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Abstract

By analysing the deuterium concentration in the scapulars and rectrices (6°Hy) of breeding and spring migrating
Ortolan Buntings (Emberiza hortulana), we found a high correlation attesting that spring body and central
rectrices have grown in similar isotopic environments. Furthermore, we failed to find a correlation between §%H¢
of the rectrices and the amountweighted growing season precipitation 6°Hj of sites where we captured the birds.
Winter-grown body coverts and rectrices displayed similar probabilistic assignments to origin. Further
examination of 76 tails of breeding birds captured in Finland in May—June confirmed that breeding birds wear
recently moulted central rectrices. The body coverts are known to moult during the winter partial moult in that



species, but the rectrices have been reported to moult only once a year, during the complete post-breeding moult
occurring on the breeding grounds in summer. Here, we reveal the common replacement of the central pair in
winter, as well. The winter tail moult could occur beyond the central pair in some individuals, but this has still to
be confirmed or refuted, by, e.g., further isotopic investigations.
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Zusammenfassung

Stabile Isotope belegen eine verbreitete Wintermauser der mittleren Steuerfedern bei einem langstreckenziehenden
Singvogel

Bei der Analyse der Deuteriumkonzentration (62Hf) in den Schulter- und Steuerfedern von Ortolanen Emberiza hortulana
zur Brutzeit und auf dem Friihjahrszug fanden wir eine starke Korrelation, welche belegt, dass die im Friihling getragenen
Korper- und mittleren Steuerfedern in isotopisch ahnlicher Umgebung gewachsen waren. Des Weiteren fanden wir keine
Korrelation zwischen dem §2Hf-Wert der Steuerfedern und dem nach Menge gewichteten 3°H,-Wert des Niederschlags
waéhrend der Wachstumsperiode an den Orten, an denen die Vogel gefangen wurden. Die im Winter vermauserten
Kdrperdecken und Steuerfedern zeigten dhnliche Zuordnungen zu wahrscheinlichen Herkunftsgebieten. Die weitere
Untersuchung von 76 Steuern von zwischen Mai-Juni in Finnland gefangenen Brutvigeln bestétigte, dass Brutvdgel frisch
vermauserte mittlere Steuerfedern trugen. Es ist bekannt, dass diese Vogelart das Korperdeckgefieder wéhrend der
Winterteilmauser erneuert, allerdings hiel es, dass die Steuerfedern nur einmal jahrlich, wéhrend der
Sommerkomplettmauser im Brutgebiet, gemausert wiirden. Wir belegen hier, dass das mittlere Paar haufig auch im Winter
vermausert wird. Bei manchen Individuen konnte die Steuerfedermauser auler dem mittleren auch weitere Federpaare
umfassen; dies muss aber noch z. B. durch weitere

Isotopenstudien bestétigt oder widerlegt werden.

Introduction

Bird feathers wear and fade and so lose their effectiveness for flight, thermoregulation, protection and
communication (Bridge 2008). Consequently, the renewal of flight (primaries, secondaries, tertials and rectrices)
and body feathers through moult is necessary to maintain their functions and to ensure the future productivity and
survival of the individual (Merild and Hemborg 2000). Songbirds typically renew their flight feathers once each
year, while a very few species renew them twice each year, in a ‘biannual moult’ (Underhill et al. 1992; Kiat et
al. 2018). Body coverts are renewed once or twice per year, the latter strategy being especially common in species
with sexually dimorphic plumages including elaborated ornamental traits during the breeding season (Beltran et
al. 2018).

The annual cycle of migratory songbirds includes breeding, moult and migration, which are all time- and
energyconsuming and typically occur at distinct times of the year. In the Western Palearctic region, all resident
adult and some juvenile passerines moult immediately after breeding by renewing the entire plumage (Kiat et al.
2018). Similarly, all adult short-distance migrants replace their feathers in summer before migration, while some
long-distance migrants undergo a winter moult in the tropics after the autumn migration (Kiat et al. 2018).

Emberizidae buntings include resident, short-distance and long-distance migrant species. Most of these
buntings have a complete post-breeding (summer) moult, resulting in a uniform one-generation plumage in
autumn, and most of them have a partial winter moult, renewing body coverts, tertials and some wing coverts, but
normally no primaries and few rectrices (Demongin 2013). Hence, spring buntings should wear quite old rectrices
grown during the preceding summer, either in the nest for secondcalendar-year birds, or during the post-breeding
moult in older adults. These feathers should be 9-10 months old in May—June. There are some exceptions to this
pattern, such as the Black-headed Bunting E. melanocephala and the Red-headed Bunting E. bruniceps, which
have a partial summer moult and a complete winter moult, both in adults and first-years, resulting in a uniform
one-generation plumage in spring. Some eastern Palaearctic buntings have no partial pre-breeding moult, the
spring coloured plumage being revealed by abrasion of the winter plumage resulting from the post-breeding
complete moult. In this study, we focused on the Ortolan Bunting Emberiza hortulana, a long-distance trans-



Saharan migrant. The Ortolan Bunting has a complete post-breeding moult, so that autumn migrants display an
almost complete new plumage (including primaries, rectrices and body coverts), and a pre-breeding moult
reported as partial (Svensson 1992), so that breeding birds should wear winter-grown body coverts, but older
primaries and rectrices grown during the previous summer. The secondaries can be renewed during the post-
breeding moult, if they are not moulted on the wintering grounds, a pattern called a split moult (Nikolaus and
Pearson 1991). Some authors have reported the optional winter replacement of a few rectrices, often restricted to
the central pair, though the frequency of such a replacement is not known (Jenni and Winkler 1994).

Deuterium concentration in feathers (6?Hs) shows a latitudinal gradient across most continents that is linked to
patterns of 5°H in amount-weighted growing season precipitation (6°Hp; Bowen et al. 2005; Hobson et al. 2012).
By converting an amount-weighted growing season §°H, surface to a ¢°Hs isoscape using a calibration equation
for songbirds (Prochazka et al. 2013), several studies have delineated the probable moulting areas of sampled
populations (Royle and Rubenstein 2004; Hobson and Wassenaar 2018). Such probabilistic assignments have
been previously published for Ortolan Buntings (Jiguet et al. 2019).

By analyzing ¢6%Hs values in Ortolan Buntings, we sought to establish a species-specific calibration equation
between §°H; and §°Hp, and to possibly contrast this relationship with that established for other European
passerines (e.g., Prochazka et al. 2013). As, in Europe, §°H, has a neat latitudinal structure (Bowen et al. 2005),
we expected §2Hr measures for rectrices to correlate either with the latitude or with the growing season §?H, or
the mean annual 6%H, of the site where we collected the feathers. If not, a first hypothesis could be that rectrices
have effectively grown on the breeding grounds the previous year, but natal and breeding dispersal are so high
that there is no correlation in §°H, of sites occupied in two consecutive years. This is, however, highly improbable
given the high interannual site fidelity of territorial males (Dale 2001, 2016) and the genetic isolation of northern
European populations (Moussy et al. 2018). If the correlations are confirmed, the alternative hypothesis is that the
rectrices have grown on the wintering grounds, as did the body coverts (Jiguet et al. 2019). To confirm this, we
further compared 6°Hs values of tail and body feathers for a set of breeding males and of spring migrating adults
of both sexes. We also compared the probabilistic assignments to the origin of the body coverts and tail feathers
for individuals captured along the eastern flyway during the spring migration. We finally examined photographs
of a large set of breeding birds from Finland to confirm this pattern and we discuss the possible extent of the
winter tail moult.

Methods
Feather sampling

We obtained one rectrix and several scapular coverts from males (n = 74) breeding at various sites distributed
across eight countries in Europe. Sampling sites are depicted in Fig. 1: Catalonia-Spain (n = 6), Serbia (6),
southern France

(5), western France (4), Alpine France (2), eastern Poland (1), western Poland (3), Lithuania (6), Belarus (7),
Belgorod-Russia (6), Volgograd-Russia (6), Vladimir-Russia (6), southwestern Finland (8), eastern Finland (3)
and northern Finland (5). From each bird, we sampled one of the two central rectrices (R1), except in Spain where
we collected one outermost rectrix (R6). We also collected one central rectrix and 4-6 scapulars from migrant
individuals (males and females) captured and ringed in Kuwait (n = 45) and Israel (n = 10) in spring (April 2015).

Hydrogen isotopic measurements

Feathers were cleaned in 2:1 chloroform:methanol solvent rinse and prepared for §2H analysis at the Stable Isotope
Laboratory of Environment Canada, Saskatoon, Canada. The §2H value of the non-exchangeable hydrogen of the
feathers was determined using the comparative equilibration method using CBS and KHS reference materials
(Wassenaar and Hobson 2003). We performed hydrogen isotopic measurements on H; gas derived from high-
temperature (1350 °C) flash pyrolysis (Eurovector 3000; Milan, Italy) of 350 £ 10 pg feather subsamples and



keratin standards loaded into silver capsules. We analyzed the resultant separated H; on an interfaced Isoprime
(Crewe, UK) continuous-flow isotope-ratio mass spectrometer. Measurements of the two keratin laboratory
reference materials corrected for linear instrumental drift were both accurate and precise with typical within-run
mean §2H = SD values of — 197 + 0.79% (n = 5) for CBS and — 54.1 = 0.33% (n = 5) for KHS. We reported all
results for non-exchangeable H expressed in the typical delta notation, in units of per ml (%o), and normalized on
the Vienna Standard Mean Ocean Water—Standard Light Antarctic Precipitation (VSMOW-SLAP) standard
scale.

Statistical analyses

We performed linear models to estimate the Pearson’s correlation coefficient between (1) 6°Hs values in rectrices
and the latitude, the growing season §°Hp and the mean annual 6%Hj of the sites where the feathers were sampled
(for breeding birds, n = 74), and (2) the 6°H¢ values of body coverts, first separately for individuals sampled on
breeding sites and for individuals sampled in spring along the migration flyway in Kuwait and Israel. and second
merging both datasets (n = 129). Very few single samples were obvious outliers within the dataset, probably
because a sampled feather had a particular history, likely it had grown at an unusual site following accidental loss
and replacement. Data points with large residuals (outliers) and/or high leverage may distort the outcome and
accuracy of a regression. In such conditions, Cook’s distance (CD) measures the effect of deleting a given
observation, while points with a large CD merit closer examination in an analysis (Cook 1977). To check for the
effect of such samples on the correlations studied here, we estimated the CD for each sample, and reran the linear
models after excluding samples with CD values above a cut-off value. Since Cook’s distance is in the metric of
an F distribution with p and (n — p) degrees of freedom, the median point, i.e., F 0.5 (p, n — p) can be used as a
cut-off. Since this value is close to 1 for large n, a simple operational guideline of DC > 1 can be retained (Bollen
and Jackman 1990). Van der Meer et al. (2010) proposed 4/n (where n is the sample size) as the cut-off value to
identify the most influential data points, to be examined as being potential outliers. We therefore retained these
two cut-off values (1 and 4/n) to test for the robustness of the detected correlation to the exclusion of the most
influential data points hence potential outliers.
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Fig. 1 Values of 6?H in rectrices of 74 Ortolan Buntings Emberiza hortulana captured in Europe (Belarus, France, Lithuania, Poland,
Russia, Serbia, Spain) during the breeding season (May—June) according to the growing season average precipitation 6°Hp of the
capture site. Inset isoscape showing the distribution of the growing season average precipitation §?H across Europe (from Marquiss
etal. 2012). Black dots are sites where feathers were sampled



Probabilistic assignment to origins of winter moulted feathers

We used a spatially-explicit likelihood assignment method to delineate probable African origins for the feathers
sampled on spring migrants captured in Kuwait and Israel (n = 55). We converted an amount-weighted growing
season precipitation surface (Bowen et al. 2005) to a feather isoscape using a calibration equation developed for
Eurasian Reed Warblers (Acrocephalus scirpaceus; §2Hr = — 10.29 + 1.28* §°Hp) (Prochazka et al. 2013). The
residual standard deviation (SD = 10.36%) from the linear regression model used to calibrate the precipitation
surface for Eurasian Reed Warbler feathers was included in the assignments as an estimate of error. We performed
assignments to origin to the known fill range of the species, including the breeding and the wintering ranges, then
to only the winter range of the populations using the eastern flyway (Jiguet et al. 2019). We obtained the digital
distribution map of Ortolan Buntings from BirdLife International (2018). We used an odds ratio of 2:1 to assign
each feather sample to potential origin where cells in the isoscape in the upper 67% of probabilities were
considered as likely (1) origins and all others were considered unlikely (0). Assignments resulted in a spatially
explicit binary surface for individual birds, which we subsequently summed across assignments for all individuals
within a group to represent potential origins for that group. For each pixel in the assignment raster, the presented
value is the probability obtained for a pixel divided by the maximum probability obtained for a pixel, so range
from 0 to 1. We finally estimated the correlation coefficient between proportions obtained for the body coverts
and for the rectrices across all pixels of the East African winter range, forcing the intercept to equal zero.

Photograph examination of tails

We visually assessed a large set of photos of tails of breeding Ortolan Buntings from Finland, to detect possible
moult contrasts in rectrices. We had photographs for 71 breeding individuals (mostly of males but including also
females, with five individuals photographed in 2 years, so 76 tails x year for 71 individuals) taken at various sites
in Finland in May or June from 2011 to 2018. We recorded the state of the central pair of rectrices, as being fresh
or relatively fresh, or abraded to highly abraded. We also reported the frequency of heavily worn and abraded
tails, and of apparently fresh tails with unobvious moult contrasts—these are the two extreme states along a
gradient of tail wear and abrasion. Hereafter, R1 designates the central rectrix and R6 the outermost, either on the
right or left side of the tail (see Fig. 4 for examples).

Results

The 6%H¢ values measured in rectrices of breeding Ortolan Buntings (n = 74) did not correlate either with the
latitude (r = 0.095, P > 0.2; Fig. S1) or with the growing season ¢°H, (r = 0.030, P > 0.5; Fig. 1) or mean annual
&?Hp (r = 0.044, P > 0.5; Fig. S1) where we collected the feathers. The 6°H values measured in body coverts of
the same birds also did not correlate with the growing season 6°H, (r =0.186, P > 0.1; Fig. S1). However, rectrices
and body coverts taken on the same males captured on their breeding territories across Europe had similar 62Hs
values and
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Fig. 2 Values of 6°H in feathers of 74 Ortolan Buntings captured in Europe (Belarus, Finland, France, Lithuania, Poland, Russia,
Serbia, Spain) during the breeding season (May—June), in rectrices (y-axis) and body coverts (x-axis). Black crosses sampled outermost
rectrices of Spanish birds, open red dots outliers identified by Cook’s distances
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Fig. 3 Values of 5°H in feathers of 45 Ortolan Buntings captured in Kuwait in April 2015 during the spring migration, in rectrices (y-
axis) and body coverts (x-axis). Open red dots outliers identified by Cook’s distances

significant correlation (n = 74, r = 0.67, P < 0.001; Fig. 2). In this dataset, no sample had a CD value > 1. If
excluding the two samples with CD values > 4/n, the correlation coefficient increased to 0.83 (n = 72). Note that
there are some substantial variations in 6°H¢ values within the sample of breeding birds, as the wintering grounds
are widespread across the Sahel in western and eastern Africa, including substantial variations in §°H, (see
Gutiérrez-Exposito et al. 2015). Variations of ¢°Hs values are more restricted for the spring samples obtained in
Kuwait and Israel, as they most likely concern migrants coming back from the wintering grounds in eastern Africa
only.

For the buntings captured in Kuwait and Israel during the spring migration, we found a similar positive
correlation between body coverts and rectrices (r = 0.67, n = 55, P < 0.001; Fig. 3). Only one sample had a CD
value > 1, and, after excluding it, Pearson’s correlation coefficient was 0.77 (n = 54). When the five influential
points with CD values over 4/n were excluded, the correlation coefficient was 0.80 (n = 51). The values of
probabilistic assignments to origin obtained across the East African winter range were also significantly correlated
between body coverts and central rectrices across all pixels (y = 0.998x, n = 333 pixels; r = 0.62, P < 0.001). The
probability assignment maps obtained for the body coverts and the rectrices for the whole species range and
restricted to the East African wintering range are illustrated in Fig. 4.
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range (left) or when restricting the assignment to the East African winter range (right). Values are scaled to range from 0 to 1, as raw
probabilities divided by the maximum value obtained for a pixel

Merging the two previous datasets (breeding and migrating birds), the correlation coefficient was r = 0.76 (n =
129, P < 0.001), and when the three samples with a CD value > 1 were excluded, r = 0.86 (n = 126). Running a
general linear model predicting feather °H in body coverts by §°H in rectrices for this subset of 126 samples, we
obtained the following parameter estimates and associated confidence intervals (2.5-97.5%): intercept — 7.31 +
1.98% (— 11.18 to — 3.43%), slope 0.95 + 0.06 (0.83-1.07). The intercept was significantly different from zero
but the slope was not different from one, signaling equal values of §°H in body and rectrices once adjusted to the
intercept. For the intercept, the upper limit of the confidence interval (— 3.43%) is close to previously reported
measurement errors in keratin control reference (SD of + 3.3% in Hobson et al. 2012; measurement error of 3%o
in Gutiérrez-Exposito et al. 2015).

Among the 76 tails of breeding Ortolan Buntings which we examined from photos, seven displayed obvious
moult contrasts due to ongoing active moult, corresponding to: actively growing R1 and/or R2 on one side of the
tail (n =5); actively growing R1 to R6 on one side (one half of the tail made of growing feathers all similar length,
n = 1); recently renewed R5 on the right side (n = 1). These patterns most probably correspond to the replacement
of accidentally lost rectrices, given their asymmetry and timing. Four tails displayed one (n = 1) or two old and
highly abraded central rectrices, representing 5% of the sample. All other tails have relatively fresh central



rectrices, and 15 of them seem to be composed of relatively unworn other feathers on whole tail (R2-6),
representing 20% of the sample, and including both second calendar year and older individuals (Fig. 5).

Fig. 5 Tails of adult breeding Ortolan Buntings Emberiza hortulana captured during the spring in Finland. Upper left +2cy captured
31 May 2017, with renewed central rectrices and relatively fresh other rectrices. Upper right 2cy captured 11 May 2017, heavily
worn rectrices, either all first-generation unmoulted feathers, or winter moulted central rectrices with unusual heavy wear. Lower
left individual captured 5 June 2014; central rectrices browner but not heavily abraded, so have been moulted in winter; other
rectrices moderately worn, but obviously less abraded than primaries; such worn primaries should sign a 2cy, but R2-6 have adult-
type rounded tips, and outer primary coverts were not typically pointed; if this bird is a 2cy, the whole tail has been moulted in
winter. Lower right captured 22 May 2016, post-breeding rectrices but renewed left central rectrix; age unknown



Discussion

Stable isotopes may provide interesting results when studying moult strategies, but are still used infrequently (but
see Neto et al. 2006; Inger and Bearhop 2008). Here, while analysing measures of deuterium concentrations in
the feathers of Ortolan Buntings, we found that all individuals moulted their central rectrices in winter. Indeed,
the lack of relationship between mean growing season §°H values in precipitation and §°H values in rectrices
collected in spring suggests that these feathers were not grown on their breeding grounds the year before. Ortolan
Buntings replace the body coverts twice each year: during the post-breeding moult on the breeding grounds and
during the pre-breeding moult on the wintering grounds. Indeed, the analysis of 6°H values in scapulars allowed
the determination of the wintering grounds of European breeding Ortolan Buntings (Jiguet et al. 2019). For the
males studied here, we compared the 6%H values in tail and body feathers collected simultaneously in spring on
breeding grounds, and discovered that these two values were highly correlated (Fig. 2). This holds also true for a
set of 55 individuals of unknown sex sampled in the Middle East in April during their spring migration (Fig. 3)
between their wintering grounds on the Ethiopian highlands and their breeding grounds in Eastern Europe (Jiguet
et al. 2019). For these Middle Eastern spring migrants, we also found similar probabilistic assignments to origins
for the two types of feathers. Merging the two datasets, we obtained a proportion coefficient not different from
one, meaning that the 6°H values in these two types of feathers are similar; hence the feathers should have grown
in isotopically similar environments, evidently on the African wintering grounds. This can be considered as the
general rule, as we found only three potential outliers within the sample of 129 spring individuals originating from
varied European populations using either the western (from northern, central and western Europe to western
Africa) or the eastern flyway (from eastern Europe and southern Russia to eastern Africa) (Jiguet et al. 2019). The
generality of this rule is further confirmed by the high proportion (95%) of Finnish breeding birds having recently
renewed central rectrices in May—June.

The Ortolan Bunting was considered noteworthy for replacing all or part of the secondaries on the wintering
grounds (Nikolaus and Pearson 1991; Hedenstrom et al. 1992), a split moult pattern shared by only a few
Palearctic songbirds (Kiat et al. 2018), such as the Barred Warbler Sylvia nisoria (Lindstrom et al. 1993).
According to our results, the Ortolan Bunting would also be noteworthy for commonly replacing central rectrices
during the pre-breeding moult on the wintering grounds, regardless of their age or origin. As these rectrices are
also replaced during the post-breeding moult, the Ortolan Bunting displays a biannual moult of central rectrices.

The scheduling of moult is essentially the result of tradeoffs between having high feather quality during
breeding, migration or the non-breeding period (Holmgren and Hedenstrom 1995). A high impact of feather
quality on survival rate in combination with relatively low costs of moult can result in an advantage to develop a
biannual moult (Holmgren and Hedenstrom 1995). Winter food abundance can further limit the extent and timing
of the pre-breeding moult (Barta et al. 2006, 2008; Danner et al. 2015). The Ortolan Bunting is one of the few
trans-Saharan migrant buntings in Europe, which forages on ground in open, hot and sunny regions in winter, at
locations where daylight temperatures regularly reach 40-45 °C (unpublished data from light loggers). Rectrix
wear and bleaching probably occurs extensively there during winter, especially for the central pair which is
exposed continuously to sunlight. The biannual moult of the central rectrices is probably necessary to ensure that
other rectrices are protected from wear and bleaching during the winter, so that the spring migration journey are
performed with a totally functional tail rudder. Other longdistance migrant ground-foraging buntings
(Cretzschmar’s E. caesia and Cinereous Buntings E. cineracea) winter in hot and dry parts of Africa, e.g., along
southern Red Sea coasts, and probably also moult central rectrices in winter. In Europe, more sedentary buntings
do not moult central rectrices in winter, even during the first-year, such as Cirl E. cirlus and Rock Buntings E. cia
(Demongin 2013).

Cramp and Perrins (1994) reported that the first prebreeding moult for 2nd calendar year Ortolan Buntings can
include a variable number of greater coverts and rectrices. However, the isotopic analyses presented here indicated
that all Ortolan Buntings, whatever their age, renew central rectrices in winter. Within the few exceptions (e.g.,
old worn unmoulted central rectrices) detected visually among tails of Finnish breeding birds, all could be aged
as second calendar years owing to the pointed pattern of outer primary coverts, of retained first generation rectrices
and heavily abraded primaries. As most samples studied here concern central rectrices, we provide isotopic



evidence that at least these central rectrices have grown on the African moulting grounds before the spring
migration. A partial winter renewal of rectrices is indeed a common strategy in songbirds wintering in subSaharan
and tropical Africa (Kiat et al. 2018). The extent of this pre-breeding tail moult in Ortolan Buntings might,
however, probably be larger, a hypothesis supported by several observations. First, all six birds from Spain, for
which we sampled outermost and not central rectrices, fit the isotopic pattern of all other individuals (see crossed
dots in Fig. 2). However, this should be compared to ¢°Hs values of feathers grown in Spain, which could be
similar. Second, some of the Finnish breeding birds had a complete set of relatively fresh rectrices (20% of the
sample), which could be well-preserved ca. 9 month old feathers, or possibly winter moulted feathers. To further
test if the winter tail moult could extend beyond the central rectrices, further isotopic analyses are needed. Kiat et
al. (2018) also report the existence of two moult periods in some species while in subSaharan Africa: one in
autumn in northern Sahel, and one in late winter on the wintering grounds. It is possible that, in Ortolan Buntings,
some individuals moult the rectrices in the early period and others just prior to the spring return migration. This
could cause some variation in feather abrasion and wear, as observed in spring (see Fig. 4), although other
environmental or internal factors could lead to such variable abrasion.

Jenni and Winkler (1994) are the only authors who have reported details of a pre-breeding moult of rectrices
for 13 Ortolan Buntings. Eight of them had all same-generation feathers, suspected to be old unmoulted (n = 7)
or recently moulted (n = 1) feathers. Furthermore, they reported that four moulted the central pair and one moulted
the two central and the two outermost pairs of rectrices. Within this sample, less than half of the birds are reported
to have renewed the central rectrices in winter. This pattern was in line with the previously published elements on
an optional replacement of central rectrices in winter (Cramp and Perrins 1994), which optionality is challenged
here by isotopic analyses. This illustrates the potential contribution of isotopic analyses to the understanding of
moult timing in migrant birds that we do not catch frequently during a large part of the year, when they winter in
remote African habitats (Neto et al. 2006). This also illustrates the difficulty to detect this common moult by
visual inspection only, and the interest in relying on isotopic analyses.
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