€urkle (2010),2,
Mailyan (2019),5, Pollock (2011b),2,
PoultryDVM, 2021,4

Beak opening Beak closed while breathing Beak fully or partially opened, panting Bestman, et al. (2013),4, Bestman, et al.
(2018),4, Damerow (2015),4, Kostka and
B€urkle (2010),2, Mailyan (2019),5, Pees
(2018),2, Rautenschlein and Ryll
(2014),3, Siegmann and Neumann
(2011),3

Wing position Wings carried high, held close to the body Wings drooping Damerow (2015),4, Doneley (2016),1, ITIS
(2014),2, Kostka and B€urkle (2010),2,
Mailyan (2019),5, Pees (2018),2, Poul-
tryDVM, 2021,4, Powers (2015),1

Leg posture Upright standing position Hunched posture, bent legs, crouching or
lying down

Bestman, et al. (2013),4, Bestman, et al.
(2018),4, Christen (2011),2, Damerow
(2015),4, Gartner, et al. (2018),4, Gentle
(2011),3, Kostka and B€urkle (2010),2,
Mailyan (2019),5, Okinda et al. (2019),4,
Paul-Murphy (2006),1, Pollock
(2011b),2, PoultryDVM, 2021,4, Powers
(2015),1, Scope (2011),2, Swayne, et al.
(2020),3, Zhuang and Zhang (2019),4

Fullness of plumage Streamlined plumage Ruffled / fluffed feathers Bestman, et al. (2013),4, Bestman, et al.
(2018),4, Butcher, et al. (2018),3, Chris-
ten (2011),2, Damerow (2015),4, Doneley
(2015),2, Doneley (2016),1, Gartner, et
al. (2018),4, ITIS (2014),2, Korbel, et al.
(2001),3, Kostka and B€urkle (2010),2,
Mailyan (2019),5, Pees (2018),2, Pollock
(2011b),2, PoultryDVM, 2021,4, Powers
(2015),1, Rautenschlein and Ryll
(2014),3, Scope (2011),2, Siegmann and
Neumann (2011),3, Swayne, et al.
(2020),3, Zhuang and Zhang (2019),4

1Birds in general.
2Ornameltal/pet birds.
3Poultry/fowl.
4Chickens.
5Turkeys.
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the ensuing examination. A white screen was placed
behind the examination table. The camera was set up
157 cm from the table and aimed at the chicken at eye
level.

Each chicken was taken out of the transport box and
placed on the examination table where it was left to
adjust to its surroundings for a period of approximately
10 to 20 s. During this time, a superficial adspection of
the animal was performed. Next, each chicken under-
went a physical examination that lasted approximately
2 min, modified according to Kummerfeld (2015). The
examination included adspection of the plumage, eyes,
nose, and beak, as well as the vent area, legs and feet,
palpation of the breast muscles to determine the ani-
mal’s body condition and palpation of the coelom
(including assessment of laying activity). It also included
inspection of the oral cavity, glottis and trachea as well
as auscultation of the heart and lungs using a stetho-
scope and weighing of the animal. Clinically healthy ani-
mals then received 0.5 mL of an inactivated vaccine
against Newcastle Disease and Infectious Bronchitis
(NOBILIS ND + IB, Intervet Deutschland GmbH, a
company of MSD Tiergesundheit, Unterschleißheim,
Germany), which was administered subcutaneously in
the neck. After inoculation, the chicken was returned to
the examination table and filmed for a further 10 to 20 s
before being returned to the transport box, while the
next chicken was taken out of the box. Chickens exhibit-
ing symptoms of illness did not receive the vaccine.
All chickens included in this study are used to being

handled. They were therefore classified as “unstressed”
or “slightly stressed” (due to the transport) upon



Table 3. Selection of potentially problematic breed characteris-
tics in stress assessment.

Body signal
Breed characteristic

(selection)
Affected chicken
breeds (selection)

Tail position No tail Rumpless Araucana
Rumpless Araucana
Bantam

Rumpless Game
Ruhlaer Bantam

Tail carried in a
straight position

German Reichshuhn
German Reichshuhn
Bantam

Dominique
Hamburg
Phoenix
Phoenix Bantam
Sumatra
Sumatra Bantam
Old English Game
and similar

Tail carried in a low-
ered position

Cubalayas
Shamo

Eye closure Crest / tuff Cr�eve Coeurs
Crevecoeur Bantam
Houdan
Houdan Bantam
Padovana Chicken
Poland Bantam
Sultan
Other crested
chickens

Head plumage Rumpless Araucana
Rumpless Araucana
Bantam

Brabanter Chicken
Faverolles
Faverolle Bantam
Orloff
Orloff Bantam
Sulmtaler
Sulmtaler Bantam
Silkie and bearded
chickens

Wing position Wings worn down Chabos
Okina-Chabos
Ohiki
Sebright Chicken
Sultan
Sundanese Game-
fowl

Tuzo
Some Bantams and
dwarf breeds

Leg posture Low stand / short
legs

Kr€uper
Zwerg-Kr€uper
Ohiki
Okina-Chabos
Frizzle
Some Bantams and
dwarf breeds

Fullness of plumage Special plumage /
feather structure

Cochin
Pekin Bantam
Frizzle
Silkies

In some chicken breeds, some of the body signals mentioned cannot be
used, or can only be used to a limited extent, due to outstanding breed
characteristics (see Schmidt and Proll [2011]).
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presentation. After vaccination, we expected the chick-
ens to develop an increased stress level, as signs of
increased stress are to be expected after intensive
handling or injections, according to current literature
(Balcombe et al., 2004).
Video Preprocessing and Creation of a
Stressed Chicken Scale

An individual video clip of each chicken was created
form the raw video material using iMovie for iOS and
macOS (APPLE Inc., Cupertino, CA). On average,
video clips were 28 s long and all audio was removed.
Each clip consisted of a shot of the chicken before vacci-
nation followed by a black screen and a shot of the
chicken after vaccination. The video clip was only
included in the study if the chickens were from laying
lines or dual-purpose breeds and if they were fully visible
on screen for the entire duration of the clip (n = 80).
Videos clips were reviewed by the first author, who

has been involved in the veterinary care of backyard
poultry for several years and has studied chickens’
behavior and body signals extensively as part of her sci-
entific work. Screenshots were taken whenever the
chicken displayed one of the predefined indicators of dis-
comfort mentioned in the literature in stressed expres-
sion (Table 2), and the chicken was visible in its entirety
and from a lateral viewpoint. The screenshots, which the
first author considered to have particularly good visibil-
ity of the body signals, were used to create an image cat-
alog - the Stressed Chicken Scale (Figure 1).
Screenshot Generation for Reliability Testing

For each video clip, a screenshot was taken 1 s after
vaccination if the chicken was seen from the side or 2 s
after vaccination if the chicken was in motion. The
screenshots were randomly divided into 4 sets of 20 pic-
tures, using the RAND function in MICROSOFT Excel
(Microsoft Office 365).
The screenshots included chickens showing none of

the body signals in stressed expression as well as some
chickens showing several signals in a stressed expression.
The number of body signals displayed in stressed expres-
sion was variable, as pictures were randomly assigned to
the picture sets. Chickens can be expected to be mildly
stressed due to handling, restraint and vaccination (see
Balcombe, et al. (2004)), so the screenshots consist only
of pictures of potentially stressed chickens.
Reliability Testing

There were 5 groups of 4 observers (veterinary stu-
dents). Each student rated a set of 20 screenshots.
As part of their clinical rotation in livestock medicine,

veterinary medicine students in their final year of educa-
tion at the Free University Berlin (n = 20) were
recruited as observers for reliability testing. The observ-
ers were split into groups of 4 and received a 20-min
training session on how to use the Stressed Chicken
Scale, delivered by the first author of this manuscript.
First, the observers watched a MICROSOFT Power-
Point presentation (Microsoft Office 365) on the 7 body
signals indicative of discomfort in chickens. Then, the
observers were presented with 10 pictures of chickens



Figure 1. Stressed Chicken Scale (SCS). An image catalog was created showing chickens from laying and dual-purpose breeds in lateral view. It
consists of 3 example pictures for each of the 7 body signals in a stressed chicken, as well as an example of the expression in an unstressed animal.
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showing varying degrees of expression of discomfort.
These were screenshots from video material that had
previously been excluded because they were not clear
enough to be included in the SCS.
Immediately after the training session, each observer
was then presented with a set of 20 screenshots for inde-
pendent evaluation. For each screenshot, they were
asked to assign a score (signal “visible” = stressed
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expression (including all 3 sample pictures on the
scale), “not visible” = unstressed expression, “I don’t
know” = uncertain to score or unable to interpret/recog-
nize) for each of the following body signals: Position of
the tail, position of the head, eye closure, beak opening,
wing position, leg posture and fullness of plumage. In
addition, they were asked to rate the overall appearance
of the animal as either “stressed” or “unstressed.” For
guidance, observers were given a printed version of the
SCS.
Statistical Analysis

Score sets were recorded in MICROSOFT Excel
(Microsoft Office 365) worksheets. For each picture, the
frequency of assigned scores was derived. The frequency
of “I don’t know” responses indicated whether the
observers had difficulties to assess the respective body
signal after the short training session on the use of the
SCS. If they chose the “I don’t know” option, we assumed
they couldn’t identify the body signal on the individual
screenshot. Images with particularly high “I don’t know”
ratings were reevaluated by the first author after the
survey to determine potential bias.

Statistical analyses were performed using SPSS Statis-
tics, version: 28.0.1.0 (142) (IBM, IBM Deutschland
GmbH, Germany, 2021). The observers’ assessments on
average were compared with an expert standard (= first
author’s assessment, taken as the truth of reference) and
used to determine the interobserver agreement between
the multiple observers. In accordance with Landis and
Koch (1977) the following cut-off values were used to
assess kappa values (k): <0.00 = lass than chance (poor)
agreement, 0.00-0.20 = slight, 0.21−0.40 = fair, 0.41
−0.60 = moderate, 0.61−0.80 = substantial, 0.81
−1.00 = almost perfect. The variability of agreement
(kappa values) due to having several student ratings
being compared to the expert assessment was visualized
using box-and-whisker plots.

Positive and Negative Predictive Values (PPV,
NPV) and Spearman Rank correlations were used to
Figure 2. Schematic representation of the 7 body signals; tail position,
fullness of plumage: (A) Unstressed chicken standing upright with tail and h
logical position held close to the body, and streamlined plumage. (B) Stress
drooped tail (1), a tucked-in head (2), (partially) closed eyes (3), a (partially
posture with legs bent (e.g., sitting or lying down) (6), with ruffled and fluffe
compare the strength of the association between each of
the body signals and the overall rating of the chickens
as stressed or unstressed. The Spearman correlation
coefficient (rs) was interpreted as follows: 0.0 < 0.1 = no
correlation, 0.1 < 0.3 = low correlation, 0.3 < 0.5 = mod-
erate correlation, 0.5 < 0.7 = high correlation, 0.7
< 1 = very high correlation (B€uhl and Zofel, 2005).
P-values <0.05 were considered significant.
Finally, it was assessed whether the number of indi-

vidual positive scores was associated with the observers’
overall rating of the chicken as stressed or unstressed
using the SUM function in MICROSOFT Excel (Micro-
soft Office 365).
RESULTS

Selective Review The selective literature review
yielded 33 publications and 25 textbooks, which were
searched for suitable information on the posture of a
bird in discomfort. In total, 15 books, 4 journal articles
and 5 website entries contained explicit descriptions of
posture in unwell birds. Of these, 3 referred to birds in
general, 6 to poultry in general, 7 to pet and ornamental
birds, 1 was specific to turkeys and 7 were specific to
chickens (Table 2).
Especially ruffled and fluffed feathers, a crouched pos-

ture with hanging wings, a bent tail and a tucked in
head were mentioned as early signs of a possible discom-
fort of the “stressed chicken.” Closed eyes and/or an
open beak when breathing are further indications of a
disturbed general condition and/or distress/pain.
Body signals associated with distress in birds in the

literature reviewed: fullness of plumage (n = 21), leg pos-
ture (n = 16), eye closure (n = 11), beak opening
(n = 8), tail position (n = 8), wing position (n = 8),
head position (n = 7) (Table 2, Figure 2).
The “depressed/sick bird” look is described differently

by different authors and contains the body signals in dif-
ferent combinations. Moreover, the stressed expression
of the body signals is sometimes described slightly
head position, eye closure, beak opening, wing position, leg posture and
ead raised high, eyes open, beak closed while breathing, wings in physio-
ed chicken showing signs of discomfort, distress, pain, or illness, with a
) open beak for breathing (4), wings drooping (5), expressing a hunched
d plumage beginning in the neck, lower back, and lower breast area (7).
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differently from the summary shown in Table 2 for some
bird species.

Poultry, like chickens, in pain shows a lowered head
(Gentle, 2011; PoultryDVM, 2021), while a bent or
stretched neck or a under-one-wing-tucked head can be
seen in unhealthy turkeys (Mailyan, 2019). Some birds
will have their heads tucked over their shoulders when
showing signs of illness (Doneley, 2016).

An open beak with tail bobbing while breathing is
mentioned as a common symptom in sick (ornamental)
birds (Pees, 2018), sick turkeys may exhibit wheezy
breathing (Mailyan, 2019) and having hanging,
upwardly drawn wings (Mailyan, 2019). In ornamental
and pet birds periods of illness can cause spread wings
(Pees, 2018).

Poultry in pain tends to sit down (Gentle, 2011) and
generally exhibits a crouched posture (Swayne, et al.,
2020). Chickens in prolonging pain, stress or fear, too,
show a crouched posture (Paul-Murphy, 2006). A
hunched posture has been described for sick chickens
(Bestman et al., 2013; Damerow, 2015; Bestman et al.,
2018; Gartner et al., 2018). They may be sitting (Best-
man, et al., 2013; Bestman, et al., 2018), slumped (Best-
man, et al., 2018), or even lying down (Zhuang and
Zhang, 2019), or can be seen sitting on their hocks
(PoultryDVM, 2021). An unhealthy turkey may have
drawn in legs (Mailyan, 2019).

Generally, a bird in pain shows an altered, loose sit-
ting posture (Powers, 2015). An ornamental bird sitting
on the ground may be sick (Kostka and B€urkle, 2010;
Pollock, 2011b) or in poor general condition (Christen,
2011; Scope, 2011). It may have its legs spread apart
(Christen, 2011; Scope, 2011), showing a hunched pos-
ture (Kostka and B€urkle, 2010) or unevenly loaded feet
(Pees, 2018).

In contrast to that, a healthy/unstressed chicken has
been described in the literature as standing upright,
Figure 3. Body signal recognizability in percent. An “I don’t know” opt
the body signals in the pictures shown. Both response options, parameter “vi
sample pictures on the scale) and “not visible” (= unstressed expression), wer
with head and tail raised high, streamlined plumage and
clear eyes open. The beak is closed when breathing, the
wings are held close to the body in physiological position
(see Pees (2018) and Mikoni, et al. (2023b)) (Figure 2).
Stressed Chicken Scale The study utilized a selective
review to identify potential body signals that may indi-
cate pain, stress, discomfort, or disease in chickens.
From these, 7 body signals indicative of a distressed or
sick bird were identified: A dropped tail, a tucked head,
(partially) closed eyes, an open beak to breathe, droop-
ing wings, a crouched posture with legs bent and ruffled
plumage (Table 2). These signals were used to create the
Stressed Chicken Scale (Figure 1). Varying degrees and
combinations of expression of these body signals are pos-
sible in stressed chickens. Fullness of plumage can be
seen especially in the neck, lower back, and lower breast
area. The primary feathers are the first to become visible
when a wing drop begins.
Recognition of Body Signals. For the body signals

head position, leg posture, tail position, fullness of plum-
age, wing position, and beak opening observers opted for
the rating “I don’t know” in under 5% of cases (head
position 0.5%, leg posture 1%, tail position 1.5%, fullness
of plumage 2.5%, wing position 3.25%, beak opening
3.5%). For eye closure, the “I don’t know” option was
selected in 5.75% of cases, with the option being used
23 times (Figure 3).
Reliability Testing. There was substantial agreement

between observer overall rating and expert rating
(k = 0.66). When looking at individual signals, agreement
again was substantial for beak opening (k = 0.8), tail
position (k = 0.75), head position (k = 0.72), general
appearance (k = 0.68), and leg posture (k = 0.67), and
moderate for wing position (k = 0.58), eye closure
(k = 0.51) and fullness of plumage (k = 0.54). As depicted
in Figure 4, eye closure in addition to having the lowest
average kappa showed a rather wide value range.
ion was used to determine how confident observers were in recognizing
sible” (= stressed expression, including body expressions as seen in the 3
e counted as recognizing the body signal.



Figure 4. Agreement scores between observers and expert standard. Distribution of agreement scores of Cohen’s Kappa values between each
observer and expert standard/reference. Boxes represent the difference between the 25th and 75th percentiles of the data (interquartile range IQR)
while feathers indicate the spread of the data (minimum −maximum).
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Overall, interobserver reliability was moderate
(k = 0.53). The highest interobserver reliability was
found with substantial agreement for the body signals:
Beak opening (k = 0.78, ranging from 0.66 to 0.95) and
tail position (k = 0.76, ranging from 0.66 to 0.87). This
was followed by moderate agreement for the body sig-
nals: Head position (k = 0.59, ranging from 0.41 to
0.71), general appearance (k = 0.54, ranging from 0.42
to 0.69), leg posture (k = 0.51, ranging from 0.29 to
0.73), and wing position (k = 0.44, ranging from 0.29 to
0.61) and fair agreement for the body signals: Fullness of
plumage (k = 0.33, ranging from 0.17 to 0.59) and eye
closure (k = 0.31, ranging from -0.01 to 0.46). Again, eye
closure showed the widest range of kappa values
(Figure 5).
Figure 5. Interobserver reliability. Distribution of agreement scores of C
sent the difference between the 25th and 75th percentiles of the data (interq
mum −maximum).
Parameter Effects. The parameter “closed eyes” had
the highest positive predictive value (90.16%) for the
final outcome “stressed”. This was followed by “tail
drooping” (PPV: 85.4%), “wing drooping” (PPV:
84.4%), “open beak” (PPV: 83.82%), “ruffled plumage”
(PPV: 82.44%), “head tucked in” (PPV: 79.84%) and
“bent legs” (PPV: 72.38%) (Figure 6).
The parameter “tail dropping” had the highest nega-

tive predictive value (64.34%), so a chicken not showing
this body signal was most likely to be labeled
“unstressed” for the final outcome. This was followed by
“bent legs” (NPV: 63.88%), “closed eyes” (NPV:
60.26%), “head tucked in” (NPV: 59.44%), “wings drop-
ping” (NPV: 53.5%), “open beak” (NPV: 40.38%) and
“ruffled plumage” (NPV: 40.36%) (Figure 6).
ohen’s Kappa values between pairs of individual observers. Boxes repre-
uartile range IQR) while feathers indicate the spread of the data (mini-



Figure 6. Influence of the body signals on the overall stress assessment of chickens. Positive predictive value (PPV) and negative predictive
value (NPV) were used to show the probability that a chicken displaying a particular body signal in its stressed/unstressed expression would be
classified as stressed/unstressed. A chicken that meets the “eyes closed” parameter will be classified as stressed with a probability of more than 90%,
while there is a 64.34% probability that a chicken that does not meet the “tail down” parameter will be classified as unstressed.
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There was a high correlation between the overall
appearance and the tail position (rs = 0.51) and a mod-
erate correlation between the overall appearance and
the body signals: Fullness of plumage (rs = 0.43), head
position (rs = 0.4), wing position (rs = 0.37) and leg pos-
ture (rs = 0.32). These correlations were found to be sig-
nificant for the body signals: Tail position, head
position, fullness of plumage, leg posture, and wing posi-
tion with p = <0.001, p = <0.001, p = 0.01, p = 0.01,
p = 0.02, respectively.

Correlation was low for the body signals: Eye closure
(rs = 0.19) and beak opening (rs = 0.17), and not signifi-
cant (p = 0.17, p = 0.21).

In addition, we found that the number of body signals
(equally weighted) shown in either stressed or unstressed
expression by a chicken affected the overall rating of the
chicken (≥ 4 body signals in stressed expression led to an
Figure 7. Frequency of body signals in either stressed or unstressed exp
Frequency (%) of the number of body signals rated as “parameter visible” fo
signals rated as “parameter not visible” for the overall rating as unstressed.
overall rating as stressed, pictures with ≤ 2 parameters
in stressed expression were rated as unstressed)
(Figure 7).
DISCUSSION

Despite the fact that avian species are commonly kept as
companion and laboratory animals (Paul-Murphy et al.,
2009), information regarding pain (Paul-Murphy et al.,
2009) or stress (Mikoni et al., 2022) assessment in these
species is scarce. Grimace scales and facial expression scales
are excellent tools to assess pain in other species and can be
used in laboratory assessments and as educational tools for
study and training (Mikoni et al., 2022). However, at this
point in time, a scale comparable to grimace/facial expres-
sion scales does not exist for chickens. Hence, the aim of
this study was to develop a non-invasive tool for stress
ression that resulted in an overall assessment as stressed or unstressed.
r the overall rating as stressed and frequency (%) of the number of body
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assessment in chickens. More specifically, we set out to
compile common body signals indicative of discomfort in
chickens and create a scoring system based on these body
signals. A selective literature review revealed that the most
common body signals indicative of discomfort in chickens
are: A dropped tail, a tucked head, (partially) closed eyes,
an open beak to breathe, drooping wings, a crouched pos-
ture with bent legs, and ruffled plumage. For a good assess-
ment of pain or stress, one should use validated indicators
that are appropriate for the target species (Prunier et al.,
2013). Therefore, the selective review was initially focused
on chickens. In order not to miss a potentially suitable
body signal, the selective review was subsequently
extended to other avian species (Table 2).

The scale developed in this study was based on dual-
purpose and laying lines as these are the most common
breeds in animal testing and poultry farming (egg pro-
duction). For this purpose, the SCS was invented and
evaluated using pictures of hens and young roosters
from fitting breeds and excludes breeds with outstanding
features (Table 3). Further research is needed to deter-
mine the applicability to other breeds or any necessary
modifications to the scale itself.

When presented with images of chickens exhibiting
signs of distress, observers were able to recognize the 7
most common indicators of discomfort, after a short
training session. However, some of the signals seemed to
be easier to recognize than others. For the body signal
head position, the answer “I don’t know” was only chosen
twice. In contrast, in 23 cases, observers were unsure
whether or not the chicken had its eyes closed. This is in
line with findings regarding facial expression scores with
up to 21% of observers unable to recognize “tension
above the eye” in horses by Dalla Costa et al. (2014).
Possible reasons include varying picture quality and var-
iations in the coat color of the horses, with darker coat
colors proving to be more difficult for observers to rate
and, unsurprisingly, a picture of a dark-coated horse
against a dark background also seemed to be problem-
atic (Dalla Costa et al., 2014). In our study, all chickens
were filmed in front of a uniform screen, which rules out
the background as a factor that could cause problems.
Nevertheless, we looked at the 10 screenshots with either
the best or worst overall observer agreement compared
to the expert standard, as well as the 10 ones with the
most used “I don’t know” options and were unable to
identify any breed or plumage color that was particu-
larly bad or good.

When testing the applicability of a grimace scale for
ferrets, the parameters “orbital tightening” and “ears”
were undistinguishable for 4% and 9% of observers,
respectively with a larger percentage of uncertainty
among images of ferrets with longer fur (Reijgwart
et al., 2017). Di Giminiani et al. (2016) showed that,
when using a grimace scale on pigs, only 2% of observers
were unable to identify “orbital tightening” whereas 72%
were unable to identify “nostril dilatation”. In the study
by Di Giminiani, et al. (2016), a lamp suspended above
the observation area may have caused unwanted shad-
ows and led to these results. Overall, poor lighting, poor
picture quality as well as the fast movements of the
piglets could have resulted in these scores (Di Giminiani,
et al., 2016). The images used in our study were screen-
shots from video material, which may have affected the
quality and resolution. Keating et al. (2012) showed in
the rabbit grimace scale that variable picture quality
influenced the overall accuracy of global pain assess-
ment.
In line with our findings for participants using the “I

don’t know” option, the body signal eye closure showed
rather wide value ranges for the agreement scores. How-
ever, there were good, respectively moderate, agreement
scores for eye closure and fullness of plumage, while the
body signals beak opening and tail position, were rated
similar to each other. This indicates a certain degree of
subjectivity when interpreting body signals. Similar
observations have been made for other scoring systems
such as facial expression scores for farm animals with
high levels of interobserver reliability for the ear region
and greater degrees of variance for the orbital and eye
region (Fischer-Tenhagen et al., 2022). Intraclass Corre-
lation Coefficient (ICC) ranged from 0.58 for “flattening
of the profile” and “strained nostrils” to 0.97 for “stiffly
backward ears” in horses (Dalla Costa et al., 2014), while
the interobserver reliability for the ferret grimace scale
ranged from ICC 0.85 for “nose bulging” to ICC 0.97 for
“orbital tightening” (Reijgwart et al., 2017). The overall
prevalence of individual symptoms as well as the image
quality may have biased the results in our study.
Further studies are needed to test whether chickens with
higher levels of stress are more likely to express certain
body signals that may have been underrepresented in
our current findings.
When assessing the chicken as whole (“stressed” or

“unstressed”), agreement between observer ratings and
expert ratings was moderate (k = 0.54; ranging from
0.42 to 0.69). In a study conducted on donkeys, Orth
et al. (2020) found that observers who have previous
experience handling donkeys are more likely to choose
the same score as an expert than observers who have no
experience with donkeys. Thus, the number of false neg-
ative scores for each parameter tends to be lower when
working with experienced observers, who are able to rec-
ognize more subtle signs. The observers in our study
were veterinary students with little experience in han-
dling chickens, which may explain this finding.
We found that, when assessing the chicken as whole

(“stressed” or “unstressed”), certain body signals appear
to be weighted more heavily than others. In addition,
Chickens’ leg posture, plumage and its eyes are the most
commonly described body parts for health assessment in
the literature. This is in line with findings from facial
expression studies, suggesting that assessment of the
orbital region appears to have a greater impact on over-
all wellbeing assessment outcomes than other factors
(see Reijgwart, et al. (2017)).
The effect of different body signals on the overall

assessment of chickens as either stressed or unstressed,
were measured using the positive predictive value
(PPV) and negative predictive value (NPV). In our
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study, the parameters “eyes closed”, “tail drooping” and
“wings drooping” had the highest positive predictive val-
ues. In addition, the observers showed the greatest
degree of uncertainty when rating whether or not the
chicken had its eyes closed. “Wings drooping” was found
least often in the literature reviewed (Table 2) but seems
to have a great impact on the judgement by an observer,
according to the results of this study.

The body signals tail position and leg posture had the
highest negative predictive values for overall wellbeing
of a chicken in our study. In line with this, the body sig-
nal tail position showed a high correlation with the over-
all impression of a chicken.

Although Spearman’s correlation coefficient is consid-
ered more accurate to assess overall correlation (irre-
spective of direction), PPV/NPV that are based on
sensitivity (SE), specificity (SP) and prevalence of the
respective (positive) signal in the sample, show the diag-
nostic reliability (correctness) of a positive or negative
observer classification. Comparison of PPV and NPV
values between the assessed signals may provide an
opportunity to assign weights to body signals. More
research is needed to assess that option and the resulting
performance improvement of the scoring system.

The number of indicators of discomfort seen in one
image also affected the outcome of the overall stress
assessment. If a chicken showed 4 or more indicators of
discomfort, it was considerably more likely to be rated
as “stressed” overall. If the observer saw 2 or fewer indi-
cators of discomfort, they were considerably more likely
to opt for the answer “unstressed” in the overall assess-
ment. Similar results have been recorded for the Horse
Grimace Scale by Dalla Costa et al. (2014) as well as
composite pain scales for rabbits (Banchi et al., 2020)
and cats (Reid, et al., 2017).

In the screenshots used in our study, certain body sig-
nals were seen less often in a stressed expression than
others. Further research is warranted to determine if this
is because they are only expressed at high levels of distress
or if they are generally uncommon in chickens. Addition-
ally, not all chickens showed all body signals at the same
time or in a stressed expression at all. As shown in the
study by Orth et al. (2020), the gender of the observers
and their experience with the animal species in question
can influence their perception of pain states in that ani-
mal. We hypothesize that date or mood effects among
observers may have also influenced the results in our study
and possibly led to a cognitive bias, as different groups of
observers rated the screenshots at different times. How-
ever, we did not pursue this matter any further.

We can assume that the chickens used in our study
experienced mild to moderate stress levels at most (see
Balcombe et al. (2004)). It is important to note that
some animals who are not in pain still exhibit symptoms
of a Grimace Scale and may be falsely classified as being
in pain (Dalla Costa et al., 2014). With the expression of
pain and discomfort in chickens not fully understood
and the fact that no highly stressed animals were
included in this study, the results must be viewed with
some caution.
Other existing assessment tools for birds, such as etho-
grams (Desmarchelier et al., 2012; Casey-Trott and
Widowski, 2016; Turpen, et al., 2019) and pain scales
(Desmarchelier et al., 2012; Mikoni et al., 2023a; Mikoni
et al., 2023b) often relate to animal behavior, which was
not the main focus of this study. Automated systems
(Okinda et al., 2019; Zhuang and Zhang, 2019) and ani-
mal welfare guides for chickens (Welfare-Quality-consor-
tium, 2009; Keppler et al., 2017; Welfare-Quality�-
consortium, 2019) focus on the health of the flock,
whereas the SCS focuses on one chicken at a time. Even
if there are studies describing facial expressions in birds
(Bertin et al., 2018a; Bertin, et al., 2018b; Bertin et al.,
2020), they focus on positive emotions rather than dis-
comfort. Infographics (ITIS, 2014; Mailyan, 2019; Poul-
tryDVM, 2021) mostly show an image of a bird with
multiple body signals present simultaneously. In our
dataset, body signals were present in different combina-
tions. We conclude that all body signals can appear
together, alone, and in different combinations.
Our results suggest that the SCS may serve as a useful

tool in training students and laboratory animal techni-
cians to identify stressed or sick chickens more easily.
Despite the fact that our training was only 20 min long,
interobserver agreement between the observers and the
expert standard was substantial. This is in contrast to
the results of Dai et al. (2020), who showed that 30 min
of training may not be sufficient to increase interob-
server reliability for the Horse Grimace Scale in observ-
ers without experience with horses. Some of the
observers in our study also had little or no experience
with chickens. This may indicate that the SCS is an
easy-to-learn tool with good usability. It provides the
ability to look at a chicken on an individual level, which
could help caregivers to focus on explicit body signals.
This may be helpful in identifying unwell birds earlier
than other systems, which sometimes only detect dead
animals on a flock basis (Zhuang and Zhang, 2019).
CONCLUSIONS

Standardized Scales can help to recognize and assess
signals of distress and pain in animals. They are particu-
larly useful in a laboratory context and for prey species.
Observers in this study were able to recognize body sig-
nals suitable for classifying chickens as stressed after a
short training session with moderate interobserver reli-
ability and substantial agreement compared to the
expert standard. Thus, scales such as the SCS may be an
excellent tool for educational and training purposes.
Further research and field trials are needed to test the

applicability and accuracy of the Stressed Chicken Scale
under real-life conditions and with a larger number of
chickens. In its current state, the SCS is an image cata-
log of sample pictures of stressed and unstressed chick-
ens, which allows only one individual to be scored at a
time. This is time consuming and carries the risk of
human error. Nevertheless, this scale could help to make
a statement about a chickens’ discomfort and therefore
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potentially find use not only in laboratory animal hus-
bandry, but also as part of precision livestock farming in
the commercial poultry industry.
DISCLOSURES

The authors declare no conflicts of interest.
SUPPLEMENTARY MATERIALS

Supplementary material associated with this article
can be found in the online version at doi:10.1016/j.
psj.2024.103875.
REFERENCES

Balcombe, J. P., N. D. Barnard, and C. Sandusky. 2004. Laboratory
routines cause animal stress. Contemp. Topics Lab. Anim. Sci.
43:42–51.

Banchi, P., G. Quaranta, A. Ricci, and M. Mauthe von Degerfeld. 2020.
Reliability and construct validity of a composite pain scale for rab-
bit (CANCRS) in a clinical environment. PLoS One 15:e0221377.

Bernatzky, G. 1997. Schmerz bei Tieren. Pages 40−54 in Das Buch
vom Tierschutz. H. H. Sambraus and A. Steiger, eds. Enke Verlag,
Stuttgart, Germany.

Bertin, A., A. Beraud, L. Lansade, M.-C. Blache, A. Diot, B. Mulot,
and C. Arnould. 2018a. Facial display and blushing: means of
visual communication in blue-and-yellow macaws (Ara Ara-
rauna)? PloS one 13:e0201762.

Bertin, A., A. Beraud, L. Lansade, B. Mulot, and C. Arnould. 2020.
Bill covering and nape feather ruffling as indicators of calm states
in the Sulphur-crested cockatoo (Cacatua galerita). Behav. Proc.
178:104188.

Bertin, A., F. Cornilleau, J. Lemarchand, A. Boissy, C. Leterrier,
R. Nowak, L. Calandreau, M.-C. Blache, X. Boivin, and
C. Arnould. 2018b. Are there facial indicators of positive emotions
in birds? A first exploration in Japanese quail. Behav. Proc.
157:470–473.

Bessei, W. 1972. Moglichkeiten zur objektiven Erfassung des Verhal-
tens von Huhnern in modernen Haltungssystemen. Der
Tierz€uchter 14:411–412.

Bestman, M., M. Ruis, J. Heijmans, and K.v. Middelkoop. 2013.
Layer Signals. Roodbont Publishers B.V., Zutphen, Netherlands.

Bestman, M., M. Ruis, J. Heijmans, and K. van Middelkoop. 2018.
H€uhnersignale. Roodbont Publishers B.V, Zutphen, Netherlands.

B€uhl, A., and P. Zofel. 2005. Korrelationen. Pages 322 in SPSS 12
Einf€uhrung in die moderne Datenanalyse unter WindowsPearson
Studium, M€unchen, Gemany.

Butcher, G. D., J. P. Jacob, and F. B. Mather 2018. Common poultry
diseases. https://edis.ifas.ufl.edu. Accessed May 10, 2021.

Casey-Trott, T. M., and T. M. Widowski. 2016. Behavioral differen-
ces of laying hens with fractured keel bones within furnished cages.
Front. Vet. Sci. 3:42.

Christen, C. 2011. Klinische Untersuchung. Pages 6 in Leitsymptome
bei Papageien und Sittichen. M. Pees, ed. Enke Verlag, Stuttgart,
Germany.

Dai, F., M. Leach, A. M. MacRae, M. Minero, and E. D. Costa. 2020.
Does thirty-minute standardised training improve the inter-
observer reliability of the horse grimace scale (HGS)? A case study.
Animals 10:781.

Dalla Costa, E., M. Minero, D. Lebelt, D. Stucke, E. Canali, and
M. C. Leach. 2014. Development of the Horse Grimace Scale
(HGS) as a pain assessment tool in horses undergoing routine cas-
tration. PLoS one 9:e92281.

Damerow, G. 2015. Diagnostic guides. Pages 326−327 in The Chicken
Health Handbook. G. Damerow, ed. Storey Publishing, North
Adams, MA.

Desmarchelier, M., E. Troncy, G. Beauchamp, J. R. Paul-Murphy,
G. Fitzgerald, and S. Lair. 2012. Evaluation of a fracture pain
model in domestic pigeons (Columba livia). Am. J. Vet. Res.
73:353–360.

Di Giminiani, P., V. L. M. H. Brierley, A. Scollo, F. Gottardo,
E. M. Malcolm, S. A. Edwards, and M. C. Leach. 2016. The assess-
ment of facial expressions in piglets undergoing tail docking and
castration: toward the development of the piglet grimace scale.
Front. Vet. Sci. 3:100.

Doneley, B. 2015. Vogelmedizin und Chirurgie in der tier€arztlichen
Praxis. Chimaira Buchhandelsgesellschaft mbH, Frankfurt am
Main, Germany.

Doneley, R. 2016. The clinical examination. Pages 49−72 in Avian
Medicine. J. Samour, ed. Elsevier, St. Louis, MO.

European-Commission 2023a. Alures - animal use reporting EU - sys-
tem. EU statistics database on the use of animals for scientific pur-
poses under directive 2010/63/EU. Section 2 − Details of all uses
of animals for research, testing, routine production and education
and training purposes in the EU. https://webgate.ec.europa.eu/
envdataportal/content/alures/section2_number-of-uses.html.
Accessed Oct. 11, 2023.

European-Commission 2023b. Commission Staff Working Document.
Summary Report on the statistics on the use of animals for scien-
tific purposes in the Member States of the European Union and
Norway in 2020. https://environment.ec.europa.eu/topics/chemi
cals/animals-science_en#tools. Accessed Oct. 11, 2023.

Evangelista, M. C., B. P. Monteiro, and P. V. Steagall. 2022. Mea-
surement properties of grimace scales for pain assessment in non-
human mammals: a systematic review. Pain 163:e697–e714.

Fischer-Tenhagen, C., J. Meier, and A. Pohl. 2022. Do not look at me
like that”: is the facial expression score reliable and accurate to
evaluate pain in large domestic animals? A systematic review.
Front. Vet. Sci. 9:1002681.

Gartner, A. M., A. Hampe, and B. Oberl€ander. 2018. Tier€arztliche
Betreuung von H€uhner-Kleinstbest€anden in der Hobbyhaltung.
CVE VetImpulse Kleintiere 5:1–44.

Gentle, M. J. 2011. Pain issues in poultry. Appl. Anim. Behav. Sci.
135:252–258.

Gleerup, K. B., P. H. Andersen, L. Munksgaard, and
B. Forkman. 2015. Pain evaluation in dairy cattle. Appl. Anim.
Behav. Sci. 171:25–32.

Hadjistavropoulos, T., C.v. Baeyer, and K. D. Craig. 2001. Pain
assessment in persons with limited ability to communicate. Pages
134−149 in Handbook of Pain Assessment. D. C. Turk and R. Mel-
zack, eds. The Guilford Press, New York, NY.

Holden, E., G. Calvo, M. Collins, A. Bell, J. Reid, E. M. Scott, and
A. M. Nolan. 2014. Evaluation of facial expression in acute pain in
cats. J. Small Anim. Pract. 55:615–621.

ITIS 2014. Initiative tier€arztliche Schmerztherapie. Hat mein Vogel
Schmerzen? https://www.vetline.de/system/files/frei/ITIS-Merk
blatt6-Vogel.pdf. Accessed Nov. 6, 2021.

Keating, S. C. J., A. A. Thomas, P. A. Flecknell, and M. C. Leach.
2012. Evaluation of EMLA cream for preventing pain during tat-
tooing of rabbits: changes in physiological, behavioural and facial
expression responses.

Keppler, C., S. Fetscher, N. Hilmes, and U. Knierim. 2017. Basiswis-
sen MTool: Eine Managementhilfe f€ur Legehennenaufzucht und
-haltung. Pages 68 in Modell- und Demonstrationsvorhaben
(MuD) Tierschutz. P. d. U. Universit€at Kassel, Germany.

Kolb, E. 1980. Das Verhalten des Huhnes. Pages 926−930 in Lehr-
buch der Physiologie der Haustiere. E. Kolb, ed. Gustav Fischer
Verlag, Jena, Germany.

Korbel, R., S. Reese, and H. E. K€onig. 2001. Klinischer Untersu-
chungsgang. Pages 236−237 in Anatomie und Prop€adeutik des
Gefl€ugels. H. E. K€onig and H.-G. Liebich, eds. Schattauer Verlags-
gesellschaft mbH, Stuttgart, Germany.

Kostka, V., and M. B€urkle. 2010. Basisversorgung von Vogelpa-
tienten. Schl€utersche Verlagsgesellschaft, Hannover, Germany.

Kummerfeld, N. 2015. H€uhnerv€ogel. Pages 694−696 in Krankheiten
der Heimtiere. M. Fehr, L. Sassenburg and P. Zwart, eds. Schl€uter-
sche Verlagsgesellschaft mbH & Co. KG, Hannover, Germany.

Landis, J. R., and G. G. Koch. 1977. The measurement of observer
agreement for categorical data. Biometrics 33:159–174.

Langford, D. J., A. L. Bailey, M. L. Chanda, S. E. Clarke,
T. E. Drummond, S. Echols, S. Glick, J. Ingrao, T. Klassen-Ross,
and M. L. LaCroix-Fralish. 2010. Coding of facial expressions of
pain in the laboratory mouse. Nature Methods 7:447–449.

https://doi.org/10.1016/j.psj.2024.103875
https://doi.org/10.1016/j.psj.2024.103875
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0001
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0001
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0001
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0002
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0002
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0002
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0003
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0003
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0003
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0004
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0004
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0004
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0004
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0005
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0005
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0005
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0005
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0006
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0006
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0006
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0006
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0006
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0007
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0007
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0007
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0007
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0008
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0008
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0009
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0009
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0009
https://edis.ifas.ufl.edu
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0012
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0012
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0012
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0013
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0013
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0013
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0014
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0014
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0014
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0014
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0015
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0015
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0015
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0015
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0016
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0016
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0016
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0017
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0017
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0017
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0017
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0018
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0018
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0018
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0018
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0018
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0019
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0019
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0019
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0019
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0020
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0020
https://webgate.ec.europa.eu/envdataportal/content/alures/section2_number-of-uses.html
https://webgate.ec.europa.eu/envdataportal/content/alures/section2_number-of-uses.html
https://environment.ec.europa.eu/topics/chemicals/animals-science_en#tools
https://environment.ec.europa.eu/topics/chemicals/animals-science_en#tools
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0023
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0023
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0023
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0024
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0024
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0024
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0024
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0025
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0025
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0025
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0025
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0025
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0025
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0025
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0026
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0026
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0027
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0027
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0027
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0028
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0028
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0028
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0028
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0029
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0029
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0029
https://www.vetline.de/system/files/frei/ITIS-Merkblatt6-Vogel.pdf
https://www.vetline.de/system/files/frei/ITIS-Merkblatt6-Vogel.pdf
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0032
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0032
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0032
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0032
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0032
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0032
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0033
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0033
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0033
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0034
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0034
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0034
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0034
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0034
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0034
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0034
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0034
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0035
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0035
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0035
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0035
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0036
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0036
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0036
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0036
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0036
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0036
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0037
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0037
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0038
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0038
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0038
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0038


14 SCHLEGEL ET AL.
MacRae, A. M., I. J. Makowska, and D. Fraser. 2018. Initial evalua-
tion of facial expressions and behaviours of harbour seal pups
(Phoca vitulina) in response to tagging and microchipping. Appl.
Anim. Behav. Sci. 205:167–174.

Mailyan, A. 2019. Turkey Signals. Roodbont Publishers B.V., Zut-
phen, Netherlands.

Marino, L. 2017. Thinking chickens: a review of cognition, emotion,
and behavior in the domestic chicken. Anim. Cognition 20:127–
147.

McLennan, K., and M. Mahmoud. 2019. Development of an auto-
mated pain facial expression detection system for sheep (Ovis
Aries). Animals 9:196.

Mikoni, N. A., D. S.-M. Guzman, H. Beaufrere, and
J. R. Paul-Murphy. 2023a. Carrageenan-induced inflammation
elicits behavioral changes in cockatiels (Nymphicus hollandicus)
for potential pain scale development. Am. J. Vet. Res. 84:1–11.

Mikoni, N. A., D. S.-M. Guzman, E. Fausak, and
J. Paul-Murphy. 2022. Recognition and assessment of pain-related
behaviors in avian species: an integrative review. J. Avian Med.
Surg. 36:153–172.

Mikoni, N. A., D. S.-M. Guzman, and J. Paul-Murphy. 2023b. Pain
recognition and assessment in birds. Vet. Clin. 26:65–81.

M€uller, B. R., V. S. Soriano, J. C. B. Bellio, and
C. F. M. Molento. 2019. Facial expression of pain in Nellore and
crossbred beef cattle. J. Vet. Behav. 34:60–65.

Okinda, C., M. Lu, L. Liu, I. Nyalala, C. Muneri, J. Wang, H. Zhang,
and M. Shen. 2019. A machine vision system for early detection
and prediction of sick birds: a broiler chicken model. Biosyst. Eng.
188:229–242.

Orth, E. K., F. J. Navas Gonz�alez, C. Iglesias Pastrana, J. M. Berger,
S. S. l. Jeune, E. W. Davis, and A. K. McLean. 2020. Development
of a donkey grimace scale to recognize pain in donkeys (Equus asi-
nus) post castration. Animals 10:1411.

Paul-Murphy, J. 2006. Pain Management. Pages 233−235 in Clinical
Avian Medicine. Volume I. G. J. Harrison, T. L. Lightfoot and
L. R. Harrison, eds. Spix Publishing, Inc., Palm Beach, Florida.

Paul-Murphy, J. R., K. K. Sladky, L. A. Krugner-Higby,
B. R. Stading, J. M. Klauer, N. S. Keuler, C. S. Brown, and
T. D. Heath. 2009. Analgesic effects of carprofen and liposome-
encapsulated butorphanol tartrate in Hispaniolan parrots (Ama-
zona ventralis) with experimentally induced arthritis. Am. J. Vet.
Res. 70:1201–1210.

Pees, M. 2018. Allgemeiner klinischer Untersuchungsgang. Pages 52
−66 in Klinische Prop€adeutik der Haus- und Heimtiere. W. Baum-
gartner and T. Wittek, eds. Enke Verlag, Stuttgart, Germany.

Pollock, C. 2011a. Recognizing signs of illness in birds. https://
lafeber.com/vet/recognizing-signs-of-illness-in-birds/. Accessed
June 18, 2021.

Pollock, C. 2011b. Supportive care for birds: the basics. https://
lafeber.com/vet/supportive-care-for-birds-the-basics/. Accessed
June 18, 2011.
PoultryDVM 2021. How to identify a sick chicken.http://www.poul
trydvm.com/featured-infographic/how-to-identify-a-sick-chicken.
Accessed Dec. 8, 2021.

Powers, L. 2015. Updates on avian analgesia. https://www.dvm360stor
age.com/cvc/proceedings/dc/Avian%20Medicine/Powers/Powers,%
20Lauren_Updates_avian_analgesia_STYLED.pdf. Accessed June
13, 2021.

Prunier, A., L. Mounier, P. Le Neindre, C. Leterrier, P. Morm�ede,
V. Paulmier, P. Prunet, C. Terlouw, and R. Guatteo. 2013. Identi-
fying and monitoring pain in farm animals: a review. Animal
7:998–1010.

Rautenschlein, S., and M. Ryll. 2014. Erkrankungen des Nutz-
gefl€ugels. Eugen Ulmer KG, Stuttgart, Germany.

Reid, J., E. M. Scott, G. Calvo, and A. M. Nolan. 2017. Definitive
Glasgow acute pain scale for cats: validation and intervention
level. Vet. Record 108:449.

Reijgwart, M. L., N. J. Schoemaker, R. Pascuzzo, M. C. Leach,
M. Stodel, L. de Nies, C. F. M. Hendriksen, M. Van Der Meer,
C. M. Vinke, and Y. R. A. van Zeeland. 2017. The composition
and initial evaluation of a grimace scale in ferrets after surgical
implantation of a telemetry probe. PloS one 12:e0187986.

Schmidt, H., and R. Proll. 2011. Rassegefl€ugel kompakt. Eugen Ulmer
KG, StuttgartHohenheimGermany.

Scope, A. 2011. Klinischer Untersuchungsgang. Pages 46-47 in Kom-
pendium der Ziervogelkrankheiten. E. F. Kaleta and M.-E. Kraut-
wald-Junghanns, eds. Schl€utersche Verlagsgesellschaft, Hannover,
Germany.

Siegmann, O., and U. Neumann. 2011. Kompendium der
Gefl€ugelkrankheiten. Schl€utersche Verlagsgesellschaft, Hannover,
Germany.

Sotocinal, S. G., R. E. Sorge, A. Zaloum, A. H. Tuttle, L. J. Martin,
J. S. Wieskopf, J. Mapplebeck, P. Wei, S. Zhan, and
S. Zhang. 2011. The Rat Grimace Scale: a partially automated
method for quantifying pain in the laboratory rat via facial expres-
sions. Molecular pain 7:1–10.

Swayne, D. E., D. L. Suarez, and L. D. Sims. 2020. Influenza. Pages
229 in Diseases of Poultry. Volume I. D. E Swayne, ed. Wiley-
Blackwell, Hoboken, New Jersey.

Turpen, K. K., K. R. Welle, J. L. Trail, S. D. Patel, and
M. C. Allender. 2019. Establishing stress behaviors in response to
manual restraint in cockatiels (Nymphicus hollandicus). J Avian
Med. Surg. 33:38–45.

Welfare-Quality�-consortium. 2009. Welfare Quality� Assessment
Protocol for Poultry in Welfare Quality� Consortium. Lelystad,
Netherlands. W. Q. Consortium ed., Lelystad, Netherlands.

Welfare-Quality�-consortium 2019. Assessment protocol for laying
hens. Version 2.0. Accessed March 2023. http://www.welfarequali
tynetwork.net/media/1294/wq_laying_hen_protocol_20_def-
december-2019.pdf03.03.2023.

Zhuang, X., and T. Zhang. 2019. Detection of sick broilers by digital
image processing and deep learning. Biosyst. Eng 179:106–116.

http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0039
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0039
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0039
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0039
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0040
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0040
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0041
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0041
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0041
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0042
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0042
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0042
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0043
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0043
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0043
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0043
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0044
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0044
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0044
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0044
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0045
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0045
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0046
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0046
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0046
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0046
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0047
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0047
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0047
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0047
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0048
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0048
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0048
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0048
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0048
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0049
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0049
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0049
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0050
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0050
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0050
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0050
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0050
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0050
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0051
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0051
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0051
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0051
https://lafeber.com/vet/recognizing-signs-of-illness-in-birds/
https://lafeber.com/vet/recognizing-signs-of-illness-in-birds/
https://lafeber.com/vet/supportive-care-for-birds-the-basics/
https://lafeber.com/vet/supportive-care-for-birds-the-basics/
http://www.poultrydvm.com/featured-infographic/how-to-identify-a-sick-chicken
http://www.poultrydvm.com/featured-infographic/how-to-identify-a-sick-chicken
https://www.dvm360storage.com/cvc/proceedings/dc/Avian%20Medicine/Powers/Powers,%20Lauren_Updates_avian_analgesia_STYLED.pdf
https://www.dvm360storage.com/cvc/proceedings/dc/Avian%20Medicine/Powers/Powers,%20Lauren_Updates_avian_analgesia_STYLED.pdf
https://www.dvm360storage.com/cvc/proceedings/dc/Avian%20Medicine/Powers/Powers,%20Lauren_Updates_avian_analgesia_STYLED.pdf
https://www.dvm360storage.com/cvc/proceedings/dc/Avian%20Medicine/Powers/Powers,%20Lauren_Updates_avian_analgesia_STYLED.pdf
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0056
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0056
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0056
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0056
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0056
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0057
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0057
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0057
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0058
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0058
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0058
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0059
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0059
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0059
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0059
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0059
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0060
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0060
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0060
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0061
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0061
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0061
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0061
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0061
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0062
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0062
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0062
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0062
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0062
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0063
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0063
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0063
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0063
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0063
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0064
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0064
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0064
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0065
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0065
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0065
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0065
http://www.welfarequalitynetwork.net/media/1294/wq_laying_hen_protocol_20_def-december-2019.pdf03.03.2023
http://www.welfarequalitynetwork.net/media/1294/wq_laying_hen_protocol_20_def-december-2019.pdf03.03.2023
http://www.welfarequalitynetwork.net/media/1294/wq_laying_hen_protocol_20_def-december-2019.pdf03.03.2023
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0068
http://refhub.elsevier.com/S0032-5791(24)00454-1/sbref0068

	How to see stress in chickens: On the way to a Stressed Chicken Scale
	INTRODUCTION
	MATERIAL AND METHODS
	Defining Parameters for a Stressed Chicken Scale
	Animals
	Data Collection
	Video Preprocessing and Creation of a Stressed Chicken Scale
	Screenshot Generation for Reliability Testing
	Reliability Testing
	Statistical Analysis
	RESULTS
	Selective Review
	Stressed Chicken Scale


	DISCUSSION
	CONCLUSIONS
	DISCLOSURES
	Supplementary materials
	REFERENCES



