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Origins of Nearctic migratory
landbird vagrants recorded in
Europe revealed by feather isotopic
analysis
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Understanding the occurrence of vagrant individuals away from their usual distribution range can

shed light on animal navigation systems. In autumn, migratory Nearctic landbirds often occur as

far as Western Europe, and while the link between these occurrences and wind conditions over the
Atlantic Ocean is largely established, the drivers and natal origins of these transatlantic vagrants
remain elusive. We conducted feather hydrogen isotopic (62Hf) analyses from 72 Nearctic individuals
representing 26 landbird species captured in the Azores (Portugal), Iceland and France over the

last century to infer their likely origins. While potential origins of several individuals came from
northeastern Nearctic populations (e.g., Blackpoll Warbler, Northern Parula), we also found that

some individuals likely originated from northwestern (e.g., American Redstart, Gray-cheeked Thrush)
or southern (Yellow-billed Cuckoo) populations. Our results confirm that northeastern populations
migrating along the coast or undertaking over-water flights are more likely to be displaced. However,
they also show that even northwestern populations migrating southeast towards the eastern coast of
North America have the potential to be displaced across the Atlantic Ocean. Further research is needed
to fully understand the drivers of these transatlantic vagrancy events and to determine whether wind is
the only factor that can push migratory individuals off their intended course. Overall, this study sheds
light on the broad geographic origins of transoceanic vagrants and the potential implications for the
colonization of new regions.
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Due to the broadscale geographic movements and the distances they can travel to and from their breeding
and non-breeding grounds"?, migratory birds have fascinated mankind since ancient times®. Among these
movements, the appearance of individuals far from their usual distributional ranges, a phenomenon called
vagrancy?, still amazes both scientists and amateur ornithologists’~. Because instances of vagrancy are rare,
the study of this phenomenon remains complex and relatively little investigated. Yet, evidence is mounting
that vagrancy of migratory birds, like other rare events'®!!, can have important ecological and evolutionary
consequences and that their study could contribute to our understanding of the neuro- physiological bases and
heritability of animal navigation®!2.
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Transoceanic movements represent among the most spectacular cases of vagrancy'*~!° and can even, in rare

cases, lead to the colonization of new territories'®, and ultimately to the evolution of new species'’. Several
factors can contribute to vagrancy and while both external and internal drivers can explain why individuals
move beyond the typical distribution of their species (see®), weather conditions and especially strong winds
associated with rapid movements of warm and moist air masses seem to be the key to such successful
transoceanic crossings'®. Birds choose optimal wind conditions to initiate their migratory flights'®-*! but how
migrants react when encountering unfavorable wind conditions (e.g., opposite or crosswinds) remains a complex
question?*~2*, When travelling along coasts, migrating birds can be drifted offshore by strong crosswinds. In such
circumstances, they can (1) try to head back towards land via an energy-intensive struggle against the wind;
(2) attempt to compensate for the wind drift and maintain the desired heading; (3) continue to fly towards the
desired heading without compensating for drift; or (4) fly in the direction the wind is blowing (i.e., downwind)”.
The time spent flying above water, the strength of the wind, energy reserves, and the fact that certain species are
more inclined to accept wind drift will all have a combined influence on the probability that an individual will
follow the wind direction if confronted with adverse winds*>*°. But beyond changing their heading, the strength
and direction of the winds can also influence the success of long-distance crossings. Strong winds can push
individuals into higher flight speeds, enabling them to travel distances that would likely be impossible under
normal circumstances®.

In North America, hundreds of millions of birds of numerous migratory species move southwards in autumn
after the breeding period along the eastern Atlantic seaboard?”’. Among these, some species reach non-breeding
grounds in the Caribbean, Central or South America by completing a long uninterrupted flight over the Atlantic
Ocean (up to 2500 km for the Blackpoll Warbler Setophaga striata®®, see?), while others follow the coast in a
series of southward movements®*-32. Such individuals hence face prevailing westerly winds that commonly flow
at mid-latitude regions during the autumn season®®. Every autumn, several individuals of different species of
North American landbirds are observed on islands in the Atlantic Ocean and in continental Europe, thousands
of kilometers away from their usual breeding range, and their occurrence there has been attributed to favorable
wind conditions (e.g.,>*~*%). For these transoceanic movements to occur, several climatic elements must occur
simultaneously including the departure of migrants heading south and/or east (associated with changes in
atmospheric pressure, tailwinds, and clear skies; see’!) and the occurrence of a storm including hurricanes, which
commonly move north along the coastline from the Caribbean. We might expect that a massive departure of
migrants would lead to a greater likelihood of entrainment across the ocean, but even a smaller number of
individuals encountering the right set of conditions could still result in these transoceanic movements. In both
circumstances, birds that have been travelling for several hours above the water, near or along the coast may be
transported northeast across the Atlantic Ocean by strong westerly winds (see'® for a comprehensive analysis
of the unprecedented arrival of American vagrants to the British Isles in September 2023 and see also’ about
ship-assistance).

Transoceanic wind-driven vagrancy is therefore expected to be more common in populations which
routinely perform over-water flights or closely follow coastlines during migration and hence intersect with
prevailing offshore winds***°. In this study, we analyzed hydrogen stable isotopes of feathers (§°H,) sampled
from 72 individuals of 26 North American landbird species from live captures and museum specimens between
1936 and 2023 in the Azores (Portugal), Iceland and France (see details in Fig. 1) and estimated the probabilistic
origins of feather growth. All the species sampled have broad breeding ranges in North America including
populations on the East Coast, therefore we expected to find that most, if not all, individuals would originate
from northeastern populations. Eastern populations breeding in areas north of 45 degrees of latitude are indeed
closer to the transoceanic sites where the birds were sampled, and the species mostly take long flights over water
during part of their autumn migration. This means they are more likely to encounter adverse wind conditions,
without any possibility to land on the continent, thus being displaced across the Atlantic with a shorter distance
to cover to reach the Azores, Iceland or Western Europe. Finally, because it has been suggested that misoriented
individuals (i.e., those heading in a certain direction but with inaccurate orientation or directional perception,
see?) are more likely to come from areas of higher species density*!, we have also investigated for each species
whether those individuals sampled in Europe originated from Nearctic breeding areas of relatively higher
abundance.

Material and methods

Samples

Feather samples were taken from birds that were captured in the wild and from museum specimens (some
of the birds were captured alive to integrate public museum collections or found dead and then deposited in
museum collections). The proportion of samples collected from birds captured compared to samples collected
from museum specimens varied according to locality and species. In the Azores (Portugal), of the 17 samples
used, four came from museum specimens while the others were collected during standard ringing activities. In
Iceland, the 48 samples came from specimens of the Icelandic Institute of Nature Research (formerly known as
the Icelandic Institute of Natural History) collection. In France, of the seven samples used, one came from ringing
activity and the other six from museum specimens. During ringing activities, birds were captured with mist nets
and song playback (see** for details). They were marked with a metal ring (mandatory), measured, sampled
and released after ca. 5 min of handling (in accordance with ARRIVE guidelines, https://arriveguidelines.org).
Body coverts were collected from ringed individuals, and undertail and/or uppertail coverts were collected from
museum specimens. After sampling feathers were stored as dry material in envelopes. All sampled individuals
were juvenile (first calendar year) individuals, meaning that the feathers collected were grown at natal sites. We
do not expect these individuals to molt any feathers during migration, except in the case of accidental molt due
to predation, which could be noticeable if it occurs on flight feathers. Birds were captured and handled with
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Fig. 1. Origin of the feather samples analyzed in this study. 72 samples from 26 North American landbird
species were collected between 1936 and 2023 in the Azores (Portugal), Iceland and France. Pictures: Yellow-
billed Cuckoo and Red-eyed Vireo by Vincent Legrand; Yellow-rumped Warbler and Northern Parula by
David Monticelli.

permission from the respective national ringing authorities of France (MNHN-CRBPO) and Portugal (CEMPA-
ICNE, references 247/2018 & 260/2019). Mist-netting operations and feather collection in the Azores (Portugal)
were conducted under permits delivered by the Regional Secretariat of Environment and Climate Change
(permits no. 102/2018/DRA, 84/2019/DRA, 109/2020/DRA, 94/2022/DRAAC) and internationally recognized
compliance certificates issued by the Regional Direction of Science and Technology (IRCC no. 56/2018/DRCT,
47/2019/DRCT, 10/2020/DRCT, 56/2021/DRCT, 60/2022/DRCT).

In total, we obtained feather samples of 72 individuals of 26 species including one species of Caprimulgiformes
(Common Nighthawk Chordeiles minor), two species of Cuculiformes (Yellow-billed Cuckoo Coccyzus
americanus and Black-billed Cuckoo Coccyzus erythropthalmus) and 23 species of Passeriformes (songbirds; see
Fig. 1). On average, we sampled 2.5 individuals per species, with many having only a single individual. The species
with the most samples were Yellow-billed Cuckoo (n=10), Red-eyed Vireo (Vireo olivaceus; n=6), Blackpoll
Warbler (n=6), Gray-cheeked Thrush (Catharus minimus; n=>5), Northern Parula (Setophaga americana; n=5)
and Yellow-rumped Warbler (Setophaga coronata; n=5; see Fig. 1).

Stable isotope analyses

Feathers were cleaned in a 2:1 chloroform:methanol solvent, dried in a fume hood, and subsamples were weighed
out for 8°H analysis at the Environment & Climate Change Canada Stable Isotope Hydrology and Ecology
Laboratory, Saskatoon, Saskatchewan, Canada. The 8%H of the non-exchangeable hydrogen of feathers was
determined using the method described by*? based on two calibrated keratin §?H reference materials (CBS: — 197
%o, KHS: — 54.1 %o). We performed hydrogen isotopic measurements on H, gas derived from high-temperature
(1350 °C) flash pyrolysis on glassy carbon (Eurovector 3000; Milan, Italy) of 350+ 10 ug feather subsamples and
keratin standards loaded into silver capsules. Resultant separated H, was analyzed on an interfaced Thermo
Delta V Plus continuous-flow isotope-ratio mass spectrometer (Bremen, Germany). Measurement of the two
keratin laboratory reference materials corrected for linear instrumental drift were both accurate and precise
with typical within-run measurement error <2 %o. All results are reported for non-exchangeable H expressed in
the typical delta notation, in units of per mil (%o), and normalized on the Vienna Standard Mean Ocean Water—
Standard Light Antarctic Precipitation (VSMOW-SLAP) standard scale. Note that three samples (see details in
Supplementary Information) were analyzed at the « Ecologie Isotopique » platform of the LEHNA (Université
Claude Bernard Lyon 1, France), using high temperature (1450 °C) pyrolysis on glassy carbon (VarioPyrocube,
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Elementar GmbH, Langenselbold, Germany) coupled in continuous flow to an Isoprime (Elementar UK Ltd,
Cheadle Hulme, UK) isotope-ratio mass spectrometer.

Probabilistic assignments to origin

We performed Bayesian geographic assignments to estimate the origin of American landbirds caught in the
Western Palearctic based on feather §2H (6?H,) values using the assignR package*’. To calibrate our precipitation-
feather isoscape, we used growing season precipitation isoscape rasters downloaded from waterisotopes.org at
5 arc-minute resolution*#*> and the isotopic composition of feathers collected on breeding birds from known
locations and analyzed in previous studies*®~*%, The package assignR includes a database from known origin
samples that we first filtered for landbird species breeding in North America before separating them into two
categories: one for long-distance migratory canopy- and one for long-distance migratory ground-foraging species
(according to*® and Birds of the World; lists can be found in Supplementary Information). This categorization is
based on the methods of previous studies, which expected that trophic position could influence §H values?®:47.
Specifically, canopy-foraging species are likely to have higher §2H values due to the direct incorporation of
enriched leaf water, while ground-foraging species would have §?H values closer to the local precipitation or
groundwater signature. After filtering, the reference samples used in this study came from three publications
on the use of isotope measurements for tracking avian movements in North America’®*%, We produced
two calibrated, group-specific isoscapes to perform the assignments analyses following the assignR package
guidelines (the calibration equations used for the assignments can be found in Supplementary Information).
Then, for each species, we used the breeding distribution from* to filter the geographic assignments with
the raster package®. For each species, we thus estimated the likely origin of each individual by extracting the
geographic cell coordinates with different levels (10%, 25%, 50%) of posterior probability.

Statistical analyses

Our first aim was to investigate whether transatlantic vagrants originate from a specific area within the respective
species’ breeding distribution, expecting to find that most individuals derive from their northeastern populations.
To achieve this, we first compared, for each individual, the latitudinal and longitudinal distribution of posterior
probability values of Bayesian geographic assignments against a null model, which included a random selection
of geographic grid cells from within the species’ range. We tested different posterior probability thresholds to
assess how much of the study area is represented in the assignment region and to evaluate the uncertainty of
our assignments. We used and compared three different threshold values (10%, 25%, 50%), meaning that the
assignment maps displayed the top 10%, 25%, or 50% of grid cells with the highest posterior probability. For the
null model, we randomly sampled the same number of grid cells as identified by the probabilistic assignment
method. We then compared the median latitude and longitude origin of each individual with the null model.

Since a species’ abundance is not uniform across the breeding range®', and given that a linear relationship
between the number of individuals and the number of potential vagrants is logically expected (even if it has
never been formally proved), we then repeated the same analysis by correcting the distribution of each species
for breeding abundance. To do so, we first downloaded mean eBird abundance maps® using the seasonal raster
estimates in the ebirdst package™ at a 27 x 27 km resolution for the breeding distribution, rescaling abundance
values between 0 and 1. Then, we created a null model, which included a random selection of geographic grid cells
from the species’ range with a probability of sampling based on abundance values (extracting the same number
of cells). We compared the same threshold values of posterior probability origin (10%, 25%, 50%) and compared
the median latitude and longitude origin of each individual with this null, abundance-weighted, model. Because
our sampling included both recent and historic samples, we tested if the estimated origins varied as a function of
the age of the sample. To do so, we used the results with the 10% highest posterior probability origin and fitted
four different linear mixed-effects models (for latitude, longitude, distance between the probable latitudinal and
longitudinal origin and the current area of highest abundance) with species as a random effect using the Ime4
package™.

Our second aim was to test whether transatlantic vagrants sampled in Europe come from breeding areas
of relatively higher abundance. Using the same eBird abundance maps rescaled between 0 and 1, we extracted
abundance values in cells that were ranked in the same threshold values of probability of origin (10%, 25%, 50%).
We then compared these values with abundance estimates of randomly selected values within the breeding range
of the species (extracting the same number of cells). We compared the difference between the median of the
distribution of abundance values from the top probability cells based on the assignment using isotope values and
the median of the distribution of randomly selected values based on the species’ breeding range. We summarized
the information for each species by averaging the differences (of the medians) of all individuals to estimate the
proportion of species which individuals come from areas of greater or lower abundances. As abundance data
were not available for years corresponding to our earliest samples, we used seasonal raster estimates for the year
2022. We acknowledge that these abundance values may have changed considerably, given that some of the
individuals analyzed were caught more than 50 years ago. However, we believe that this bias may be limited, as
we mainly analyzed several individuals of the same species caught several years apart, we considered average
species patterns, and we assumed that relative abundance remained generally static over broad geographic areas
of the breeding ranges over that time period.

Results

The geographic origin of the Nearctic landbirds captured and sampled at three European sites were more
variable than expected (Fig. 2). By comparing with the median distribution of the species, corrected or not for
abundance, we indeed found individuals coming from populations located in the northeast, in the south or in
the northwest of the species’ distribution (Figs. 2, 3).
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Fig. 2. Inter- and intraspecific variability in the probabilistic assignments to origin of some transatlantic
vagrants. Each map represents the breeding distribution of one species (depicted in light yellow) and the likely
origin of all individuals (colored dots) of the species. Each dot represents the median latitude and longitude of
the cells appearing in the top 10% of grid cells with the highest posterior probability of origin, the bars indicate
the standard-deviation (see Figure S2 for other values). The probability map of origin of all individuals can be
found in Figure S1. Note that x 03 (Hermit Thrush Catharus guttatus) was not displayed as cells with the 10%
highest posterior probability were outside of the range of the species. Pictures: American Redstart by Adrian
Jordi; Yellow-billed Cuckoo and Red-eyed Vireo by Vincent Legrand; Gray-cheeked Thrush by Matthieu Bally;
Blackpoll Warbler and Hermit Thrush by David Monticelli.

We found that 17 individuals (24%) of 9 different species likely came from the eastern part of the species
distribution, considering that their origin were estimated as at least 10 degrees east of the median distribution
of the species (abundance-weighted; Fig. 3). This was particularly true for Northern Parula, Hermit Thrush
Catharus guttatus and Grey-cheeked Thrush (Fig. 2 and 3) and was also the case for several species for which
we had a smaller number of samples (e.g., Fox Sparrow Passerella iliaca, Black-and-white Warbler Mniotilta
varia, Canada Warbler Cardellina canadensis, American Robin Turdus migratorius, Black-billed Cuckoo in Fig. 3
and S1). Conversely, following the same arbitrary criterion, we found that 14 individuals (19%) of 9 different
species likely came from the western part of the species distribution (Fig. 3). Hence, we found that one Blackpoll
Warbler, two American Redstarts Setophaga ruticilla, two Gray-cheeked Thrushes, one Hermit Thrush had
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Fig. 3. Latitudinal and longitudinal origin of each individual based on probabilistic assignments. The origin
of each individual is compared to two null models corresponding to a random selection of grid cells within
the breeding range of the species (using the same number of cells), either corrected (plain triangle) or not
corrected (empty triangle) for species abundance values. The intensity of color of the points represents the
deviation between the origin of an individual and what would be expected by random chance for each species
(random but abundance-weighted). The top 10% of grid cells with the highest posterior probability of origin

was used in this figure (see Figure S3 for other values).
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a potential origin in the west (Figs. 2 and 3). All remaining individuals likely originated from areas close to
the median of their respective distributions, which does not rule out the possibility that birds could still come
from eastern populations, especially if these populations have high abundances (see Blackpoll Warbler and
Red-eyed Vireo in Fig. 2 and 3). These results remained the same when using different threshold values of top
cells’ probability to estimate likely origins (Figure S2 and S3). Regarding latitude, we found similarly balanced
results, with individuals originating from both the northern and southern parts of the species’ distribution
(Fig. 3). Importantly, the slight southward tendency in origin may be related to the species’ distribution, which
extends much farther north in the western part of the North American continent (e.g., see the distribution of
the Blackpoll Warbler in Fig. 2). Nonetheless, we found that 9 out of the 10 Yellow-billed Cuckoos and both
Baltimore Orioles Icterus galbula likely originated from the southern part of their breeding distributions and
that a Common Nighthawk likely originated from the northern part of the species’ distribution (Fig. 3 and S1).
Importantly, since the distributions of isotopic values can be similar over large geographical areas, we found
that the probable origin of certain species and individuals could extend over large geographical areas (e.g., see
Gray-cheeked Thrush x 09 or x 10 in Fig. 2; Yellow-rumped Warbler, Common Yellowthroat Geothlypis trichas
or American Pipit Anthus rubescens in Figure S1). Note that we did not find any significant effect of the age of
samples on probabilistic assignments to origin (see Table S1).

By comparing the origin of the samples to the median distribution of species (in latitude and longitude),
corrected or not for abundance, we found that vagrants, on average, come from areas closer to the abundance-
corrected distribution than to the non-corrected zones (Fig. 3). For latitude, we found that 64 individuals (64%)
were closer to the abundance-corrected distribution (in average 4.7+ 3.4 latitudinal degrees against 5.3 +3.8,
here for the 10% top values) and 40 individuals (56%) for longitude (12.3+13.2 longitudinal degrees against
14.4+15.7, here for the 10% top values). At the species-level, our results showed that out of the 26 species
considered in our study, 18 species (67%) likely originated in average from areas of high relative abundances
(Fig. 4). This pattern remained when using different threshold values of top cells’ probability (67% with 25%; 85%
with 50%; Figure S4). Apart from a few species with highly variable results between individuals (e.g. Northern
Parula, Blackpoll Warbler), we found that almost all individuals of a species generally came from areas of high
abundance (e.g. Red-eyed Vireo) or from areas of low abundance (e.g. Yellow-rumped Warbler in Fig. 4).

Discussion

Rather unexpectedly, our results showed that migratory individuals from broad geographic breeding origins
across North America can be displaced during autumn migration to end up as far as Western Europe. First,
we found that a large proportion of vagrant individuals sampled in the Western Palearctic originated from
populations located in northeastern regions of North America. This is consistent with our expectations as
these populations mostly migrate along the coast or take long migratory flights over the ocean to reach their
non-breeding grounds particularly Neotropical migrants (e.g., in Blackpoll Warbler?®; Red-eyed Vireo®>; Gray-
cheeked Thrush%; Canada Warbler®?), which makes them more vulnerable to displacement by strong winds
during their flight bouts'®3%,

We also found that 9 out of 10 Yellow-billed Cuckoos, and two Baltimore Orioles, likely came from the
southern part of their breeding range corresponding to the southeastern regions of the US. The literature
mentions large flocks of Yellow-billed Cuckoos observed in the northeast US following hurricanes (between
mid-September and mid-October) considered to be “reverse migrants from the south” rather than locally
breeding birds”’. Such birds are, most likely, not actively flying in the reverse direction (i.e., not misoriented
individuals?) but are being pushed by predominantly southerly winds, as suggested by the studies of Nisbet™,
Richardson®®, McLaren et al.*#%° and well-illustrated with the case of the massive displacement of Chimney
Swifts Chaetura pelagica as far as Atlantic Canada (and western Europe) by the Hurricane Wilma in 2005°!. Such
birds departed offshore following cold fronts in the southeast of North America and were rapidly transported
north-eastwards and pushed ashore in Nova Scotia by strong easterly winds ahead of a low-pressure system
that was deepening at the north-eastern end of the front. In this context, it is conceivable to imagine that birds
such as Yellow-billed Cuckoos, which are already farther south, could be moved northwards and then across the
Atlantic following the track of tropical storms®®. Alternatively, such movements towards the northeast could also
represent an anticipated retreat from an approaching weather system. To our knowledge, no such movement has
been firmly documented (but see®>%%), though we can hope that the increasing use of GPS will make it possible.

Finally, we also found that several individuals likely originated from populations in the northwest of the
species’ breeding range (and mostly north for the Common Nighthawk). For Blackpoll Warbler, our results
are consistent with geolocator tracking and an isotope study showing that birds breeding as far west as Alaska
migrate eastwards before making a long flight across the Atlantic to their non-breeding grounds in South
America®®. Therefore, individuals occurring in Europe might have been swept offshore or diverted from their
regular migration route when flying southwards over the Atlantic. For individuals of Hermit Thrush (n=1)
and Common Nighthawk (n=1), geolocator tracking studies (°>%”) suggest that at least part of northwestern
populations of these species adopt an initial southeast migratory orientation before heading south to reach their
non-breeding grounds in Latin America. Even if there is no tracking data available for American Redstart (n=2)
or Gray-cheeked Thrush (n=2), tracking studies of similar species from northwestern populations also suggest
a similar southeast orientation at the start of their migration (see for Veery Catharus fuscescens®®, Swainson’s
Thrush Catharus ustulatus®, and Yellow-rumped Warbler”?). It is plausible that individuals of these species,
especially juveniles, which often exhibit a more scattered orientation at the start of their migration”"”2, could
reach areas of changeable conditions, i.e., the East Coast of North America, and become equally vulnerable to
storms during their autumn migration.

Interestingly, previous records of landbird taxa of western origin already exist in Western Europe. They are
limited to a few records, e.g. a Western Kingbird Tyrannus verticalis (in Flores, Azores, 201873), Gambel’s White-
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Fig. 4. Link between the likely origin of transatlantic vagrants and areas of relative abundance. For each
individual, abundance values were extracted from the eBird abundance maps in cells appearing in the top 10%
of grid cells with the highest posterior probability of origin (see Figure S4 for other values) and compared with
abundance values extracted from randomly selected values within the breeding range of the species (using

the same number of cells). The difference between the median of these two distributions was compared and
averaged for each species. Each grey dot represents an individual and colored dots (blue / red) represent the
average for the species. Blue colored dots hence represent species originating from areas of lower abundances
while red dots represent species originating from areas of higher abundances.

crowned Sparrows Zonotrichia leucophrys gambelii (in Corvo, Azores, 201374, in Cheshire, UK, 20167°) and
possible Common Nighthawks from the northern great Plains or unidentified interior subspecies (sennetti, in
Corvo, Azores, 20087° and in the UK”’), which are all not known to migrate in the eastern half of the American
continent. These records raise the possibility that transatlantic vagrants could also include misoriented
individuals that were following an erroneous orientation at the start of their migration (i.e. intentionally flying
east, towards the Atlantic ocean®”378). In such cases, the wind could be a secondary factor as it could facilitate
the crossing of individuals that were already heading in a wrong direction. The idea that vagrants can follow
an erroneous orientation has been discussed in the literature, both in Nearctic’®%° and Palearctic contexts®!.
But while much remains to be discovered about the proximal mechanisms of such misorientations>>83, these
previous records and the several individuals with northwestern origins that we found in this study, suggest that
this mechanism could also be a driver of some instances of transatlantic vagrancy. Further research should be
conducted such as carrying out orientation cage tests®*> on Nearctic landbirds captured in Europe or tagging
birds (as in®!) to track their migratory orientation and ultimately examine their misorientation.

Our findings also suggest that transatlantic vagrants mostly came from areas of higher abundances and
align with previous studies showing that the number of vagrants can be linked to the size of their population®!.
In the case of transatlantic vagrancy, we can consider that many offspring being produced provides a greater
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probability of having individuals displaced by tropical storms. However, we can also expect that populations that
are migrating when tropical storms are passing are the most likely to be displaced, so that a geographical and
temporal bias may exist. It is perhaps because of this bias that some species tend to come from areas of lower
abundance (e.g. Yellow-rumped Warbler) but this would require further research, certainly on finer geographical
scales, and using tracking techniques more precise than isotope tracing.

Our study, using stable isotope techniques, also comes with some limitations. Firstly, there is an inherent
spatial ambiguity in isotopic landscapes, meaning that it is generally not possible to obtain precise origins, and
distant geographical areas can also exhibit similar isotope signatures. Secondly, even if we did not find any
significant influence of the age of our samples, possible changes in precipitation isoscapes since the 1930s%
and the use of calibration equations developed in some cases for adults on juveniles can have an impact on
probabilistic assignments. Nevertheless, we believe that using multiple individuals per species and different
values of assignment probabilities made our conclusions not overly biased by these limitations. Finally, our
sampling was not appropriate for studying proximal mechanisms, particularly the communities of species prone
to displacement and the conditions that favor such transoceanic movements. The sampling was scattered over
time, and several birds were captured long after their initial discovery, which could have occurred long after their
oceanic crossing, making it difficult to trace the wind conditions likely influencing their long-distance vagrancy.
It was also not representative of landbird species most regularly observed in autumn in Western Europe. For
example, the Red-eyed Vireo, which dominates the list of species regularly occurring on the eastern side of the
Atlantic®’, can be challenging to capture as most individuals remain in tree canopies.

Finally, we cannot rule out the possibility that some individuals in this study completed part of their journey
on a ship (ship-assisted vagrancy). Since all the species considered here undertake long-distance migrations, we
considered them as naturally capable of transoceanic movements. However, while no quantified data exist on
the frequency or avoidance of overwater flights, some species (e.g., American Robin, Fox Sparrow) may cross
water less regularly than others, making them more likely candidates for ship assistance. That said, birds must
still reach a ship on their own, and ships capable of carrying them are widespread across the Atlantic. Therefore,
we believe our results should not biased by this mechanism.

To summarize, our study suggests that transatlantic vagrants can come from diverse origins with most
individuals originating from the northeast of the species’ distribution while several individuals originated
from southern or northwestern populations. Little is known about the number of birds that perish without
making such transatlantic crossing, but our result show that individual survival is possible even from birds of
various geographic origins. Our study calls for a detailed understanding of the context in which these crossings
became possible which could improve our understanding about the biogeographic processes that enabled the
colonization of isolated archipelagos”. Indeed, in the insular context, there is a tendency to consider that it is
the nearby populations that are most likely to colonize a new territory. This is probably often the case, but not
exclusively.

Data availability
All data generated and analyzed during this study are included in this published article in a supplementary data
file.
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