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Abstract

Reporting of outcome variables by caregivers in welfare studies is commonplace but is open to subjective bias and so requires valida-
tion. Biases can occur in either direction: familiarity with an animal allows a deeper insight into welfare problems, but also can lead to
reticence in admitting that an animal in one’s care is experiencing problems. Here, we aim to validate owner-reporting of plumage
condition of pet parrots, including those with self-inflicted feather-damaging behaviour (FDB), by comparing owners’ scores of feather
condition with those of two independent raters, blind to the owners’ and each other’s assessments. We surveyed pet parrot owners to
collect data on basic demographics and feather condition, and requested four standardised photographs of birds. We received 259
responses (17% of the 1,521 people contacted); 78 sets of images of appropriate quality for assessment by raters were provided.
Mean percentage agreement between owners’ and raters’ scores was mostly fair to substantial using Cohen’s kappa; however, raters
scored a greater proportion of feather damage than did owners. Overall, our results indicate owner-reporting of feather condition,
including FDB, to be generally reliable and consistent with independent assessment of photographs.As the use of photographs can be
limited by image quality, a failure to represent the long-term state of a parrot, and the potential for incorrect recording if assessed
without relevant information (eg on moulting), this evidence that owner-reports can be reliable opens the door for larger-scale surveys

of the extent of welfare-relevant problems.
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Introduction

Caregivers’ reports of animals’ behaviour, longevity,
and/or disease are often used as outcome variables in
studies of welfare and life-history (Miiller et al 2011,
McDonald Kinkaid 2015; Pollard ef a/ 2019; Finnegan
et al 2020; Mellor 2020). Such reporting comes with
benefits over professionally reported outcomes
including deeper personal knowledge of the individual
animal, speed of data collection, and larger sample sizes
(Mellor et al 2018). For instance, Potter et al (2017) and
Pollard et al (2019) both reported that only ~50% of
horse owners had a veterinarian confirm diagnosis of
laminitis, meaning that relying solely on veterinary-
diagnosed incidences may underestimate the extent of
behavioural problems and/or disease. Validation of
caregiver reporting, though, is less common (but see, for
example, Pollard ef a/ 2017 and Malalana et a/ 2019).
Validation is an important consideration, as mild cases
of behavioural problems and diseases might be undiag-

nosed by caregivers (eg Pollard et al 2017; Malalana
et al 2019); caregivers’ understanding of how observed
behaviours relate to an animal’s welfare might be
limited (eg McBride & Long 2001; Burn 2011); and,
importantly, the person responsible for the well-being of
an animal may unconsciously downplay, or consciously
withhold, evidence of poor welfare.

In our previous comparative studies of parrots, we used
owner-reporting of stereotypic behaviours, repetitive
behaviours indicative of past or ongoing welfare
problems (Mason 2006), as outcome variables (Mellor
etal 2021). These were feather-damaging behaviour
(FDB; self-directed feather chewing and/or plucking:
Harrison & Harrison 1986; Orosz 2006; van Zeeland et al
2009), other non-feather related oral stereotypic
behaviours (eg bar biting and cage chewing) and whole
body stereotypic behaviours (eg route tracing, weaving,
and head bobbing) (Mellor et al 2021). Stereotypic
behaviours are more common in birds whose living condi-

Universities Federation for Animal Welfare

https://doi.org/10.7120/09627286.31.2.001 Published online by Cambridge University Press

UpAw

Science in the Service of Animal Welfare


https://doi.org/10.7120/09627286.31.2.001

164 Mellor et al

tions are impoverished or stressful (eg without enrich-
ment, located near stressors, experience of traumatic
events: Meehan et a/ 2003a,b, 2004; Garner et al 2006;
Greenwell & Montrose 2017), and/or in those unable to
perform important natural behaviours (eg being unable to
fly: Schmid et al 2006; Mellor 2014). FDB and other
forms of stereotypic behaviours differ in ecological basis,
helping to explain between-species differences in preva-
lence. Thus, FDB is more prevalent in species whose wild
diets require extensive food-handling, such as white
cockatoos (Cacatua alba) (Mellor et al 2021), whereas
non-feather-related oral behaviours and movements
involving the whole body are more prevalent in intelligent
species (as inferred from species-typical brain volume),
such as red-shouldered macaws (Diopsittaca nobilis)
(Mellor et al 2021). In our previous work, clear defini-
tions of each type of stereotypic behaviour were provided
to owners. However, it remains uncertain how accurately
owners might be able to identify and report such
behaviours in their birds, and validation is thus required.

Validating owner-reporting of oral and whole-body forms
of stereotypic behaviours in pet parrots is challenging,
however, because doing so would require extensive inter-
national travel to capture all species sampled, intrusion
into owners’ homes and/or use of recording devices. An
unfamiliar researcher making live observations may
affect birds’ and owners’ behaviour (see Carpenter 1934;
Martin & Bateson 2007); using recording devices for
behavioural data collection involves financial cost and
presents some ethical concerns regarding privacy; and
regardless of collection method, behavioural observations
are time-consuming. FDB reporting, though, might
naturally lend itself to quick and easy wvalidation.
Performance of FDB can be hard to distinguish from
normal preening, especially for the untrained eye, and can
take place at night or at other times without an observer
present (Meehan et a/ 2003b). However, FDBs’ effects
may be visible, ie chewed and/or missing feathers and/or
skin damage, so the behaviour is normally inferred indi-
rectly using plumage-scoring systems (Meehan et al
2003b; van Zeeland et al 2013). In our case, this repre-
sents opportunity to validate owner-reporting of feather
condition visually using photographs of birds (also see
van Zeeland et al 2013). Photographs are non-invasive,
quick, and simple for owners to take and share. Therefore,
our focus here is on validation of owner-reporting of
feather condition in pet parrots. If owners can accurately
determine the presence of feather damage, then we expect
to see agreement between owners’ reports of damage and
those of independent raters assessing photographs of the
same birds. With our previous comparative work in mind
(Mellor et al 2021), we also predict that, if reliable, both
owners and raters should report more damage on birds
with reported FDB than on those without.

Materials and methods

Ethical approval

Ethical approval for data collection was granted by the
University of Bristol’s Faculty of Health Sciences Research
Ethics Committee (reference number: 32441).

Data collection

To validate owner-reporting of feather condition across
psittacine species, we designed a short survey with 13
questions (< 10 min to complete), which was live from
May—September 2020 (see Appendix S1 in Supplementary
Material for a copy, and Table 1 for details). In addition to
filling out the survey, we also requested that owners provide
four standardised images of their birds that would allow us
to assess feather condition (see example photographs in
Appendix S1). For our study, because it was difficult to
definitively assess from photographs whether feather
damage results from FDB or from other causes, we mainly
assessed validation of owner-reporting of any feather
damage. Requests to participate in our survey were sent out
via email to previous participants of a larger ongoing survey
that collected information on pet parrots’ rearing, living
conditions and behaviour (www.parrotsurvey.com) (Mellor
et al 2021). Of the 1,955 people who submitted survey
responses between 1 April 2012 and 1 July 2013, we
initially contacted the 1,788 who had followed the correct
procedure for identifying their bird’s species (from images,
to reduce likelihood of owner-bias). Of these, 1,521 were
successfully sent an email (ie the email address was still
valid). Figure 1 provides a step-by-step schematic showing
details of data collection, processing, and analysis.

Data processing and image scoring

We received 259 responses to our current survey (see
Figure 1). For 111 of these, owners also sent images of
which 110 sets were usable (one folder contained no
images). Images from each set were scored independently
by two raters who were not parrot specialists, and who were
inexperienced in assessing plumage condition but knowl-
edgeable of the subject area (one being the lead author and
the other a veterinary student) and available for this project.
Raters were blind to the owners’ and each other’s scores.
The raters scored the presence or absence of damaged
plumage on various body areas and feather types, did the
same regarding skin damage, and scored the overall severity
of feather damage (from none [0] to severe [3]; see Table 1).
A random number generator was used to select a random
20% of the 110 sets of images for re-scoring, to calculate
each rater’s intra-observer reliability (ie that within a given
rater). Afterwards, inter-observer reliability (ie that between
the two raters) of the two raters was assessed across all 110
sets of scores. For these intra- and inter-observer scores, the
raters scored ‘Not visible’ if a body area and/or feather type
was not visible on a given bird’s set of images.
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Table | Details of survey questions and their responses used in the current study. A copy of the entire survey listing
all 13 questions is provided in Appendix S1.

Question Response
Demographics
Which species is your parrot? Common and/or scientific names Free form text box
acceptable
What sex is your parrot? Female

Male

Uncertain

Information on feather damage?

Does your parrot currently have damaged plumage, Yes

ie damaged and/or missing feathers?
No

Which body parts are affected? Head
Throat/neck
Chest
Back

Wings: dorsal surface
Wings: ventral surface
Tail
Legs
Which type(s) of feathers are damaged? Down feathers
Covert feathers
Primary and/or secondary flight feathers (remiges, wings)
Tail feathers (retrices)
Newly developing feathers (blood feathers)

Mature feathers

Is there skin damage present? Yes
No
Does your parrot pluck, bite or chew its own feathers? Yes
No

No, the parrot is plucked by another bird
Unknown

How severe is the feather damage caused by your No damage (0)

parrots behaviour? Ordinally ranked 0-3 Mild (focal areas, most feathers intact) (1)

Moderate (patchy distribution, may leave down alone) (2)

Severe (bird [almost] completely devoid of feathers) (3)

For 15 of the 110 sets of images, owners had not completed with 95 sets of images and corresponding survey responses.
the survey, so we excluded these images and scores from Next, we further excluded cases in which images were
further analyses. Additionally, one respondent had clearly not taken at the same time (judged by time-stamps
submitted duplicate versions of the survey and given or, if these were missing, by image content) and sets that did
different responses, so we discarded theirs too, leaving us not permit definitive assessment of feather condition. This
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Figure |

Analyses performed

Sample size and data
description

1,788 respondents to
previous survey
contacted

Exclusions made

1,521 succ

contacted

267 email addresses no
longer valid

259 responses to current

survey

These 110 images used for
rater intra- and inter-observer
checks

148 /259 did not send
corresponding images

1 sent an empty folder

110 sent usable images

15 respondents sent images
but did not complete survey

95 sent usable images
and provided matching
survey responses

These 7§ sets of images and
survey responses used for
remaining analyses

15 sets of images did not
permit definitive assessment
of feather condition

2 non-identical survey
responses for the same parrot

Final dataset: 78 sets
of images with
matching survey
responses

Schematic detailing the workflow regarding data processing and analysis of survey responses and images received from pet parrot owners.

left us with a final dataset of 78 sets of images and their
corresponding survey responses for assessment of rater-
owner inter-observer reliability (ie between each rater and
owners). Survey responses made by owners regarding the
presence/absence and severity of damaged plumage across
the same body areas, feather types and skin damage as
mentioned above, were used to calculate inter-observer reli-
ability between each rater and owners. For the rater-owner
inter-observer scores, the cells previously scored as ‘Not
visible’ by the raters (see above) were re-coded as ‘NA’ and
any survey responses unanswered by owners were likewise
scored as such, to allow for correct comparison across the
sets of scores (ie all NAs were excluded from analyses).

As a result of its association with welfare, we also wanted
to assess agreement between raters and owners regarding
FDB more specifically. Thus, for the subset of 31 parrots
whose owners indicated that their bird’s feather damage was
self-directed (see Table 1), we calculated inter-observer reli-
ability scores between the raters’ and owners’ scores.

Finally, for the 78 parrots with images and survey
responses, we assessed possible bias in overall agreement
between each rater and the owners, which might be
explained by parrot species identity and/or sex. For these
analyses, our outcome variable was, for each individual
bird, the proportion of total agreement across all scores
between each rater and owners. As some species were repre-
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sented by single or few animals, we grouped most species
into broader, taxonomic groups (see Table S2) to better
enable reliable comparisons. Our predictor variables were
then ‘taxonomic group’ and ‘sex’ (female/male/uncertain)
as reported by owners.

Statistical analysis

Statistical analyses were performed in R version 4.0.4 (R
Core Team 2021). Accuracy of feather condition
reporting was assessed in two ways. First, using the ‘irr’
package (Gamer et al 2019), we calculated intra- and
inter-observer reliability scores for raters, as percentage
agreement and Cohen’s kappa (k, which accounts for
agreement purely by chance) for each body area, for each
feather type, for skin damage, and for severity scores (the
latter being a weighted kappa, as these data were
ordinal). The same procedure was used to calculate inter-
observer agreement between the raters’ and owners’
scores. Second, we compared the raters’ scores
regarding: (i) proportion of feather and skin damage
(0 = no damage, 1 = damage present on all feather types,
body areas, and on the skin); (ii) severity scores; and (iii)
proportion of scores recorded as ‘Not visible’ (see
Tables S3 and S4). Similarly, for comparisons between
the raters’ and owners’ scores we did (i) and (ii), but
excluded any ‘NA’s (see Tables S3 and S4). As data were
non-normally distributed, we used Wilcoxon matched-
pairs tests for these comparisons.

To assess whether parrots with owner-reported FDB have
more damage than those without, Mann-Whitney U tests
were used to compare: (i) the proportion; and (ii) severity of
feather and skin damage on birds with and without owner-
reported FDB, for both the owners’ and the independent
raters’ scores. For these analyses, we excluded all ‘NA’s
(see Tables S3 and S4).

To assess whether the proportion of rater-owner
agreement across all 78 birds might be explained by
taxonomic grouping and/or sex, as residuals were non-
normally distributed, we used beta regression from the
‘betareg’ package (Cribari-Neto & Zeileis 2010) suitable
for bounded data. Beta regression requires that no values
be exactly 0 or 1 so, as no values were 0 but some were
1, we took 0.01 off all outcome values. We assessed
homogeneity of residuals on diagnostic plots, and poten-
tially influential data-points using Cook’s distance. For
data-points ~ deemed  influential (ie = Cook’s
distance > 0.05) we removed each one in turn and re-ran
the model to assess effects. The potential significance of
each predictor was assessed using likelihood ratio tests to
evaluate changes in model deviance on removing each
term in turn (Crawley 2013). When removing a predictor
term caused a significant increase in model deviance, we
then examined its relationship to the outcome using the
terms of the model. Results were considered significant
at P < 0.05, all P-values are two-tailed, and means with
standard errors are reported where appropriate.

Results

Frequency tables are provided in Tables S3 and S4,
describing a summary of the distribution of scores given by
raters and owners. For 31/78 (39.7%) parrots, their owners
indicated they had FDB.

Intra-observer reliability

Mean intra-observer reliability across 22 sets of images was
93.3 (£ 0.01)% for Rater 1 and 97 + (0.01)% for Rater 2,
and for each agreement was mostly almost perfect to perfect
as judged by «k (see Table S5). Therefore, we used each
rater’s original scores for all inter-observer reliability
checks. For both raters there were no significant differences
in the proportion of feather damage reported for their first
and second sets of scores (Rater 1: V' = 25.50; P = 0.31;
Rater 2: V= 0; P = 0.37), for the proportion of ‘Not visible’
scores (Rater 1: V'=6; P=0.37; Rater 2: '=4; P=0.77),
nor for their severity scores (Rater 1: V' = 1; P = 0.99;
Rater2: '=1; P=10.99).

Between-rater inter-observer reliability

When scoring all 110 images received from owners, mean
inter-observer reliability agreement between the two raters
was 84.1 (+ 0.02)%, and mostly moderate to substantial as
judged by « (see Table S6). The raters did not differ in their
proportions of feather damage scores (V' = 755.50;
P =0.57), their ‘Not visible’ scores (V= 169.50; P = 0.62),
nor their severity scores (V= 314.50; P = 0.75).

Rater-owner inter-observer reliability

Across the full dataset of 78 parrots with survey responses,
the mean inter-observer reliability between Rater 1 and
owners’ scores was 77.6 (£ 0.03)%, and agreement was
mostly fair to moderate as judged by « (see Table 7). For
Rater 2, mean agreement was 79.1 (= 0.04)%, and fair to
substantial (see Table 8). Both raters reported a highly
significantly greater proportion of feather damage than did
owners (Rater 1: V = 1,257; P < 0.001; Rater 2:
V'=1,205.50; P <0.001), but there were no such differences
regarding the severity scores (Rater 1: V'=423.50; P =0.24;
Rater 2: V'=297; P = 0.30). Median proportion of feather
damage recorded by Rater 1 was 0.29, for Rater 2 was 0.27,
whereas for owners it was 0.12.

For the subset of 31 parrots whose owners indicated they
have FDB, mean agreement between raters and owners was
69.9 (£ 0.05)% for Rater 1 and 72 (+ 0.04)% for Rater 2
(Tables 9 and 10). For Rater 1, agreement as judged by «
was mainly slight to moderate, and slight to substantial for
Rater 2. Rater | tended to report a greater proportion of
damage than owners (V'=326; P =0.06) and for Rater 2 this
was significant (V' = 333.50; P = 0.04), but again for
severity scores there were no such differences (Rater 1:
V'=51;P=0.61; Rater 2: '=44; P=0.59). Median propor-
tion of feather damage reported by Rater 1 was 0.60, by
Rater 2, 0.53, while that reported by owners was 0.43.
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Table 7 Inter-observer reliability scores calculated between Rater | and parrot owners of 78 sets of images that passed
quality criteria, given as percentage agreement and Cohen’s (k, agreement between two scores after accounting for

agreement purely by chance: Cohen 1960; McHugh 2012).

Rater |

Agreement Cohen’s kappa n
Any feather damage? 67.9% k=0.36,Z=3.19,P< 0.0l 78
Specific body parts
Head 94.9% Kk =048,Z=4.96,P <0.00l 78
Throat/neck 85.9% k=0.54,Z=5.18,P < 0.00l 78
Chest 88.5% k=0.72,Z=6.35pP < 0.00I 78
Back 69.2% k=0.20,Z=2,P=0.05 78
Wings (dorsal surface) 65.4% k=0.31,Z=3.36,P<0.00l 78
Wings (ventral surface) 80.0% k=0.58,Z=285P<0.0lI 20
Tail 76.4% kK =0.35,Z=3.30,P <0.001 72
Legs 82.9% k=0.59,Z=>533,P<0.00l 76
Feather types
Down feathers 87.2% k=0.67,Z=1593,P<0.00l 78
Covert feathers 73.1% k=048,Z=4.96,P<0.00l 78
Primary/secondary flight feathers 81.6% k =0.40,Z = 3.89,P < 0.001 76
Tail feathers 76.4% x=0.35,Z=3.30,P <0.001 72
Blood feathers 77.6% —* 49
Mature feathers 65.5% k=0.33,Z=276,P<0.0lI 58
Other
Skin damage 94.4% k=047,Z=3.99,P<0.00l 72
Severity (0-3) 52.6% k=043,Z=531,P<0.00l 78

Mean agreement 77.6%

Kk scores are interpreted as follows: < 0.21 = slight; 0.21-0.40 = fair; 0.41-0.60 = moderate; 0.61-0.80 = substantial; 0.81-0.99 = almost
perfect; | = perfect. P < 0.05 indicates that the rater and owners scores agree more than would be expected by chance. * There was not
enough agreement in one level (yes) between the two sets of scores to enable calculation of «.

Comparisons between parrots with and without
owner-reported FDB

For the 31 parrots with owner-reported FDB, their owners
scored a highly significantly greater proportion of feather
damage than did owners of parrots without reported FDB
(n =47, W = 1,369.50; P < 0.001), as did both raters
(Rater 1: W = 1,178; P < 0.001; Rater 2: W = 1,233;
P <0.001). Owner-reported median proportion of feather
damage for birds with FDB was 0.43 and without was 0; for
Rater 1 values were, respectively, 0.60 and 0; and for
Rater 2 they were 0.53 and 0. Severity scores were also
highly significantly greater for birds with FDB than those
without (owners: W = 1,368.50; P < 0.001; Rater 1:
W=1,161.50; P<0.001; Rater 2: W=1,186.50; P <0.001).
The median severity score reported by owners for birds with
FDB was 2 and without 0; for Rater 1 values were, respec-
tively, 1 and 0; and for Rater 2, they were 2 and 0.

Potential bias in rater-owner agreement

For Rater 1, removing predictor terms from the full model
containing both terms did not significantly increase model
deviance (taxonomic grouping: x> = 11.72, df=7; P=0.11;
sex: y2 = 3.42, df = 2; P = 0.18), and the same was true for
Rater 2 (taxonomic grouping: ¥* = 9.38, df = 7; P = 0.23;
sex: 2 =0.04, df =2; P=0.98). Compared to the null model
(with no predictor terms), removal of either predictor did
not result in a significant increase in model deviance for
Rater 1 (taxonomic grouping: ¥*> = 10.67, df =7; P = 0.15;
sex: y* = 2.37, df = 2; P = 0.31) and, again, the same was
found for Rater 2 (taxonomic grouping: x> = 9.46, df = 7;
P=0.22; sex: y>*=0.12, df = 2; P =0.94). Therefore, neither
taxonomic group nor sex significantly explained the propor-
tion of agreement between raters and owners.

All supplementary material from this paper can be found at
https://www.ufaw.org.uk/the-ufaw-journal/31 2 01.
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Table 8 Inter-observer reliability scores calculated between Rater 2 and parrot owners of 78 sets of images that passed
quality criteria, given as percentage agreement and Cohen’s (k, agreement between two scores after accounting for

agreement purely by chance: Cohen 1960; McHugh 2012).

Rater 2

Agreement Cohen’s kappa n
Any feather damage? 71.8% k=0.43,Z=3.90,P<0.001 78
Specific body parts
Head 94.9% K =0.48,Z=4.96,P<0.00I 78
Throat/neck 75.6% Kk =0.34,Z=3.48,P < 0.00I 78
Chest 85.9% k=0.67,Z=6.02,P < 0.001l 78
Back 78.2% k=0.32,Z=298,P <00l 78
Wings (dorsal surface) 67.9% k=0.34,Z=3.6,P <0.001 78
Wings (ventral surface) 50.0% k =0.06,Z=0.19,P =0.85 8
Tail 89.2% k =0.63,Z=5.50,P<0.001 74
Legs 91.0% k =0.74,Z = 6.56,P < 0.001 78
Feather types
Down feathers 88.5% Kk =0.68,Z =6.02,P <0.001 78
Covert feathers 69.2% k=041,Z=432,P<0.001 78
Primary/secondary flight feathers 84.0% k =04527Z =421 P<0.00l 75
Tail feathers 90.5% k=0.66,Z =5.77,P < 0.001 74
Blood feathers 83.7% k=0.37,Z=3.32,P<0.001 49
Mature feathers 67.2% k=0.36,Z=294,P<0.0lI 58
Other
Skin damage 97.2% Kk =0.65,Z=59I,P<0.00I 72
Severity (0-3) 60.3% k=0.53,Z=6.47,P <0.00I 78

Mean agreement 79.1%

K scores are interpreted as follows: < 0.21 = slight; 0.21-0.40 = fair; 0.41-0.60 = moderate; 0.61-0.80 = substantial; 0.81-0.99 = almost
perfect; | = perfect. P < 0.05 indicates that the rater and owners scores agree more than would be expected by chance.

Discussion

Overall, our study found acceptable levels of agreement
between two blinded raters’ and owners’ scores of the
feather condition of 78 pet parrots, as assessed by
percentage agreement and using Cohen’s kappa. This
supports that owner-reports can be reliable (in agreement
with Pollard et al 2017). As predicted, and reassuringly
for our previous work (Mellor ef al 2021), we also
confirmed that owners scored a highly significantly
greater proportion of feather damage for parrots with
owner-reported FDB than those without, as did both
raters. Birds with FDB also had highly significantly
greater damage severity scores from both owners and
raters. We did find, however, that across the full dataset of
78 parrots, raters scored a highly significantly greater
proportion of feather damage than did owners, and a
similar pattern (though somewhat less pronounced) was
found for the subset of birds with FDB. Additionally, we

found slightly less rater-owner agreement for the subset
of 31 parrots whose owners indicated they had FDB.

Limitations of our study include variable image quality (eg
lighting, focus); the occasional, accidental exclusion of
body areas and/or feather types from the shot; and the
inability to capture certain body areas in photographs of
unrestrained birds, such as the ventral surface of the wing
and the area underneath the tail (see also van Zeeland et al
2013). This specifically limited the raters’ ability to assess
damage, hence reducing the efficacy of rater scoring if a
bird damaged only these areas. Additionally, the raters
were not parrot specialists and, until this study, inexperi-
enced in assessing feather condition. However, our raters’
high intra- and inter-observer agreement scores would
imply their responses to nonetheless be reliable (regarding
reproducibility). We also had some incidences, especially
for the subset of parrots with FDB, in which percentage
agreement was high, yet k¥ was low (eg presence of any
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Table 9

Inter-observer reliability scores calculated between Rater | and parrot owners, on a subset of 31 parrots

whose owners report they have feather-damaging behaviour. Agreement is given as percentage and Cohen’s kappa (x,
agreement between two scores after accounting for agreement purely by chance: Cohen 1960; McHugh).

Rater |

Agreement Cohen’s kappa n
Any feather damage? 80.6% Kk =-0.06,Z = -0.45,P = 0.65 31
Specific body parts
Head 90.3% Kk =0.37,Z=2.64,P =00l 31
Throat/neck 77.4% Kk =0.54,Z =3.39,P < 0.00I 31
Chest 87.1% k =0.72,Z = 4.05,P < 0.001 31
Back 41.9% k =-0.09,Z =-0.57,P = 0.57 31
Wings (dorsal surface) 51.6% k=0.11,Z=0.81,P =042 31
Wings (ventral surface) 75.0% k=0.39,Z=1.38,P=0.17 8
Tail 75.0% K =0.46,Z=265P=0.0I 28
Legs 80.6% Kk = 0.60,Z = 3.39,P < 0.00I 31
Feather types
Down feathers 80.6% Kk =0.61,Z=3.43,P<0.00l 31
Covert feathers 80.6% k =0.58,Z = 3.54,P < 0.001 31
Primary/secondary flight feathers 65.5% k=027,Z=162,P=0.10 29
Tail feathers 75.0% k =0.46,Z = 2.65,P = 0.0l 28
Blood feathers 9.1% —* I
Mature feathers 78.9% kK =-0.08,Z =-0.45 P =0.66 19
Other
Skin damage 86.7% Kk =042,Z=232P =002 30
Severity (0-3) 51.6% k=0.33,Z=12.88,P<0.0l 31

Mean agreement 69.9%

K scores are interpreted as follows: < 0.21 = slight; 0.21-0.40 = fair; 0.41-0.60 = moderate; 0.61-0.80 = substantial; 0.81-0.99 = almost
perfect; | = perfect. P < 0.05 indicates that the rater and owners scores agree more than would be expected by chance. * There was not
enough agreement in one level (yes) between the two sets of scores to enable calculation of k.

feather damage and, to a lesser extent, when scoring
mature feathers). k is affected by the prevalence of the
outcome under question, meaning that very rare outcomes
(for these examples, this being ‘no damage’) can be asso-
ciated with very low « scores, even when agreement is
actually high (Viera & Garrett 2005). Kappa likewise
under-performed in Giammarino et al (2021)’s recent
study assessing the performance of several indices of
inter-observer reliability for an animal welfare indicator
(udder asymmetry of dairy goats). Giammarino et al
(2021) thus recommended using Bangdiwala’s B
(Bangdiwala 1985) or Gwet’s y(AC)) (Gwet 2008) rather
than x: a suggestion to bear in mind for future studies.
Another limitation of our approach, especially pertinent to
welfare, is that photographs only serve as a snapshot in
time and may not be representative of a bird’s long-term
welfare state. This might explain the poor agreement for

blood feather scoring for the subset of 31 parrots whose
owners reported them as having FDB. If parrots did not
have newly growing feathers at the time of being
photographed, then the raters would have scored ‘no
damage’, even if the bird did damage them when there
(thus likely resulting in disagreement with owners). When
applying the approach used here in future work, this issue
could be mitigated by regularly taking and storing (stan-
dardised) photographs for plumage scoring. Doing so
would then create a longitudinal record of a bird’s
plumage condition representative of its long-term state and
facilitate objective identification of changes over time.
Despite the current limitations, however, our results do
indicate that photographs are a valid, if imperfect, method
of independently assessing feather condition (in agreement
with Honess et al 2005 and van Zeeland et al 2013), and
also that owner-reporting of FDB seems reliable.
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Table 10

Inter-observer reliability scores calculated between Rater 2 and parrot owners, on a subset of 31 parrots

whose owners report they have feather-damaging behaviour. Agreement is given as percentage and Cohen’s kappa (x,
agreement between two scores after accounting for agreement purely by chance: Cohen 1960; McHugh).

Rater 2

Agreement Cohen’s kappa n
Any feather damage? 83.9% k =-0.05,Z=-0.39,P=0.70 31
Specific body parts
Head 87.1% k =0.30,Z =2.32,P=0.02 31
Throat/neck 64.5% Kk =0.36,Z=26I,P=0.0I 31
Chest 83.9% k =0.62,Z = 3.47,P < 0.001 31
Back 61.3% k=0.19,Z=1.06,P =029 31
Wings (dorsal surface) 58.1% k=0.21,Z=142,P=0.16 31
Wings (ventral surface) 40.0% k=-0.36,Z=-091,P =036 5
Tail 82.1% k=0.58,Z=3.19P<00l 28
Legs 80.6% k =0.61,Z=3.39,P<0.00l 31
Feather types
Down feathers 80.6% k=0.61,Z=343,P<0.00] 31
Covert feathers 74.2% k=042,Z=287,P<0.0l 31
Primary/secondary flight feathers 78.6% k =0.48,Z=257,P=0.10 28
Tail feathers 85.7% k =0.65,Z=3.5P <0.00l 28
Blood feathers 36.4% k=0.07,Z=0.64,P=0.52 I
Mature feathers 78.9% k =-0.09,Z =-0.45,P = 0.66 19
Other
Skin damage 93.3% Kk =0.63,Z=3.73,P < 0.001 30
Severity (0-3) 54.8% k =0.38,Z=3.31,P<0.00l 31

Mean agreement 72.0%

K scores are interpreted as follows: < 0.21 = slight; 0.21-0.40 = fair; 0.41-0.60 = moderate; 0.61-0.80 = substantial; 0.81-0.99 = almost
perfect; | = perfect. P < 0.05 indicates that the rater and owners scores agree more than would be expected by chance.

The greater proportion of feather damage being reported by
raters than owners might be explained by owner under-
reporting and/or rater over-reporting. For example, damage
might indeed be present, including that resulting from FDB,
but as yet undiagnosed by the owners (eg Pollard ef a/ 2017;
Malalana et al 2019). As demonstrated elsewhere, owners
vary in the ability to correctly identify issues such as, for
instance, obesity (Courcier et al 2011; Potter et al 2016;
Morrison et al 2017), and the same could be true for feather
condition. While we requested owners report presence of any
damaged plumage, ie not only that due to FDB, FDB is a well-
known parrot behavioural problem, which most owners
would likely be aware of even if their bird were unaffected.
Therefore, prior knowledge of FDB may have biased owners
towards only positively reporting damage resulting from FDB
and excluding reporting damage and/or loss caused by other
means. Raters, in contrast, had no information about the
behaviour of each bird prior to it being photographed, which

could perhaps lead to raters incorrectly recording damage.
Moulting, preening and bathing can all affect feather appear-
ance, as can abrasion against the cage and/or nest-box (indeed
this was noted anecdotally by raters as a potential explanation
for cases in which feathers had a ‘worn’ appearance rather
than looking chewed or entirely removed). Future studies
might mitigate potential rater over-reporting by training
raters, and by allowing owners to indicate whether their bird
had performed specific, relevant, behaviours immediately
prior to it being photographed. Similarly, information about
moulting could also be collected. In primates, such as rhesus
macaques (Macaca mulatta), alopecia (scored from coat
quality) and hair-pulling are associated, in that hair-pullers are
more likely to have hair loss (Lutz et al 2013). However,
alopecia does also occur in the absence of hair-pulling indi-
cating that, as with feather condition as examined here,
alopecia is complex and can be caused by several factors (van
Zeeland et al 2009; Lutz et al 2013).
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Part of the rationale underlying our current study was to
assess whether owner reports of plumage condition, and of
FDB, are valid, as the latter is a key outcome variable in our
previous cross-species comparative work (see Mellor et al
2021). While owners and raters generally agreed on birds’
feather condition here, this agreement was not totally
consistent and there seems some indication that, if anything,
owners may have under-reported FDB. However, that
parrots with FDB were scored as having a greater propor-
tion of feather damage than those without, and had higher
severity scores, is in line with what would be expected if
owner reports are reliable. Equally reassuring for our
comparative work (cf Mellor et a/ 2021), was that we did
not find rater-owner agreement to differ between taxonomic
groups. In other words, different taxa are equally affected
by potential under-reporting of FDB by owners, and so this
should not bias any comparative outcome variables.

Animal welfare implications

Considering welfare, it is useful to know that owner reports
can be reliable in terms of gaining an understanding of the
extent of a welfare-relevant problem. This is especially
relevant given the mammalian bias in research focusing on
captive wild animal welfare (Rose et al 2019). Thus, we
encourage the welfare assessment of birds to become more
commonplace, both to improve their welfare and care-
givers’ understanding of their animal’s needs. An additional
benefit of our work is evidence that photographs, being non-
invasive and quick for owners to take and supply, can form
a useful part of the diagnostic toolkit of welfare assessment,
providing their limitations are considered. Finally, vali-
dating owner reports allows us to collect data, with minimal
disturbance, from thousands of birds across dozens of
countries, to identify species’ traits and aspects of
husbandry that predispose birds to, or protect them from,
welfare problems (Mellor et al 2021).

Conclusion

In conclusion, we found that owner-reporting of feather
condition of pet parrots is generally reliable, as judged by
inter-observer reliability scores between owners and two
raters, but not perfect — emphasising the importance of
validation. We also found that birds with owner-reported
FDB had a much greater proportion of feather damage, and
their severity scores were also higher, as scored by owners
and raters. Our finding that raters were more likely to report
greater proportion of feather damage than owners might be
explained by raters wrongly identifying newly preened or
bathed feathers as being damaged, by very mild damage
being undiagnosed by owners, or by owner-bias in the
reporting of damage.
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