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The Iberian and North African populationsof reed warblers have been recently described as a separate
taxon, ambiguus, forming a sister clade to the Sahelian subspecies minor of African Reed Warbler
Acrocephalus baeticatus. While the breeding range of ambiguus has been identified, the migration
strategy of its populations remained unknown. We deployed geolocators and sampled the innemrmost
primary from breeding adults in Spain for stable hydrogen (62H) analyses and also analysed stable
carbon (63C) and nitrogen (6*°*N)isotopes in feathers collected in two reedwarbler taxa (A. scirpaceus
and A. baeticatus ambiguus) in Morocco, to identify the moulting and wintering sites of these
populations.Ring recoveries, geolocator tracks and probabilisticassignmentsto origin from &2H values
indicate that Spanish ambiguus likely moult south of the Sahara and winter in West Africa, probably
from Mauretaniato southern Mali and Ivory Coast. Moroccan ambiguus, however, undergo the post-
breeding moult north of the Sahara, and possibly then migrate to West Africa. With other populations
of ambiguus breeding from Algeria to Libya and likely wintering further east in the Sahelian belt, the
Barbary Reed Warbler can therefore be considered as a trans-Saharan migrant, with a post-breeding

moultstrategy variable between populations, and likelystructured according to the breeding latitude.

Key words: deuterium, carbon-13, nitrogen-15, geolocator, ring recovery, stable isotopes, trans-

Saharan migrant



Advancesin molecularsequencing and population genetics regularly reveal cryptic species that largely
differ geneticallydespite morphological similarities (Pavlova et al. 2008, Toews & Irwin 2008, Collinson
et al. 2017). One challengeis thereafterto update oracquire knowledge on the ecology of each taxon.
Compared to their European counterparts, Acrocephalus reed warblers breeding in Iberia and North
Africa display distinct biometrics and plumage characteristics (Jiguet et al. 2010, Hering & Winkler
2010), and are genetically closer to the African Reed Warblers Acrocephalus baeticatus (Hering et al.
2009), forming a sister clade to all sub-Saharan populations breeding across the Sahel (subspecies
minor, Olsson et al. 2016). They have beenrecognized as a distinct subspecies, Acrocephalus baeticatus
ambiguus (Olsson et al. 2016). With a breedingdistribution ranging from Iberia and western Morocco
to coastal Libya (Hering et al. 2009, 2010; Olsson et al. 2016), closely matchingthe African distribution
of the Barbary Partridge, we propose to name this taxon the Barbary Reed Warbler.

The Eurasian Reed Warbler Acrocephalus scirpaceus is one of the most studied migrant
passerinesin Europe, with hundreds of thousands of individuals ringed each year, and numerous ring
recoveries informing migratory connectivity (Prochazka et al. 2008, 2017). However, ring recoveries
do not necessarily relate to birds of known breeding origin, as many individuals are ringed along their
migration routes, or even as non-local transients during the breeding season (Clavel et al. 2008). As a
consequence, any reed warbler ringedin Iberia in May, June or July might be either a local breeding
ambiguus or a late/early migrant scirpaceus. Without information on phenotype, genotype or definite
breeding status, the taxonomicstatus of such warblers cannot be definitively assessed. Therefore, to
identify the wintering grounds of ambiguus, it is not necessarily prudent to use winter recovery data
of birds ringed in Iberia or North Africa during the breeding season. Nevertheless, there are a few
winter records along the Senegal River of birds ringed during the breeding period within breeding
populations located at mid-latitudes in Spain and Portugal (around 40°N; Prochdazka et al. 2008), and
so of birds presumably belonging to ambiguus. To summarize, the migration strategy and wintering
grounds of the Barbary Reed Warblerare still unknown and remain to be documented.

Archival light-level geolocators are useful to determine the migration routes and wintering
grounds of small songbirds, and have been used previously on scirpaceus reed warblers (Prochazka et
al. 2017). Stable isotopes in winter grown feathers can also be effective in identifying African moulting
grounds of long-distance migrant songbirds (Hobson & Wassenaar 2019). Because reed warblers
undergo acomplete post-breeding moult occurring after arrival on the wintering groundsafter autumn
migration (Dowsett-Lemaire & Dowsett 1987, Svensson 1992, Demongin 2013), individuals retuming
to the breeding grounds in spring wear winter-grown feathers that can be sampled to analyse stable
isotopesto determine African moulting grounds. However, adults moulting some primary feathers in
late summer are not common but some occur in Spain (Svensson 1992), and Jiguet et al. (2010)

reported numerous adult ambiguus actively moulting theirremigesin Morocco at the end of August.



As a consequence, we do not know whether ambiguus moult on the breeding or on the wintering
grounds, or whetherthisdepends onindividual strategies or breeding location.

Most Moroccan adult ambiguus undergo the post-breeding complete moult on the breeding
grounds, with many adults moulting simultaneously most primaries by early September (Jiguet et al.
2010, Amezian et al. 2010). By taking a species’ moult pattern and tissue-specific isotopic
discrimination and elemental turnover rates into account, we can inferthe breeding or wintering origin
of individuals from the stableisotope signatures if the birds useisotopically distinct areas, which is the
case for Eurasian Reed Warblers breedingin Europe (Prochazka et al. 2008). Forexample, §'3C;values
in reed warbler feathers moulted south of the Sahara indicate a xeric biome dominated by C4 plants
and differed significantly from those in feathers of first-year birds grown at known breeding sites
indicating a C3-dominated biome (Prochazka et al. 2008).

In order to unravel the key elements of the moult and migration ecology of ambiguus reed
warblers, we deployed light loggers and sampled winter-grown feathers to analyse stable hydrogen
isotopes (62H)in breeding adultscaptured in Catalunyaand Andalucia, Spain. We also analysed feather
stable carbon (6'3C;) and nitrogen (6*°N;) isotopes of ambiguus individuals captured in Morocco either
inJune (local breedingbirds) orin September (juveniles and adults) to determine how frequently the
post-breeding primary moult occurs north of the Sahara. The taxonomicstatus of all studied individuals
was confirmed by morphometrics, including detailed wing formula (Jiguet et al. 2010, Olsson et al.

2016).

METHODS

Light loggers

To fitbirds with lightloggers (also called GLS for global location sensors), we captured breeding reed
warblers at two different sites in Spainin 2017 and 2018, at Arroyo Ardachdn, Sanlucar la Mayor,
Sevilla, in Andalucia (37.40°N 6.26°W), and at Delta del Ebro in Catalunya (40.74°N 0.79°E). Tag
deployments occurred on 9 July 2017 for BD505 and BD508, 27 May 2018 for BL945, 10 June 2018 for
BL947 and 1 June 2018 for BL955. Both sites are located within the Iberian breeding range of ambiguus
(Olsson et al. 2016). These warblers were being considered as local breeders because they displayed
either an obvious brood patch or cloacal protuberance, and were therefore tagged, and recaptured
the next year at the same site, again with a confirmed breeding status. GLS loggers record light
intensity which, if retrievedaftera migration cycle, enables the calculation of the approximate position
of the loggergiventhe duration of daylight and the time of solar noon. Light loggers do not transmit
data, so birds have to be recaptured and the tag retrieved to download recorded data. We used data
collected by Intigeologgers (P30Z11-7-DIP, 0.36g, Migrate Technology). We attached loggers with UV-

proof string leg-loop harness to the bird’s back. The device and associated attachment material (0.03-



0.04g) represented 3.0to 4.0% of a warbler’s body mass (10-13 g). Overall, we retrieved five loggers
from 40 equipped birds (recapture rate 12.5%).

We analysed the light intensity data recorded by the GLS devices with a threshold approach
followingthe guidelinesdescribedin Lisovski et al. (2020). First, we used the TwGeos package (Lisovski
et al. 2015) to define twilights with the preprocessLight function, using athreshold of 2.5lux. Since all
loggers stopped recording data from the March-April period (before arrival at the breeding site), we
visually inspected theraw recordingsto remove obviously erroneous twilight periods. We then applied
an additional automated screening using the twilightEdit function (settings were window = 4,
outlier.mins =45 and stationary.mins =25), removing afew location outliers pertrack (0-1%). Second,
usingthe Geolight package (Lisovski & Hahn 2012), we calibrated the recorded twilight eventsagainst
the actual sunrise and sunset times at the respective breeding locations of the birds (in-habitat
calibration; Lisovski & Hahn 2012). We estimated sun elevation angles varying between -5.11 and -
5.70°. Since we assume that reed warblers use similar habitats across theirannual cycle, we used the
same elevation angles for sub-Saharan non-breeding and migratory stationary locations. Finally, using
the changelight and MergeSites2 functions (Lisovski & Hahn 2012), we separated stationary and
movement periods with a threshold at the 0.9-quantile of change point probability, a minimum
stationary time of 3 days and by merging consecutive stationary periods that did not differ by more
than 200 km. We then used the schedule function to extract approximate departure and arrival dates

on each stationary locations and estimate the phenology of each individual.

Stable isotopes
In Spain, we sampled an outer tail feather on most breeding adults that we captured for tagging (n =
39). In Morocco, we captured reed warblersin the lower Loukkos valley near Larache (35.16°N, 6.06W)
in September 2009 (n=36 ambiguus and 28 scirpaceus) and June 2011 (n=6 ambiguus). In autumn, we
separated first-year and adult individuals based on plumage wear and iris colour (Svensson 1992),
while we used biometrics and bare part coloration to identify the Moroccan warblers to subspecies
(ambiguus vs. scirpaceus; Jiguet et al. 2010, Olsson et al. 2016). We sampled one innermost primary
(P10) on all birds, except on those adults actively moulting the innermost primary. The total feather
sample included 31 first-calendar and 11 adults of ambiguus, and 16 first-calendar and 12 adults of
scirpaceus.

Feathers were stored dryin plastic bags until analysis. Upon analysis, they were firstrinsedin
a 2:1 chloroform:methanol solution and air-dried in a fume hood. For §'3C and 6% N analyses, we
weighedfeathervane subsamples of approximately Imginto small tin cups and then combusted with
a RoboPrep elemental analyser interfaced with a Europa 20:20 continuous-flow isotope-ratio mass

spectrometer (CFIRMS) interfaced.



We report measurements in conventional 6-notation relative to the VPDB (carbon) and
atmosphericAlR standardsin parts perthousand (%e.). Replicate assays of internal laboratory standards
(albumen)includedin each runindicated measurement errors (SD) of 0.1 and 0.3% for §*3Cand 6*°N
values, respectively. We ran all samplesatthe Department of Soil Science, University of Saskatchewan
in Saskatoon, Saskatchewan, Canada. We further compared 6*3C and &'°N values according to the
taxonomy (ambiguus vs. scirpaceus) and age (first calendaryearvs. adult) and the interaction of both
predictorsina general linear model.

The 6%H of the non-exchangeable hydrogenof feathers was determined using a method based
on two calibrated keratin hydrogen-isotope reference materials (CBS, KHS). We performed hydrogen
isotopic measurements on H, gas derived from high-temperature (1350 °C) flash pyrolysis on glassy
carbon (Eurovector3000; Milan, Italy) of 350+ 10 pg feather subsamples and keratin standardsloaded
into silver capsules. We analyzed resultant separated H, on an interfaced Isoprime (Crewe, UK)
continuous-flow isotope-ratio mass spectrometer. Measurement of the two keratin laboratory
reference materials corrected forlinearinstrumental drift were both accurate and precise with typical
within-run mean 6?H+ SD values of =197 + 0.79%o (n=5) for CBS and -54.1 + 0.33%o0 (n=5) for KHS. We
report all results for non-exchangeable H expressed in the typical delta notation, in units of per mil
(%0), and normalized on the Vienna Standard Mean Ocean Water-Standard Light Antarctic
Precipitation (VSMOW-SLAP) standard scale.

Foré%Hvalues, we used a spatially-explicit likelihood assignment method to delineate probable
origins by converting an amount-weighted growing season precipitation surface (Bowen et al. 2005)
to a featherisoscape using a calibration equation previously developed for Eurasian Reed Warblers
(6°H;=-10.29 + 1.28*5%H,) (Prochazka et al. 2013). The residual standard deviation (SD = 10.36%o) from
the linear regression model used to calibrate the precipitation surface for Eurasian Reed Warbler
featherswasincludedinthe assignments as an estimate of error. We produced assignments to origin
using two different geographical ranges where the species could be wintering or moulting: (a) the
known sub-Saharan winter range of the species; (b) a longitudinal window (20°W to 20°E) covering
South-West Europe and West Africa which includes the range of the speciesinthe area, and including
the breeding range of the sampled ambiguus individuals. We obtained the digital distribution map of
reed warblers from BirdLife Internationaland HBW (2021). 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
pixelinthe assignmentraster, the presented value is the proportion of all sampled individuals which

could potentially have grown the analyzed feathers within the pixel, rescaled torange from0to 1.



RESULTS

Light loggers

The analysis of data collected by geolocators allowed to estimate stopoversand wintering locations of
six Iberian ambiguus reed warblers originating from three different breeding populations (Fig. 1). All
birds lefttheir breedingareas in August, migrated rapidly, without makingany long stopovers in North-
West Africato reach theirnon-breeding areasin September. Between September and March, the five
individuals hence occupied 2-3non-breeding sites located in the sub-Saharan area (Fig. 1). Takinginto
account the uncertainties related to latitude estimation, we may assume that the four breeding birds
from Andalucia (BD508 and BD505 from 2017-2018; BL945 and BL947 from 2018-2019) occupied
wintering sites located betweenMauretania, Senegal,the Gambia and Guinea-Bissau. Unlike the other
four individuals, the bird from Catalunya (BL955) occupied two winteringsiteslocated further south-

east, probablyinsouthern Mali and Ivory Coast.

Stable isotopes

Figure 2 presents 63C;and 6*°N;values obtained forreed warblers captured and sampled at Larache,
Morocco, in September 2009 and June 2011, with boxplots. We found a significant difference in 623G
values between first-calendar year and older warblers (t = 3.33, df = 66, P = 0.001), differentially
structured between subspecies (interaction age*subspecies, t =4.27, P < 0.001) (butno global effect
of subspecies, t=-0.42, P =0.67) (59% of variance explained by the predictors).The low values of §3¢
inall first-calendar-year warblers captured at Larache, regardless of their taxonomicstatus (ambiguus
and scirpaceus), indicate that they grew their inner primary north of the Sahara. Indeed, in juveniles
this featherwas grown in the nest north of the Sahara. Most adult scirpaceus had moulted the inner
primary feather south of the Sahara, with two individuals which either moulted north of the Sahara or
may have been wrongly aged as adults. For 6°N; values, we found significant differences between
subspecies (t =-2.59, df = 66, P = 0.012), between ages (t=-2.12, P = 0.038), and an age structure
difference between subspecies (interaction age*subspecies, t = -3.12, P = 0.003) (57% of variance
explained by the predictors). Adults considered to be of the local breeding Moroccan population all
had similar 6*°N; values, but two had high (> **%.) 6'3C values, similar to those of feathers moulted
south of the Sahara in adult migrant scirpaceus.

Outputs of the probabilisticassignments to origin of the feathers sampled on Spanish breeding
adult ambiguus are presented in Figure 3. When restricting the assignment area to the sub-Saharan
winter range of scirpaceus (panel a), then most likely locations where feathers might have grown in
West Africa extend from Senegalto Liberia, southern Mali and northern Ivory Coast. If the assignment

areasincludes North Africaand the breeding range of ambiguus within the assignment area, (panel b),



thenthe likely growth area of feathersincludes Iberia, northern Morocco and Algeria, with restricted

probability inthe West African winter range, mainly in Guinea.

DISCUSSION

Moroccan reed warblers

Comparing feather 63C; and 6% N; values, we report that juvenile, locally-fledged reed warblers at
Larache had similarisotopicvaluesto first-calendar-year scirpaceus captureden route at the same site
(Fig. 2; lower values of 63C; and higher values of 6'°Ng), but different from the isotopic values of
featherscollected in adult scirpaceus (highervalues of §**C and lower values of §'°N). As expected, our
results confirm that juveniles of both taxa grew their feathers north of the Sahara, but more
interestingly, that the 6'3C; and 6'°N; values of feathers grown in Morocco were similar to those of
feathers grown in Europe, but different from those of feathers grown in sub-Saharan Africa. Of the
adults captured in September at Larache, all individuals identified as belonging to the local breeding
population hadisotopicvalues similarto the locally hatchedjuveniles. These results confirm that adult
ambiguus presentin Morocco in early September moulted north of the Sahara the year before, while
we do not know whetherthey stay for winter north of the Sahara or whetherthey later migrate south
of the Sahara to winter (e.g. in Mauretania or Senegal). Two of the adults breeding at Larache and
sampledthereinJunehad 6'3C;similarto those of adult scirpaceus, so values typical of feathers grown
south of the Sahara. That meansthat at least part of the population breedingin North Africa cross the
Sahara before the complete post-breeding moult, and most probably winter there. But globally, our
results confirm that most adult ambiguus breeding in Morocco do undergo their post-breeding
complete moult on the breeding grounds, while their subsequent wintering grounds remain to be
discovered. Amezian et al. (2010) reported that 9% of first-calendar-year and nearly 50% of adults
captured in autumn at Smir, Morocco, had moulted or were in active moult of the primaries. These
reports, togetherwith ourisotopicresults based on non-moulting adults at similar dates, confirm that
the vast majority of Moroccan ambiguus moult primaries north of the Sahara, probably on or near
theirbreeding grounds, though the fewsamples collected at Larache in spring also suggest that nearly
20% of breeding birds moult their primaries in sub-Saharan Africa. Whether these birds are second-
calendar-year birds is not known but it remains a possibility. Amezian et al. (2010) suspected
Moroccan birds to winter north of the Sahara. The alternative scenariois that they moult north of the
Sahara but an unknown proportion of birds move south of the Sahara after moulting, as the species is
presentin Moroccan reedbeds in winter, but not in high numbers matching those of the breeding

season (Taillandier et al. 2006).

Iberianreed warblers



Prochdzka et al. (2008) reported four winter (December-February) recoveries in sub-Saharan Africa of
ringed birds with known breeding origin in central Spain and Portugal that could be reasonably
considered ambiguus given current knowledge. Three of them were recorded in the Djoudj National
Park in Senegal and one in Guinea-Bissau. However, ring recoveries are highly dependent on ringing
effort and recovery probability. The tracks obtained from the geolocators indicate a more extended
winter range in West Africa, from Mauretania to Ivory Coast. Furthermore, two MNHN specimens
collectedin Senegal (CG1966-2270 and CG1962-780) and showingshortwing lengths (60 and 63mm,
respectively)displayoverall morphometric characters typical of ambiguus(see Olsson et al. 2016) with
a high probability of belonging to this taxon. All these tracks confirm that Barbary Reed Warblers
breedingin Iberia winter in West Africa. This is helpful when interpreting the isotopic results, as
geographical probabilisticassignments can provide different explanations of the moulting strategy of
the same birds depending on the geographical area of assignment. If we consider that these birds
moulted south of the Sahara as do all West European Eurasian Reed Warblers (Svensson 1992) and all
other African Reed Warblers, then the highest probabilities cover a continuous area ranging from
southern Senegal and Mali to north-western Ivory Coast. This area includes autumn or winter
stationary areas identified from geolocators for most of the tracked birds, and is consistent with an
autumn or winter moult of Iberian ambiguus after crossing the Sahara. If we broaden the potential
moulting areaup to North Africaand the European breeding range of ambiguus, we find a quite similar
patternin West Africa, but we cannot excludethat Spanish ambiguus moult on their breedinggrounds
or in North Africa before crossing the Sahara. However, the scarcity of records of actively moulting
reed warblers in reedbeds of Spain in autumn does not favour the hypothesis of a generalized post-
breeding primary moult on the breeding grounds, and the short duration of stopoversin North Africa
— if any — identified from geolocators does not in favour the hypothesis of a moultin North Africa.
Indeed, as an example, more than 3260 reed warblers have been ringed during 2011-2020 at a
Constant Effort Site in La Janda (Strait region, southern Spain), with only 15 captures in winter (15
November to 15 January), 5 of them being in active primary moultin November (Alejandro Onrubia
pers. comm.). This represents less than 0.5% of the total number, so a tiny fraction of Iberian birds
overwinters there, with some moulting there. We therefore suggest that primary moult generally
occurs south of the Sahara for Iberian Barbary Reed Warblers, while it generally occurs north of the

Sahara for Moroccan Barbary Reed Warblers.

Conclusions
Stable isotopes and tracks allowed us to identify the main wintering range of the Barbary Reed Warbler
in West Africa, which is not confined to a restricted area but extends across different countries. The

tracked individual from Catalunya was the one wintering most to the east, most likely in Ivory Coast,



so the winterrange is notrestricted to coastal western Africa. Thisisindeed expected as the breeding
range of ambiguus extends across Iberia and North Africa, eastwards at least to Libya. Olsson et al.
(2016) indeed reported three individuals belonging to the ambiguus genetic clade at Lake Chad in
winter. Iltistherefore highlyprobable that atleast part of the ambiguus populations breeding in Tunisia
and Libya do winterinthe central Sahel, and the winter presence of Barbary Reed Warblersin Niger,
Chad or Nigeria would not be surprising. All these elements suggest a potential longitudinally
structured connectivity, as found from ring recovery data in the Eurasian Reed Warbler (Prochazka et
al. 2008, Anduezaetal. 2013).

To conclude, by combining data obtained from ring recoveries, stable isotopes and light
loggers, the winter range of the Barbary Reed Warbler can be considered to extend from westem to
central Sahel, with a post-breeding moult occurring north of the Sahara for North African populations,
and south of the Sahara for Iberian populations. Further studies should investigate 6*3C; of feathers
collected from Iberian birds, and §2H; of feathers collectedfrom Moroccan birds, as well as geolocator

tracking data for the latter, to confirm or refine our proposals.

Data availability
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archived on Movebank.orgunderthe IDreference 1077717864.

PP was supported by Czech Science Foundation (project No.20-00648S). M. Stocki conducted the 623G
and 6% N; analyses at the University of Saskatchewan and KAH conducted the 6?H; Stable Isotope
Hydrology and Ecology Lab of Environment & Climate Change Canada. JLC thanks Marc Pérez, Jaroa
Lépez, David Bigas and Suse Ferré fortheir help with the fieldwork in Ebro Delta, and the Parc Natural
del Deltade I’Ebre for permission to trap birdsand use theirinstallations in Canal Vell Biological Station.
JLA thanks Oscar Gordo for his help with the fieldwork in Arroyo Ardachén.FJ thanks Benjamon Vollot,

Romain Lorrilliéreand Pascal Provost for helpin field work.

REFERENCES

Amezian, M., Cortes, J., Thompson, |., Bensusan, K., Perez, C., Louah, A., El Agbani, M. A. & Qninba, A.
2010. Complete moult of an undescribed resident taxon of the Reed Warbler Acrocephalus
scirpaceus/baeticatus complexinthe Smirmarshes, Northern Morocco. Ardea 98: 225-234.

Andueza, M., Barba, E., Arroyo, J.L., Feliu, J., Grefio, J.L., Jubete, F., Lozano, L., Monrés, J.S., Moreno-
Opo, R., Neto, J.M., Onrubia, A., Tenreiro, P., Valkenburg, T., Zumalacarregui, C., Gonzalez, C.,
Herrero, A. & Arizaga, ). 2013. Connectivityin Reed Warblers Acrocephalus scirpaceus between

breedinggroundsin Europe and autumn stopoversitesin lberia. Ardea 101: 133-140.



BirdLife International & Handbook of the Birds of the World. 2021. Bird species distribution maps of
the world. Version 2021.1. Available at http://datazone.birdlife.org/species/requestdis

Bowen, G.J., Wassenaar, L.I. & Hobson, K.A. 2005. Global application of stable hydrogen and oxygen
isotopesto wildlifeforensics. Oecologia 143: 337-348.

Clavel, J., Robert, A., Devictor, V., Julliard, R. 2008. Abundance estimation with atransient model
underthe robustdesign.J. Wildl. Manag. 72:1203-1210.

Collinson, J.M., Dufour, P., Hamza, A.A., Lawrie, Y., Elliott, M., Barlow, C. & Crochet, P.-A. 2017. When
morphologyis notreflected by molecular phylogeny: the case of three ‘orange-billed terns’
Thalasseus maximus, Thalasseus bergiiand Thalasseus bengalensis (Charadriiformes: Laridae).
Biol. J. Linn. Soc. 121: 439-445. doi.org/10.1093/biolinnean/blw049

Demongin, L. 2013. Guide d’identification des oiseaux en main. Baume-les-Dames, France

Dowsett-Lemaire, F. & Dowsett, R. J. 1987. European Reed and Marsh Warblersin Africa: migration
patterns, moultand habitat. Ostrich 58: 65—85.

Fry, C.H., Williamson, K. & Ferguson-Lees, L.J. 1974. Anew subspecies of Acrocephalus baeticatus
from Lake Chad and a taxonomicreappraisal of Acrocephalus dumetorum. The Ibis 116: 340—
346.

Hering, J., Brehme, S., Fuchs, E. & Winkler, H. 2009. ZimtrohrsangerAcrocephalus baeticatus und
““Mangroverohrsanger” A. scirpaceus avicenniae erstmals in der Paldarktis —Irritierendes aus
den Schilfréhrichten Nordafrikas. Limicola 23: 202-232.

Hering, J., Fuchs, E. & Winkler, H. 2010. Neuesvon Zimt- Acrocephalus baeticatus und
TeichrohrsangerA. scirpaceusin Libyen. Limicola 24: 117-139.

Hobson, K.A. & Wassenaar, L.I. 2019. Tracking Animal Migration using Stable Isotopes. Second
Edition, AcademicPress /Elsevier, Amsterdam. ISBN: 9780128147238

Jiguet, F., Provost, P. & Rguibi-Idrissi, H. 2010. Undescribed reed warbler breedingin Morocco. Dutch
Birding 32: 29-36.

Lisovski, S. & Hahn, S. 2012. Geolight—processingand analysinglight-based geolocatordatainR. —
Methods Ecol. Evol. 3: 1055— 1059.

Lisovski, S., Sumner, M.D. & Wotherspoon, S.J. 2015. TwGeos: basicdata processing for light based
geolocation archival tags. R package.

Lisovski, S., Bauer, S., Briedis, M., Davidson, S.C., Dhanjal-Adams, K.L., Hallworth, M.T., Karagicheva,
J., Meier, C.M., Merkel, B., Ouwehand, J., et al. 2020. Light-level geolocatoranalyses:auser’s
guide.J. Anim. Ecol. 89: 221-236

Nieto, I., Chamorro, D., Palomo, L.J., Real R. & Munoz, A.-R. 2018. Is the Eurasian Reed Warbler
Acrocephalus scirpaceus a Regular Wintering Speciesin the Iberian Peninsula? Ringing Data Say

Yes. Acta Ornithologica 53: 61-68. doi:10.3161/00016454A02018.53.1.006



Olsson, U., Rguibi-Idrissi, H., Copete, J.L., Arroyo, J.L., Provost, P., Amezian, M., Alstrédm, P. & Jiguet, F.
2016. Mitochondrial phylogeny of the Eurasian/African reed warbler complex (Acrocephalus,
Aves). Disagreement between morphologicaland molecularevidence and crypticdivergence:
A case for resurrecting Calamoherpe ambigua Brehm 1857. Mol. Phyl. Evol. 102: 30-44.

Pavlova, A., Zink, R.M., Drovetski, S.V. & Rohwer, S. 2008. Pleistocene evolution of closely related
sand martins Riparia riparia and R. diluta. Mol. Phyl. Evol. 48: 1, 61-73.
doi.org/10.1016/j.ympev.2008.03.030

Prochazka, P., Hobson, K.A., Karcza, Z. & Kralj, J. 2008. Birds of a feather wintertogether: migratory
connectivityinthe reed warbler Acrocephalus scirpaceus. J. Ornithol. 149: 141-150.

Prochazka, P., Van Wilgenburg, S.L., Neto, J.M., Yosef, R. & Hobson, K.A. 2013. Using stable hydrogen
isotopes (62H) and ring recoveries to trace natal originsin a Eurasian passerine witha
migratory divide. J. Avian Biol. 44: 541-550.

Prochazka, P., Hahn, S., Rolland, S., van der Jeugd, H., Cs6rg6, T., Jiguet, F., Mokwa, T., Liechti, F.,
Vangeluwe, D. & Korner-Nievergelt, F. 2017. Delineating large-scale migratory connectivity of
reed warblers using integrated multi-state models. Div. Distrib. 23: 27—40. DOI:
10.1111/ddi.12502

Rakhimberdiev, E., Saveliev, A., Piersma, T. & Karagicheva, J. 2017. FLightR:an R package for
reconstructing animal paths from solargeolo- cationloggers. Methods Ecol. Evol. 8: 1482—
1487.

Svensson, L. 1992. Identification guideto european passerines, 4th edn. British Trust for Ornithology,
Stockholm.

Taillandier, J., Taillandier, R. & Taillandier, F. 2006. Les passereaux paludicoles du Parc National du
Souss-Massa (Maroc méridional). Populations migratrices, hivernantes et nicheuses. Alauda
74: 429-440.

Toews, D.P.L. & Irwin, D.E. 2008. CrypticspeciationinaHolarctic passerine revealed by geneticand
bioacousticanalyses. Mol. Ecol. 17: 2691-2705. doi.org/10.1111/j.1365-294X.2008.03769.x

Wotherspoon, S.J., Sumner, M. D. & Lisovski, S. 2016. R package SGAT — solar/satellite geolocation
for animal tracking. — GitHub Repository, <https://github.com/SWotherspoon/SGAT>



Figure 1. Wintering locations of five GLS-tracked Barbary Reed Warblers Acrocephalus baeticatus
ambiguus tagged in Spain. The two panels represent the deployment yearin (a) 2017-2018 and (b)
2018-2019. Coloursindicate breedinglocations and individuals: Dofiana NP, Andalucia, Spain (orange:
BD505, BD508, BL945, BL947), and Ebro Delta, Catalunya, Spain (blue: BL955 ). The dots represent
breeding locations and triangle represents stationary locations of more than three days during the
non-breeding periods. The size of the triangles represents stationary period duration and error bars
represent uncertainty in the estimation of latitudes and longitudes. Coloured lines represent the
schematic migratory route betweensuccessive stationarylocations. For each individual, an estimation
of the migration phenology is indicated alongside the map where coloured bars indicate stationary

periods and white spaces between them represent movement periods.
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Figure 2. Boxplots of feather (a) 6*Cand (b) 6*°N valuesfrom reed warblers captured and sampled at

Larache, Morocco, by age (first-calendar-year vs adult) and taxonomy (Acrocephalus baeticatus

ambiguusvsA. scirpaceus). Beyondthe median, the boxes extend betweenthe firstand third quartiles,

bars for the minimum and maximum values, dots are outliers.
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Figure 3. Assignment to origin of Barbary Reed Warblers Acrocephalus baeticatus ambiguus using 8H
measurementsin feathers collected in two breeding populationsin Spain (n=39individuals) (a) within
the sub-Saharan winterrange of A. scirpaceus and (b) withina window covering western North Africa
andthe European breedingrange of A. b. ambiguus, both between 20°W and 20°E. The colour gradient

represents the number of individuals assigned to a pixel in the featherisoscapeusinga2:1 odds ratio.
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