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ABSTRACT
Tarsus length, minimum or maximum, is a commonly recorded metric used in a variety of
ornithological studies. The nature of the relationships between minimum and maximum tarsus
lengths and the accuracy with which one can be derived from the other is unknown. We
explored the strength of the relationships between tarsus measurements across six species of
passerines, deriving species-specific intercept equations and a minimum sample size (n = 49)
required to support the accurate transformation of data for other species. The effective
bidirectional transformation of measurements indicates that our method has broad applicability
and utility and can be used to facilitate comparative studies, syntheses and collaborations.
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Tarsus length is an important metric collected by
researchers and bird ringers/banders and is used solely
or in combination with other biometrics in a variety
of studies. For example, tarsus measurements form the
basis of indices of, or act as proxies for, body
condition (e.g. Ormerod & Tyler 1990, Vafidis et al
2016, Wang et al 2019), and skeletal body size (e.g.
Senar & Pascual 1997). Tarsus measurements are also
commonly used to examine intraspecific growth rate
(e.g. Cleasby et al 2011), and derive sexing criteria
(e.g. Andersson & Wester 1971, Giammarino et al
2012, Hallgrimsson et al 2016).

The two most common methods used for measuring
passerine tarsi in living birds (as opposed to museum
specimens, see below) are: (i) from the inter-tarsal
joint to the joint between tarsus and toes, with the
toes bent at approximately 90° in relation to the tarsus
(‘minimum tarsus’ hereafter; e.g. Richner 1989,
Taborsky & Taborsky 1999, Eck et al 2011,
Zuberogoitia et al 2011); and (ii) from the lower hind
edge of the tibia to the tarsus/toes joint (‘maximum
tarsus’ hereafter; e.g. Dougall 1997, Redfern & Clark
2001, Masello & Quillfeldt 2004, Li et al 2010; Figure
1). It is worth noting at this juncture that two of the
most commonly used European field guides, Svensson
(1992) and Demongin (2016), refer only to minimum
tarsus but provide two measurement methods – the
‘standard’ and the ‘alternative’. The ‘standard’ measure

is defined as “the notch on the back of the intertarsal
joint to the lower edge of the last complete scale before
the toes diverge”. This method is consistent with
museum practices. The ‘alternative’ measure is more
repeatable in the field, hence the definition given, above.

There is no global consensus, however, on a standard
method for best practice; hence national ringing
schemes and other authorities differ in their
recommendations. For example, the European–
African songbird migration network (Bairlein et al
1995), and the South African Ringing
Scheme (SAFRING) (de Beer et al 2001) suggest that
recorders should use the minimum tarsus method. In
contrast, the British Trust for Ornithology (BTO)
advocate the use of maximum tarsus (Redfern & Clark
2001). This picture is further complicated by the fact
that historically the BTO recommended the minimum
tarsus method (Redfern & Clark 2001).

Despite their widespread use, there is a lack of
published information on intraspecific relationships
between minimum and maximum tarsus
measurements. Any assumptions of equivalency in
development and bone ossification over time that
suggest that the relative difference between minimum
and maximum tarsus measurements would be
conserved and consistent across species may be
misplaced. For example, individuals within a species
do not develop equally, despite being from the same
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general genetic blueprint (e.g. Björklund 1997, Merilä &
Fry 1998, Kunz & Ekman 2000). Thus, there is the
potential for considerable non-linear, intraspecific
variation in tarsal length and tibial width
(Quisenberry et al 1941, Ren et al 2016, DeSesso &
Scialli 2018). Therefore, projects and schemes that
study the same species but use different methods of
measuring tarsus length (e.g. Goodenough et al 2008
vs Norte et al 2009) may have limited scope for
comparison, inferential extrapolation, or contributions
to future data syntheses (e.g. McKechnie 2019, Weeks
et al 2020).

This study describes the relationship between
minimum and maximum tarsus measurements in
living birds across six passerine species in Europe,
derives correction factors that can be applied to
existing data bilaterally to convert between minimum
and maximum tarsus measures with a high degree of
accuracy, and recommends a minimum sample size
for determining correction factors for other species.

Methods

Location and biometric methods

Field surveys were undertaken at various sites in the
United Kingdom, Ireland and Spain as part of normal,
licensed bird-ringing activities using a variety of mist
nets and conventional traps, between February 2018
and July 2019, inclusive. Before beginning data
collection, a power analysis was undertaken that
suggested that a minimum of 16 samples were
required to detect a correlative relationship of r≥ 0.8,
with 95% power at P = 0.01. For each individual bird
captured, age, sex, wing length, body mass and
minimum and maximum tarsus length were recorded.
Tarsus measurements were recorded, on the right leg,
to the nearest 0.1 mm, using analogue callipers (Figure
1). The leg was temporarily released between
measurements, thus ‘resetting’ both the leg and the
observer and ensuring that the same process of leg
and calliper manipulation was carried out for each
measurement. Data were collected by all the authors,

with the two tarsus measurements of any individual
bird always being recorded by the same person.

Data analysis

Prior to analysis, outliers were categorised as those
values that were found to lie above or below 1.5 times
the interquartile range (Tukey 1977) and subsequently
removed. For each species we calculated Pearson’s
correlation coefficient r for the relationship between
the minimum and maximum tarsus measurements.
The intercept equation facilitating the calculation of y
(in the first instance) for a given value of x was
subsequently calculated using the formula y =mx + a,
where y indicates the y variable (e.g. minimum tarsus),
and m represents the slope of the correlation. The
unknown variable a was calculated using the formula
y =mx+a. The slope of the correlation, m, was

calculated as m = r
SDy
SDx

, where SD describes the

standard deviation, and x indicates the x variable (e.g.
maximum tarsus). Descriptive statistics for minimum
and maximum tarsus measurements (the minimum,
maximum and mean of each) derived from raw data
were then compared to those derived from intercept
equations.

Sequential bootstrapping and changepoint analyses
were used to calculate the minimum number of
observations required to support transformation
between minimum and maximum tarsus
measurements. Changepoint analyses aim to identify
locations at which the statistical properties of a
sequence of observations differs along its length. For
example, given the sequence A–G, changepoint
analysis may highlight D, i.e. the statistical properties
of A–C differs substantially to the properties of E–G.
The correlation coefficient for each species was
calculated across 12 sampling instances, corresponding
to the number of visits required during the BTO
Constant Effort Survey (CES) methodology (BTO
2020), using groups of between one and 100 randomly
sampled individuals, without replacement, thus
simulating the uncertainty of actual site visits. The
CES method provides a standardised baseline that
placed the present study in an appropriately realistic
context, as opposed to an arbitrary number of
sampling instances, such as five or 10. Changepoint
analysis was then applied using the power of the
pruned exact linear time (PELT) method, with a
manual penalty of 2 × log(n) (Wambui et al 2015),
estimating the point or points at which the observed
correlation coefficients before and after differed
significantly (Killick & Eckley 2014, Killick et al 2016).

Figure 1. Methods for deriving (a) minimum and (b) maximum
tarsus measurements. Artwork by Kim Caravaggi.
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Due to the nature of changepoint analysis, a sequence of
observations can contain several changepoints. Here, we
apply the precautionary principle and interpret the
maximum changepoint as indicating the minimum
number of birds required to convert reliably between
the different tarsus measurements. This process was
repeated 1000 times, equating to a total of 12 000
randomly sampled iterations, from which the mean ±
SD maximum changepoint was calculated.

Finally, we calculated the mean ± SD Pearson’s
correlation coefficient for each species, across 1000
iterations, based on random sampling of the original
data, without replacement, where n was equal to (i) the
mean changepoint, and (ii) the minimum number of
observations required according to power analysis (n = 16).

All analyses were carried out and plots created in R
v3.5.1 (R Core Team 2018), using the packages
changepoint (Killick & Eckley 2014, Killick et al 2016),
tidyr (Wickham & Henry 2019), dplyr (Wickham et al
2019) and ggplot2 (Wickham 2016).

Results

A total 1238 individuals of 28 passerine species were
caught and measured during the study. We focused on
the six most commonly encountered species (n >
100), specifically Blue Tit Cyanistes caeruleus (n = 220;
217 minus outliers), Blackbird Turdus merula (n =
119; 113), Coal Tit Periparus ater (n = 106; 104),
Chaffinch Fringilla coelebs (n = 191; 187), Great Tit
Parus major (n = 307; 303) and Robin Erithacus
rubecula (n = 108; 107). All results from these and the
other species from which data were recorded can be
found in the Appendix tables and, along with
associated R code from this paper, in the online data
repository at https://doi.org/10.5281/zenodo.6347026.

Tarsus measurements varied between species, from a
minimum of 16.8 ± 0.6 mm and maximum of 19.2 ± 0.7
in Blue Tits to 34.2 ± 1.1 mm and 39.0 ± 1.1 mm in
Blackbirds (Table 1). There were no differences in
tarsus length between sexes or age classes in any of
the focal species (Tables A1–A8). All focal species
exhibited high correlations (r > 0.7; Taylor 1990)
between minimum and maximum tarsus
measurements. The strongest correlation was observed
in Robins (r = 0.93), while Coal Tits had the lowest
correlation (r = 0.78). There were no significant
differences between raw tarsus measurements and
those derived from intercept equations. Mean
minimum and maximum tarsus measurements
deviated by 0.01 mm (Blackbird in both measures) to
0.06 mm (Blue Tit and Chaffinch; Table 1).
Correlation values between estimated minimum and
actual maximum tarsus measurements and vice versa
matched those of correlations using original data (see
Figure 2, which also gives species-specific
transformation equations).

Mean maximum changepoints calculated from
iterative bootstrapping were also similar across all
focal species, from 43 (Coal Tit) to 49 (Great Tit),
with a mean of 45 (Figure 2). Following our prior
rationale where the maximum changepoint was
assumed to represent the minimum number of birds
required for each species, the minimum number
required to repeat this study reliably with other focal
species was 49. Comparisons between r values derived
from species-specific changepoints and those based on
power analysis showed that using changepoints
resulted in less dispersed data. For example, Chaffinch
changepoint data had narrower errors (0.06) and a
smaller interquartile range (0.07) than power analysis
data for the same species (0.13 and 0.19, respectively;
Figure 3).

Discussion

Measurements of tarsus length are a commonly
recorded metric in passerine studies. These
measurements, either minimum or maximum, are
used to infer a variety of other individual
characteristics and traits. Bootstrap analyses suggested
that a minimum of 49 individual birds are required,
per focal species, to support transformation while
observing a strong correlation between metrics. This
study is the first to explore relationships between
minimum and maximum tarsus measurements in
passerine birds, thereby facilitating intraspecific
comparison between and synthesis across studies. This
study was based on the observation that two

Table 1. Minimum and maximum tarsus measurements (mm)
for six species of passerine birds. Actual (a) metrics derived
from raw data and estimates (e) calculated from correlation
slope intercept equations are given.

Actual Estimates

Species amin amax amean (± SD) emin emax emean (± SD)

Minimum tarsus measurement
Blackbird 31.9 36.7 34.3 ± 1.1 31.68 36.82 34.31 ± 1.22
Blue Tit 15.4 18.7 16.8 ± 0.6 15.01 18.29 16.74 ± 0.50
Chaffinch 16.7 19.9 18.3 ± 0.6 16.64 20.04 18.34 ± 0.62
Coal Tit 16.3 18.3 17.3 ± 0.5 15.67 18.38 17.25 ± 0.56
Great Tit 18.7 22.7 20.5 ± 0.7 16.22 22.69 20.49 ± 1.08
Robin 23.8 27.8 25.9 ± 0.9 23.55 27.99 25.87 ± 0.83
Maximum tarsus measurement
Blackbird 36.6 41.5 39.1 ± 1.1 36.81 41.38 39.09 ± 1.22
Blue Tit 17.4 20.8 19.2 ± 0.7 17.81 21.23 19.26 ± 0.50
Chaffinch 19.2 22.8 21.0 ± 0.7 19.26 22.65 20.96 ± 0.62
Coal Tit 18.0 20.4 19.4 ± 0.5 18.56 20.33 19.45 ± 0.56
Great Tit 19.6 25.2 23.3 ± 0.8 21.75 25.21 23.31 ± 1.08
Robin 26.5 30.7 28.7 ± 0.9 26.74 30.52 28.73 ± 0.83
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independent and geographically distant research
groups, here anonymised, were collecting a large
amount of data on the same focal species to answer
very similar questions. However, each group was using
a different method of measuring tarsus length, thereby
limiting the potential for comparison and
collaboration. Here, we have demonstrated that
minimum and maximum tarsus measurements are
directly related and that it is possible to convert
reliably between the two metrics, given sufficient data.
There was a high degree of correlation (r > 0.7)
between minimum and maximum tarsus metrics

across all six species included in the current study.
Derived intercept equations supported transformation
between tarsus metrics with no changes in correlation
values and only small differences in actual values; e.g.
for Robin the mean actual minimum tarsus was 25.9
± 0.9 mm and the estimated value 25.87 ± 0.83 mm.

It was not possible to quantify interobserver
variability in this study due to the distribution of the
study sites and to the locations and relative availability
of observers. However, the current study does not aim
to describe the ‘true’ lengths of individual tarsi under
different measuring systems, but the relationships

Figure 2. Bootstrapped Pearson correlations between minimum and maximum tarsus measurements in six passerine species: (a) Blue
Tit; (b) Blackbird; (c) Chaffinch; (d) Coal Tit; (e) Great Tit; (f) Robin. Vertical lines and associated integers represent the mean maximum
changepoint representing a significant difference between preceding and succeeding r values. Changepoints were calculated every 12
iterations. Inset plots show the correlations across all data for each species.
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between tarsus measurements within species. Further,
intra-observer variability was not quantified due to
welfare considerations associated with pre-processing
retention and extended handling times, particularly
during cold weather. However, studies have suggested
that intra-observer error in experienced practitioners is
typically low, including for linear measurements
(Bulakhova et al 2011, Goodenough et al 2012). Hence,
while the measurements described herein are likely to
be subject to interobserver variability, individual
observers may be consistent within themselves in their
measurements of minimum and maximum tarsus for
each individual and species (e.g. Broughton & Clark
2017; though note that substantial errors are still
possible). Nevertheless, we strongly emphasise the
importance of collecting reliable data via training,
individual consistency checks, and verification by
comparison with other ringers. Our results should,
therefore, be taken as conservative estimates.

Synthesising data from contemporary and historical
data sets, e.g. for comparative or meta-analyses, is made
more difficult when the specific tarsus measurement
method (minimum or maximum) is omitted from
publications (e.g. Haywood & Perrins 1992, Riddington
& Gosler 1995, Poissant et al 2016a). While it would
appear reasonable to treat smaller values as minimum
tarsus lengths and larger ones as maximum tarsus
lengths, the current study shows that there is overlap
between the two metrics across a population. As a result,
data available for syntheses and comparisons may be
subject to considerable truncation. For example, the
minimum of the maximum tarsus length in Great Tits
was 19.6 mm while the maximum of the minimum

length was 22.7 mm, giving an overlap of 3.1 mm
between metrics. Applying these thresholds to Great Tit
data from Wytham Woods, where the method of tarsus
measurement was not specified (Poissant et al 2016b; n
= 2081), results in the necessary omission of 298
measurements, or 14.3% of the available data. This issue
may be compounded by the rounding of tarsus
measurements (e.g. to 0.5 mm, Poissant et al 2016a) that
obfuscates fine-scale variation. This could result in the
loss of important information relevant to species-specific
conservation and management, particularly as some
passerine species show morphological changes in
response to climate change (Weeks et al 2020). We
therefore encourage researchers and bird ringers to
record and describe the specific method of tarsus
measurement used in their work, thereby facilitating
further study.

From a purely statistical point of view, neither
minimum nor maximum tarsus measurements are
inherently better than the other in studies of live
birds (for discussions of specimen shrinkage inmuseum
collections, see Bjordal (1983), Jenni & Winkler (1989)
and Winker (1993)). Nevertheless, we have
demonstrated that, with a sufficiently large data set, it is
possible to convert between metrics with minimal
error, thereby facilitating synthesis and comparative
study. Hence, the choice of which method to use is
arguably a matter of personal preference. Given the
additional difficulties inherent in locating the intertarsal
joint, and in smaller species in particular, however, we
reaffirm the direction of the BTO (Redfern & Clark
2001) that ringers collecting passerine tarsus length
measurements should use the maximum tarsus method.
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Appendices

Appendix 1

Mean ± SD of minimum and maximum tarsus measurements, and their Pearson’s correlation coefficients (r), for 28 species of
passerine birds captured during this study. Data are presented separately by EURING age category (Redfern & Clark 2001)

Table A1. Fully grown birds whose year of hatching was completely unknown, and could have been the calendar year of capture:
EURING age code 2.
Common name Scientific name Count Minimum Maximum r

Goldcrest Regulus regulus 1 17.8 0 (–) 19.0 0 (–) –
Greenfinch Chloris chloris 1 18.2 0 (–) 21.3 0 (–) –
Long-tailed Tit Aegithalos caudatus 17 17.22 (± 0.36) 18.91 (± 0.35) 0.61
Sand Martin Riparia riparia 10 10.93 (± 0.49) 13.25 (± 1.10) 0.75

Table A2. Birds that had definitely hatched during the calendar year of capture: EURING age code 3.
Common name Scientific name Count Minimum Maximum r

Blackbird Turdus merula 38 34.34 (± 1.07) 39.05 (± 1.19) 0.92
Blackcap Sylvia atricapilla 7 20.21 (± 0.62) 22.65 (± 0.77) 0.90
Blue Tit Cyanistes caeruleus 97 16.85 (± 0.58) 19.38 (± 0.64) 0.90
Chaffinch Fringilla coelebs 115 18.36 (± 0.58) 21.08 (± 0.66) 0.94
Chiffchaff Phylloscopus collybita 5 19.55 (± 0.86) 21.17 (± 0.85) 1.00
Coal Tit Periparus ater 8 17.15 (± 0.59) 19.44 (± 0.65) 0.98
Dunnock Prunella modularis 3 21.50 (± 0.95) 23.63 (± 1.01) 0.83
Garden Warbler Sylvia borin 3 20.79 (± 0.30) 23.42 (± 0.86) 1.00
Goldcrest Regulus regulus 12 17.03 (± 0.40) 18.36 (± 0.61) 0.93
Goldfinch Carduelis carduelis 1 14.4 0 (–) 16.7 0 (–) –
Great Tit Parus major 86 20.51 (± 0.73) 23.37 (± 0.82) 0.76
Melodious Warbler Hippolais polyglotta 1 19.16 (–) 21.10 (–) –
Pied Flycatcher Ficedula hypoleuca 1 17.33 (–) 18.70 (–) –
Robin Erithacus rubecula 56 25.88 (± 0.67) 28.74 (± 0.73) 0.90
Starling Sturnus vulgaris 1 29.60 (–) 34.20 (–) –
Treecreeper Certhia familiaris 1 16.50 (–) 18.00 (–) –
Willow Tit Poecile montanus 2 16.25 (± 0.07) 18.20 (± 0.28) –
Wren Troglodytes troglodytes 3 17.53 (± 1.19) 20.07 (± 0.87) 1
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Table A4. Birds that had definitely hatched during the calendar year immediately previous to capture: EURING age code 5.
Common name Scientific name Count Minimum Maximum r

Blackbird Turdus merula 22 34.10 (± 0.93) 38.90 (± 1.03) 0.93
Blackcap Sylvia atricapilla 2 20.80 (± 0.71) 24.05 (± 0.64) –
Blue Tit Cyanistes caeruleus 55 16.61 (± 0.66) 18.91 (± 0.82) 0.91
Brambling Fringilla montifringilla 2 19.55 (± 0.21) 21.40 (± 0.57) –
Chaffinch Fringilla coelebs 13 18.25 (± 0.82) 20.85 (± 0.74) 0.63
Coal Tit Periparus ater 42 17.29 (± 0.47) 19.43 (± 0.48) 0.83
Dunnock Prunella modularis 1 21.20 (–) 24.40 (–) –
Goldfinch Carduelis carduelis 4 15.15 (± 0.37) 17.40 (± 0.55) 0.94
Great Tit Parus major 75 20.41 (± 0.71) 23.16 (± 0.78) 0.91
Hawfinch Coccothraustes coccothraustes 10 21.79 (± 1.30) 25.29 (± 1.09) 0.81
Pied Flycatcher Ficedula hypoleuca 12 16.75 (± 0.81) 19.37 (± 0.65) 0.91
Robin Erithacus rubecula 11 25.55 (± 1.57) 28.50 (± 1.35) 0.97
Wren Troglodytes troglodytes 1 18.40 (–) 20.30 (–) –

Table A3. Birds that had hatched earlier than the calendar year of capture, but whose exact year of hatching was unknown: EURING
age code 4.
Common name Scientific name Count Minimum Maximum r

Blackbird Turdus merula 13 34.16 (± 1.17) 39.12 (± 1.02) 0.83
Blackcap Sylvia atricapilla 1 20.60 (–) 23.40 (–) –
Blue Tit Cyanistes caeruleus 27 16.89 (± 0.57) 19.35 (± 0.67) 0.93
Bullfinch Pyrrhula pyrrhula 1 16.40 (–) 19.00 (–) –
Cetti’s Warbler Cettia cetti 1 21.11 (–) 24.04 (–) –
Chaffinch Fringilla coelebs 47 18.17 (± 0.63) 20.77 (± 0.76) 0.93
Chiffchaff Phylloscopus collybita 1 17.40 (–) 19.50 (–) –
Coal Tit Periparus ater 11 17.10 (± 0.43) 19.37 (± 0.61) 0.70
Dunnock Prunella modularis 3 20.67 (± 0.35) 23.43 (± 0.06) 0.82
Garden Warbler Sylvia borin 1 20.44 (–) 23.50 (–) –
Goldfinch Carduelis carduelis 1 14.80 (–) 17.60 (–) –
Great Tit Parus major 62 20.40 (± 0.66) 23.32 (± 0.71) 0.93
Hawfinch Coccothraustes coccothraustes 2 21.90 (± 0.71) 25.45 (± 0.78) –
House Sparrow Passer domesticus 11 18.95 (± 1.06) 21.15 (± 1.10) 0.72
Nuthatch Sitta europaea 9 19.84 (± 0.95) 22.41 (± 0.89) 0.75
Robin Erithacus rubecula 25 25.81 (± 0.83) 28.62 (± 0.91) 0.93
Willow Warbler Phylloscopus trochilus 1 17.98 (–) 20.03 (–) –

Table A5. Birds that had hatched earlier than the calendar year immediately previous to capture, but whose exact year of hatching
was unknown: EURING age code 6.
Common name Scientific name Count Minimum Maximum r

Blackbird Turdus merula 46 34.20 (± 1.16) 39.07 (± 1.13) 0.96
Blackcap Sylvia atricapilla 1 20.30 (–) 22.40 (–) –
Blue Tit Cyanistes caeruleus 41 16.88 (± 0.58) 19.33 (± 0.68) 0.81
Brambling Fringilla montifringilla 1 18.10 (–) 21.30 (–) –
Chaffinch Fringilla coelebs 16 18.11 (± 0.75) 20.78 (± 1.20) 0.83
Coal Tit Periparus ater 45 17.35 (± 0.45) 19.47 (± 0.53) 0.79
Dunnock Prunella modularis 1 22.30 (–) 23.90 (–) –
Goldfinch Carduelis carduelis 13 14.56 (± 0.50) 17.08 (± 0.47) 0.07
Great Tit Parus major 84 20.69 (± 1.10) 23.41 (± 1.02) 0.91
Hawfinch Coccothraustes coccothraustes 24 21.10 (± 0.71) 24.41 (± 0.77) 0.94
Pied Flycatcher Ficedula hypoleuca 15 16.86 (± 0.61) 19.70 (± 0.49) 0.61
Robin Erithacus rubecula 16 25.82 (± 0.91) 28.61 (± 0.91) 0.96
Wren Troglodytes troglodytes 1 17.90 (–) 19.50 (–) –
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Appendix 2

Mean (± standard deviation) minimum and maximum tarsus measurements and correlations thereof for 28 species of passerine
birds according to sex. r = Pearson’s correlation value.

Table A6. Known females, identified via established criteria (e.g. plumage, brood patch in non-cooperative breeding species).
Common name Latin name Count Minimum Maximum r

Blackbird Turdus merula 37 34.02 (± 1.10) 38.78 (± 1.11) 0.95
Blackcap Sylvia atricapilla 1 21.12 (± 0.00) 23.63 (± 0.00) –
Blue Tit Cyanistes caeruleus 46 16.45 (± 0.59) 18.69 (± 0.75) 0.90
Brambling Fringilla montifringilla 2 19.55 (± 0.21) 21.40 (± 0.57) –
Chaffinch Fringilla coelebs 118 18.17 (± 0.59) 20.80 (± 0.76) 0.88
Chiffchaff Phylloscopus collybita 2 19.12 (± 0.59) 20.97 (± 0.50) –
Coal Tit Periparus ater 20 17.38 (± 0.40) 19.29 (± 0.50) 0.73
Goldcrest Regulus regulus 4 16.98 (± 0.25) 18.18 (± 0.13) 0.93
Goldfinch Carduelis carduelis 7 14.41 (± 0.48) 17.07 (± 0.45) 0.37
Greenfinch Carduelis chloris 1 18.20 (± 0.00) 21.30 (± 0.00) –
Great Tit Parus major 148 20.22 (± 0.63) 22.98 (± 0.72) 0.65
Hawfinch Coccothraustes coccothraustes 15 21.93 (± 1.25) 25.60 (± 1.47) 0.89
House Sparrow Passer domesticus 3 18.77 (± 0.84) 20.93 (± 1.12) 0.39
Nuthatch Sitta europaea 3 19.93 (± 1.02) 23.03 (± 0.68) 0.93
Pied Flycatcher Ficedula hypoleuca 27 16.81 (± 0.69) 19.55 (± 0.58) 0.77
Robin Erithcaus rubecula 2 26.30 (± 0.71) 29.30 (± 0.85) –

Table A8. Individuals of unknown sex.
Common name Latin name Count Minimum Maximum r

Blackbird Turdus merula 11 34.52 (± 0.69) 38.93 (± 0.96) 0.95
Blackcap Sylvia atricapilla 3 20.66 (± 0.62) 23.39 (± 1.11) 1.00
Blue Tit Cyanistes caeruleus 137 16.95 (± 0.58) 19.38 (± 0.63) 1.00
Chaffinch Fringilla coelebs 5 18.14 (± 0.22) 20.88 (± 0.26) 0.63
Chiffchaff Phylloscopus collybita 3 19.65 (± 1.34) 20.95 (± 1.34) 1.00
Coal Tit Periparus ater 68 17.21 (± 0.55) 19.51 (± 0.65) 0.93
Dunnock Prunella modularis 7 21.30 (± 0.88) 23.77 (± 0.83) 0.80
Garden Warbler Sylvia borin 4 20.71 (± 0.30) 23.44 (± 0.70) 0.77
Great Tit Parus major 15 20.42 (± 0.74) 23.19 (± 0.93) 0.92
Long-tailed Tit Aegithalos caudatus 17 17.19 (± 0.36) 18.94 (± 0.28) 0.21
Melodious Warbler Hippolais polyglotta 1 19.16 (± 0.00) 21.10 (± 0.00) –
Pied Flycatcher Ficedula hypoleuca 1 17.33 (± 0.00) 18.70 (± 0.00) 0.00
Robin Erithcaus rubecula 100 25.82 (± 0.75) 28.68 (± 0.89) 0.94
Sand Martin Riparia riparia 10 10.93 (± 0.49) 13.25 (± 1.10) 0.75
Starling Sturnus vulgaris 1 29.60 (± 0.00) 34.20 (± 0.00) –
Treecreeper Certhia familiaris 1 16.50 (± 0.00) 18.00 (± 0.00) –
Willow Tit Poecile montanus 2 16.25 (± 0.07) 18.20 (± 0.28) –
Willow Warbler Phylloscopus trochilus 1 17.98 (± 0.00) 20.03 (± 0.00) –
Wren Troglodytes troglodytes 5 18.45 (± 0.98) 20.55 (± 0.61) 1.00

Table A7. Known males, identified established criteria (e.g. plumage, cloacal protuberance).
Common name Latin name Count Minimum Maximum r

Blackbird Turdus merula 71 34.28 (± 1.11) 39.17 (± 1.14) 0.91
Blackcap Sylvia atricapilla 7 20.12 (± 0.49) 22.66 (± 0.76) 0.77
Blue Tit Cyanistes caeruleus 37 17.08 (± 0.56) 19.45 (± 0.66) 0.90
Brambling Fringilla montifringilla 1 18.10 (± 0.00) 21.30 (± 0.00) –
Bullfinch Pyrrhula pyrrhula 1 16.40 (± 0.00) 19.00 (± 0.00) –
Cetti’s Warbler Cettia cetti 1 21.11 (± 0.00) 24.04 (± 0.00) –
Chaffinch Fringilla coelebs 68 18.45 (± 0.59) 21.15 (± 0.65) 0.85
Chiffchaff Phylloscopus collybita 1 20.12 (± 0.00) 21.99 (± 0.00) –
Coal Tit Periparus ater 18 17.58 (± 0.52) 19.52 (± 0.57) 0.83
Dunnock Prunella modularis 1 22.30 (± 0.00) 23.90 (± 0.00) –
Goldcrest Regulus regulus 9 17.14 (± 0.51) 18.51 (± 0.72) 0.94
Goldfinch Carduelis carduelis 12 14.85 (± 0.46) 17.21 (± 0.52) 0.29
Great Tit Parus major 144 20.84 (± 0.91) 23.70 (± 0.83) 0.91
Hawfinch Coccothraustes coccothraustes 21 21.64 (± 1.22) 25.35 (± 1.33) 0.87
House Sparrow Passer domesticus 8 19.03 (± 1.17) 21.24 (± 1.16) 0.78
Nuthatch Sitta europaea 6 19.80 (± 1.09) 22.10 (± 0.75) 0.88
Robin Erithcaus rubecula 6 25.65 (± 2.13) 28.57 (± 1.62) 0.97
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