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The well-being of animals kept by humans in laboratories, farms, or as pets should always

be of the highest importance, and a prerequisite for this is adequate housing. To assess

the potential indicators for animal well-being, ideally simple, non-invasive, and reliable

methods are necessary. Here, we propose a novel plumage scoring system for small

songbirds, using the example of the Zebra Finch, and examine its reliability in comparison

with a well-known body condition index, that is, the fat score. We used up to five different

observers of different experience levels to assess inter- and intra-observer reliability of

the proposed plumage score and also the fat score. We found substantial inter-observer

reliability for the proposed novel plumage score, and lower inter-observer reliability for the

fat score, which seems to require more training of observers. The intra-observer reliability

of the experienced observer who trained the others also showed a very strong reliability

for the plumage score and for the fat score. Thus, we conclude that our proposed

novel plumage score is a simple, reliable, and non-invasive way to estimate an important

indicator of captive Zebra Finches’ well-being. Furthermore, the plumage score can be

reliably taught to other observers. The plumage score, maybe in combination with the fat

score, may be an important tool to reliably assess well-being on a regular basis in captive

populations in zoos, laboratories, or pet stocks.
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INTRODUCTION

Assessing the well-being of captive birds should be mandatory for any animal owner. There are
several approaches to assess the indicators of health condition and thus indicators of well-being
in birds. Specifically in poultry, several approaches are commonly used to assess the well-being
indicators on farms. For poultry, especially fattening poultry such as broiler chickens or turkeys,
locomotor behavior is often used for assessing well-being (1–4). Locomotion ismore often impaired
than feather status due to the rapid growth of these birds. Therefore, locomotor assessment is
more suited in fattening poultry. For laying hens, such as domestic chicken or quails, well-being
assessment indicators are mainly based on the phenotypic plumage parameters (5, 6), as they
provide robust proxies for animal condition.
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However, assessing well-being indicators in birds is not only
important in farmed animals, but is also a key issue for avian
species housed in research institutes, zoological gardens, or as
pets. In these scenarios, passerines are often kept, for example,
the Zebra Finch [Taeniopygia guttata, Buchanan and Griffith (7)].
For these birds, which are not bred for increased fattening or
egg production, phenotypic traits for ad hoc well-being indicator
assessment will be most suited, that is, plumage scores or direct
body conditions indices. Scoring the plumage of a bird, based
on the density or relative amount of surface being feathered,
reveals the differences among individuals and populations which
can be linked to age, housing, or feeding conditions and
thus may be important and informative well-being indicators.
Birds in good conditions and/or health usually have a proper
plumage as they can perform respective maintenance behavior
in their housing environment and can carry the energetic
costs. On the other hand, damaged and incomplete plumage
may indicate poorer condition and/or health as a result of
poorer environments, or previous agonistic interactions with
conspecifics (8). A standardized scoring method is the necessary
basis to systematically answer questions about well-being and
any underlying reasons related to the differences in plumage
appearance, such as the prevalence of feather pecking (9,
10). The assessment of the overall status of the plumage has
often been neglected in avian research model species such as
Great Tits (Parus major) or Zebra Finches (7). Commonly,
only the colouration of certain ornaments of the plumage or
the development of these has been considered (11–13), since
plumage ornaments are also used by the birds themselves to
assess the conditions of a conspecific. Well-being indicators
of Zebra Finches have also been assessed using different
hormonal changes over time (14), which is a good proxy,
but a much more invasive, time-consuming, and expensive
approach as blood sampling is required. In total, well-being,
health condition, and other indicators related to well-being
have been systematically recorded far less often in these
bird species.

Besides the plumage condition, the amount of visible
subcutaneous fat is a common method to evaluate the energy
reserves of birds and thus assess their condition and thus having
an indicator for their health which is also important for well-
being. This method is also more commonly used in smaller birds
such as passerines and may be a well-suited addition to a feather
score for passerines. Both methods combined may allow to
obtain important well-being indicators with minimal handling.
Fat scores as the indicators of condition and health are also
widely used in both migratory and non-migratory birds (15–17).
A correlation between fat score and actual body fat percentage
has been shown repeatedly (18, 19), which may be important to
assess body condition and if this is done properly, it is relevant
for the well-being of birds. Housing of captive animals can affect
fat reserves and body weight; hence, this method is of interest
in assessing husbandry effects. Wild-caught animals may, for
example, suffer from stress in captivity and lose weight (20)
and environmental stress in poultry may reduce the food intake
and thus impair weight gain and reduce fat reserves (21). In
pet animals, on the other hand, obesity as a consequence of

incorrect housing or inappropriate feeding by owners is also
common (22).

In this study, we aimed to establish a detailed plumage scoring
system for one of the most important avian model species, the
passerine Zebra Finch, to allow a more objective and informative
evaluation of ad hoc animal conditions, health and well-being
within and between housing conditions and laboratories. In
addition, we further include a fat scoring system (23), as the fat
scores are fast and easy to estimate during plumage assessment,
and provide additional important information about well-being
and health. As the proposed scoring schemes depend on the
observers, we also evaluated them with respect to intra- and
inter-observer reliability.

METHODS

A Categorical Plumage Score for Small
Passerines Using the Zebra Finch as an
Example
To develop a categorical plumage scoring system for Zebra
Finches, we divided the plumage surface into several focal parts
to get a detailed picture and to identify potential problem areas
of individuals. Therefore, we used the following six plumage
areas: i) head, ii) neck, iii) back, iv) wings, v) tail, and vi) throat
(Figure 1), in line with similar areas used in poultry. The area
“head” is defined as the feathered part of the bird’s skull which
is adjacent to the “neck”. Neck is defined as the feathered part
around the flexible part of the connection between body and
head. Between the underneath of the beak and the ventral section
of the “neck” is the region “throat”. From the dorsal “neck”,
between the bird’s “wings”, down to the preen gland is the area
defined as “back”. This is followed by the “tail”. The wings of
the bird and, in particular, the flight feathers are the part of the
area “wing.” The so-far mentioned regions represent the obvious
visible regions of the plumage which can, in theory, also be
recorded without handling birds. However, it is recommended
and implemented here to gently take birds into the hand to
estimate the plumage scores. Other plumage regions turned out
to be ill-suited, at least in the Zebra Finch, for different reasons,
as they are either hard to assess in practice and some regions
vary with sex and reproductive status and may therefore reveal
no reliable well-being-related information. Finally, the sides and
legs were not included.

At each of these six specified areas, plumage condition was
categorized into one of four scores. The scoring categories were
established in line with the procedures in laying hens (6). Thus,
for each plumage area, one of four categorical values for that
respective plumage status was assigned. Plumage categories were
scored between I (worst) and IV (best). Category value IV is
defined as a plumage in best condition, which means that the
plumage is complete and dense, there are almost no significant
gaps or damaged feathers (>95% undamaged, Figure 2), and
flight feathers and tail feathers are complete and tidy. Category III
means that the plumage is predominately complete with few gaps
or damaged feathers. It can be fully feathered, but the feathers are
tousled instead of smooth (>75% damaged). The flight feathers
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FIGURE 1 | Schematic overview of the six plumage parts of the Zebra Finches that were considered in the plumage scoring system.

can show slight defects (category III, Figure 2). There are some
of the smaller tail or wing feathers missing or the tails looks
tousled. In category II, the number and dimension of gaps and
damaged feathers increases (<75–>25% in undamaged status).
For the body part “wing,” there are at least two flight feathers
missing (category II, Figure 2), and for the body part “tail”, some
of the long tail feathers are missing. Furthermore, a visible preen
gland indicates a category II “tail”. The worst category is I. Here,
the plumage contains big gaps, partly no feathers at all, highly
damaged feathers, or even injured skin (<25% in undamaged
status). At last, one wing shows a loss of one-third of its flight
feathers (category I; Figure 2). A tail of the category I misses
nearly all long tail feathers. By summing up the individual scores
(head, neck, back, tail, wing, and throat), we get an overview of
the bird’s plumage condition. For each of the six body regions,
exemplary pictures for each category are provided (Figure 2).

For the overall assessment of the plumage, we suggest a
single value that allows a direct intuitive judgment of the feather
condition, that is, the plumage damage score. To calculate the
damage score of a bird, one subtracts the sum of the six bird’s
plumage scores from the maximum possible score (e.g., 24–
21 = 3, the bird has a summed plumage score of 21 which
means a damage score of 3). If required, each one of the six
considered plumaged body regions can be analyzed separately.
The lower the damage score, the better the bird’s plumage. The

above-mentioned scoring of the six different body regions can
maximally result in a maximum of 24 score points (6× category
IV), or a minimum of 6 (6× category I). Assuming feather scores
of ≤ 2 at any single area indicates severe damage of the feathers,
which means that the summed feather score of all six body
regions cannot exceed 12 (6× category II or lower); therefore, a
damage score of 12 or higher is associated {[24–12 (or less) = 12
(or more)]} with severe feather damages. Similarly, an individual
score > 3 and a total score of > 18–24 result in a damage score
of 6 or lower [(24–18 (or more)= 6 (or less)] and would indicate
very intact plumage.

A Categorical Fat Score for Small
Passerines Using the Zebra Finch as an
Example
In Zebra Finches, the subcutaneous fat stores are clearly visible
and therefore quantifiable using appropriate scales. As Zebra
Finches show a low amount of subcutaneous fat in general,
we decided to adapt the score system used by Kaiser (23). We
categorized the amount of visible fat on the ventral side of the
birds (Figure 3), where especially the furcular and abdominal
fat stores were of interest. In addition, we determined whether
fat covers the wider abdominal and breast area. Birds with no
visible fat in these focal areas received the score zero. Slight
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FIGURE 2 | Systematic examples of the respective plumage scores for each scoring category at each of the six plumage regions of Zebra Finches.

yellowish shades in the focal areas indicated a score of 1, clear
yellow colouration indicated a score of 2 and slightly bulging
fat deposited in one of the areas, or clear yellowish fat on both
areas indicated a score of 3. Clear yellow colouration and a clear
bulging of at least one area was scored as a 4. If the fat covered
more areas of the abdomen and breast, this was scored as 5. The
original score (23) included higher fat scores than 5. However,
as the vast majority of Zebra Finches in our focal domesticated
bird populations at Bielefeld University [referred to as “Bielefeld”
in Forstmeier et al. (24); and “DOM Bielefeld” in Hoffman et al.
(25)] are between 0 and a maximum of 4, we decided here against
a further division above 5, which may, however, be implemented
in other domesticated populations. Instead, as an addition to the
originally suggested scoring scheme, we allowed a subdivision
between two fat scores, that is, in 0.5 steps. This turned out to
be very helpful, for example, if a bird shows more fat than for
category 1, but not enough for category 2, thus we could assign a
score of 1.5. This subdivision of the fat scores makes sense as one

score reflects the entire body fat condition of the birds, while, for
example, in the feather score, we assume that such a subdivision
is not necessary, although easily possible, as there are already six
different plumage scores, this is more subtle and reflects the bird’s
entire plumage condition.

Standardized and careful handling of the birds is important to
generate reliable scores. The bird has to be held in one hand on
its back. The neck is gently fixated between two fingers and the
head is fixated carefully. The legs are held with the other hand. By
gently puffing into the plumage, one can get a view of the bird’s
skin and the yellowish subcutaneous fat beneath.

Reliability Assessment of the Examined
Scorings
To assess the reliability of our proposed scoring system, we
conducted reliability measures at two levels, that is, the inter-
observer reliability and the intra-observer reliability.
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FIGURE 3 | Outlined examples of the fat score.

TABLE 1 | Spearman’s rank correlation coefficients (r) for the inter-observer reliability.

a) Obs 2 Obs 3 Obs 4 Obs 5 b) Obs 2 Obs 3 Obs 4 Obs 5

Obs 1 r = 0.66,

p < 0.001

r = 0.62,

p < 0.001

r = 0.64,

p < 0.001

r = 0.71,

p < 0.001

Obs 1 r = 0.69, p <

0.001

r = 0.41,

p = 0.04

r = 0.39,

p = 0.047

r = 0.46,

p = 0.015

Obs 2 r = 0.70,

p < 0.001

r = 0.67,

p < 0.001

r = 0.65,

p < 0.001

Obs 2 r = 0.39,

p = 0.046

r = 0.41,

p = 0.03

r = 0.55,

p = 0.003

Obs 3 r = 0.57,

p < 0.001

r = 0.60,

p < 0.001

Obs 3 r = 0.67,

p < 0.001

r = 0.49,

p = 0.01

Obs 4 r = 0.60,

p < 0.001

Obs 4 r = 0.67,

p < 0.001

average of all

r’s = 0.642

average of all

r’s = 0.514

Observers (Obs) 1 and 2 tested 50 birds for the feather score, and 27 birds for all other combinations. a) For the plumage assessment, 6 body regions per animal were included (i.e.,

Obs 1 and 2 tested 50 birds * 6 regions = 300 scores), b) for the fat score.

Inter-Observer Reliability
In total, 50 individual Zebra Finches were scored for the inter-
observer reliability. About half of them were scored by 5
observers, and all of them by the two most experienced ones. To
assess inter-observer reliability, 27 Zebra Finches (13 males, 14
females) were scored by five different observers independently
within 10min per bird. This short period was chosen to keep
handling short for birds and to exclude differences in the
bird’s phenotype over longer periods such as days, weeks, or
months. Observer #1 (L.K.) was most experienced, observer
#2 was familiar with the scoring scheme, and the other tree
observers #3–#5 were initially untrained with regard to the
scoring scheme but received a short introduction of about
15min from observer #1 in advance. However, all observers
were very experienced with the general careful handling of
Zebra Finches. The visual guide of the plumage scoring system
(Figure 2) was available during data collection to all observers
and also the illustrations of the fat scores. Additionally, the
bird’s body weight was taken after scoring to the nearest ±

0.01 g, using a digital balance (Kern EMB 600-2). Another 23

birds (2 females, 21 males), thus in sum N = 50 (16 females,
34 males), were scored by the observers #1 and #2 to assess
the reliability with a larger sample size between the two most
experienced observers.

For the reliability analysis, we did not calculate total plumage
damage score, that is, the sum of all six plumage scores, but
the six single scores of all six body parts were used, as this is
a more conservative approach, which we assumed the best for
the reliability analysis. This ensures that one can see exactly
where the observers have scored different values, and subtle
disagreements are not summed out (for further details refer to
electronic Supplementary Table S1).

Statistical analyses were conducted using R (R version
4.1.0) (26). We analyzed the agreement of each possible observer
pair with Spearman’s rank correlation coefficients. Spearman’s
rank correlation coefficients r between 0 and 0.19 indicate a
very week correlation, between 0.2 and 0.39 a weak correlation,
between 0.4 and 0.69 a moderate correlation, between 0.7
and 0.89 a strong correlation, and between 0.9 and 1 a very
strong correlation.
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Intra-Observer Reliability
To test the intra-observer reliability, observer #1 (L.K.) scored
22 birds (10 males, 12 females) five times within 1 day, that
is, 7 h. Between each scoring was at least a break of 60min
for each bird to calm down and to eat and drink. The time
gap was also important to reduce potential memory from the
previous scores from the observer’s mind, which of course was
not fully possible, but at each recording event, 132 measures
(6 body regions in 22 birds) were taken, so that the chance
of remembering single scores was quite moderate. Birds were
assessed as randomly as possible between sessions. The intra-
observer analysis was conducted similarly to the above-described
inter-observer reliability using Spearman’s rank correlation
coefficients for all pairs of the five measurements. Graphs for the
agreements were made using the R-package “hexbin” (27).

Ethical Note
All birds were taken from the stock of and remained at
the Department of Animal Behavior, Bielefeld University. The
measures were taken to assess and to establish a reliable well-
being assessment measure. All persons handling the birds were,
in general, experienced with the gentle and careful handling of
the birds. Score collection was carried out in accordance with

the German laws and required no specific permit as the brief
handling was estimated to not stress the animals equivalent to,
or higher than, that caused by the introduction of a needle in
the skin in accordance with good veterinary practice (Directive
2010/63/EU). Breeding and housing of the birds were done with
the permission of the local authorities, the Veterinäramt Bielefeld
(no. 530.421630-1, 18.4.2002, and no. 530.4, 27.07.2014). All
birds always had ad libitum food and water available and were
housed in groups of at least 4 birds in cages or small aviaries. All
birds were monitored daily.

RESULTS

Inter-Observer Reliability
Our proposed plumage scores for Zebra Finches showed a
substantial inter-observer reliability for the most experienced
observer #1 in comparison with all four other observers (all
r > 0.62, Table 1a). Considering reliability between all possible
observer pairs, the Spearman’s correlation coefficient was at least
r > 0.56 (Table 1a). The average r-value of all comparisons was
r = 0.642.

For the fat score, we obtained slightly different results.
The Spearman’s rank correlation coefficient showed

FIGURE 4 | Inter-observer reliability–Score accordance of (A,D) observers 1 and 2; (B,E) observers 1 and 5; (C,F) observers 2 and 5. (A–C) Show the plumage

scores points for each body part (a: 300 scores, all other 162 scores); (D–F) show the fat scores (d: 50 scores, all other 27 scores). Darker points represent

overlapping scores, the darker the more overlapping data points.
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TABLE 2 | Results for intra-observer over the repeated assessments (measurements 1–5, “Meas”) reliability using Spearman’s rank correlation coefficients (r).

a) Meas 2 Meas 3 Meas 4 Meas 5 b) Meas 2 Meas 3 Meas 4 Meas 5

Meas 1 r = 0.89,

p < 0.001

r = 0.84,

p < 0.001

r = 0.82,

p < 0.001

r = 0.84,

p < 0.001

Meas 1 r = 0.94, p <

0.001

r = 0.91,

p < 0.001

r = 0.90,

p < 0.001

r = 0.90,

p < 0.001

Meas 2 r = 0.86,

p < 0.001

r = 0.84,

p < 0.001

r = 0.92,

p < 0.001

Meas 2 r = 0.92,

p < 0.001

r = 0.92,

p < 0.001

r = 0.84,

p < 0.001

Meas 3 r = 0.84,

p < 0.001

r = 0.84,

p < 0.001

Meas 3 r = 0.94,

p < 0.001

r = 0.88,

p < 0.001

Meas 4 r = 0.82,

p < 0.001

Meas 4 r = 0.85,

p < 0.001

average of all

r’s = 0.852

average of all

r’s = 0.90

a) For plumage, where it should be noted that 6 body regions per animal were considered (i.e., 22 birds * 6 regions = 132 scores. b) Fat measurements (22 birds).

FIGURE 5 | Intra-observer reliability–Score accordance of (A,D) measurements 1 and 2; (B,E) measurements 1 and 5; (C,F) measurements 2 and 5. (A–C) show the

plumage score points for each body part (132 scores); (D–F) show the fat score (22 scores). Darker points represent overlapping scores, the darker the more

overlapping data points.

lower values, which, however, were at least r > 0.39
when considering all possible observer pair comparisons
(Table 1b). The average r-value of all comparisons was
r = 0.514. Fat score seems to be a less reliable scoring
system than the newly developed plumage feather score
and it seems that it requires more experience to obtain a
reliable measure.

The inter-observer reliability for the novel plumage score
was substantial and it seems to be feasible to quick and easy
teach inexperienced observers. In contrast, the fat score from
Kaiser (23) seems to be a score for more experienced observers.
Figure 4 illustrates the score agreements of selected observer
pairs for plumage (Figures 4A–C) and fat (Figures 4D–F); all
possible pairs are available in the electronic supplement.
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Intra-Observer Reliability
The intra-observer agreement for the plumage scores was
substantially strong (Table 2a). The Spearman’s rank correlation
for the measurement one vs. five showed a strong and significant
agreement (r = 0.84, Table 2a). The average r-values of all
comparisons of the five measurements were high with r = 0.852
(Table 2a).

For the fat score, a strong agreement (r = 0.90; Table 2b) was
found when considering measurements one vs. five. The average
r-value of all comparisons of the measurements was r = 0.90.

Figure 5 illustrates the score agreements of selected
measurement pairs for plumage (Figures 5A–C) and fat
(Figures 5D–F); all possible pairs of comparison are shown in
the electronic supplement.

DISCUSSION

Our novel plumage condition score provides a non-invasive tool
to easily and reliably assess the plumage condition of small
passerines, as shown using the example of the Zebra Finch. It
is robust, reliable, and probably easier to teach to others than
other body scores, such as the fat score (23). Furthermore,
it does cover different condition-dependent parameters of the
bird’s body.

Assessing non-invasive well-being indicators is quite common
in farm animals, including avian species such as domestic
chickens, turkeys, or quails (5, 28, 29). Individual-based
condition parameters allow to obtain an estimate of the health
condition and thus a proxy of the well-being of the animals (6).
In a second step, they may also be used in the studies that
evaluate different housing conditions as a factor that provides
information about how much a given captive condition might
be suitable for the animals, while other parameters such as
behavior may also be considered. For farmed birds, plumage
scores have been commonly used (6, 28), but such score systems
were lacking so far for smaller birds such as passerines which
are often used as laboratories, zoo, or pet birds. Our plumage
condition score can therefore provide a novel tool for small
passerines, such as the Zebra Finch, to systematically and reliably
assess an individual’s plumage status. The plumage score shows
a good inter- and intra-observer reliability. Furthermore, in
theory, plumage can be assessed without taking the bird out
of its housing environment. However, we recommend handling
birds briefly and gently. The plumage condition score might
represent an interesting tool for future studies that want to
assess well-being and/or health conditions in their study designs.
Plumage scores may also make sense for a long-term assessment
of conditions as molting takes time and also loss or damage of
feathers might not appear as fast as other changes in birds. Thus,
in contrast to, for example, the fat score, which may change
quickly with food availability in small passerines (19), a plumage
score is probably more reliable and may better reflect long-
term effects. The fat score was less reliable between different
observers than the plumage score in our study, but this is
not surprising as this score is more complex to assess. Small

variation in positioning the bird may cause differences in the
scoring (18). Here, an intensive training is necessary to generate
reliable measurements. The agreement between the two most
experienced observers in fat scores was substantial good, whereas
the agreement with an untrained observer was moderate. The
intra-observer reliability of a trained observer was quite strong.
Plumage scoring, however, can be much more readily taught to
new observers. A potential confounding factor that influences
fat measures can be the variation in fat storage during the
day (19). Since fat reserves vary throughout the day, differences in
scoring in succession can also be based on the actual differences
and do not have to be an erroneous scoring of the observer.
In addition, it should be noted that scoring of different birds
should be done at the same time of day, thereby taking diurnal
variation into account and thus avoiding an influence of the time
of day.

For easy monitoring of health and well-being of birds, it might
be suitable to regularly take multiple non-invasive measures of
a subset of a population. Besides, the single plumage scores
of the different body regions also the overall plumage damage
score could represent a key parameter, which could or should
be accompanied by others such as body weight and may be
also fat score. Specifically, plumage scores and weight might
be robust against observer effects, as plumage scoring seems
to be quite easy to learn and body weight can be obtained
accurately using a balance, whereas only plumage scores are
robust against daily variations appearing in body mass and
body fat. For routine animal monitoring in stock populations,
an alarm signal may be if birds of one housing group have
systematically lower plumage scores than others. This would
require the animal owner or caretaker to have a more detailed
look with respect to the proposed plumage score of these birds.
The plumage scores provide direct information about the bird’s
feather status, and a poor plumage may have direct effects for the
bird. A plucked plumage can entail disadvantages in temperature
regulation (30) and may reduce flight abilities and lead to
reduced attractiveness.

In conclusion, we propose the plumage scoring system,
with the resulting cumulative plumage damage score, for small
passerines, such as the Zebra Finch, as a reliable new tool to
assess well-being and health in birds non-invasively. Future
studies should examine the direct link of the plumage scores to
well-being, welfare, and health.
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