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In facultative partial migration, flexibility of #nwintering behaviour throughout the birds’
lifetime (switching between the migrant and restdantics, and vice versa) may be
considered as an advantage because it allows dugilg to cope with environmental
conditions. Quantifying the extent of flexibility the wintering behaviour, and identifying
the related factors (environmental and individuaiables) are crucial issues. The present
study addresses these questions in a Europeanmuapon of a shorebird species, the pied
avocet Recurvirostra avosetjathat displays three wintering tactics: striatygident, locally
resident, and migrant. We explored tactic fidetityer consecutive years since the birds’ first
winter by notably testing the influence of age astimating more specifically the long-term
consistency of the first wintering tactic. We aés@lored tactic-related survival. Based on a
10-year ringing study carried out on five Frenclonges and on capture-recapture modelling
(558 birds with a known first-winter tactic), weosted that birds were highly faithful to their
first wintering tactic over consecutive years (@bitities ranged from 0.78 to 0.98 depending
on tactic and age), and when a tactic change aadutrmainly consisted in wintering in the
French Atlantic area. Besides, we found a modelateease in fidelity to the migrant tactic
over consecutive years with bird age. Complemdgtdhie fidelity of locally resident and
migrant individuals to their first wintering siteas remarkably high. Finally, survival over
winters was particularly high»(0.90) and non-dependent on tactic. At the indialdicale,

the flexibility of the wintering tactic was thereélimited over the study period. Despite a
slight age effect, other biological informationuted in invalidating two hypotheses
commonly suggested to explain age-differential atign. Additional biological
interpretations including the absence of harshevithabitat quality, and advantages of site

familiarity can be put forward to interpret the magsults.
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The wintering behaviour can arise in different waybirds (Newton, 2008). Typically, in
partially migrant populations, some individuals mwimter within their breeding region
(namely resident birds) while others display a =igry behaviour (migrant birds) to reach
distant wintering quarters (Lack, 1943; Newton, 20Dingle, 2014). In such systems, the
coexistence of these wintering behaviours may as®weéhe heterogeneity of the
environmental conditions experienced by individual#/intering sites, with possible
significant consequences at both the individual @opulation levels (Newton, 2008;
Chapman, Bronmark, Nilsson, & Hansson, 2011). Idd&avel costs (i.e. the energy
expense) and wintering conditions (e.g. climatioditons, food resources) are known to
affect subsequent reproductive success (Norrik,et@4; Sedinger et al., 2006), survival
(Peach, Baillie, & Underhill, 1991; Schaub, Kar8aKkdppen, 2005), and ultimately

population growth rates (Seether & Bakke, 2000; Raket al., 2017).

In partially migrant populations, the flexibilityf he wintering behaviour and site
selection throughout the birds’ lifetime may hightpdulate all these consequences
(Bearhop, Hilton, Votier, & Waldron, 2004; Gunnaysst al., 2005; Iverson & Esler, 2006).
The control of partial migration (see Chapman, Bnérk, Nilsson, & Hansson, 2011 for a
review) is generally positioned along a continudmone end is a strong genetic basis
leading to two'wintering strategi€shat remain stable throughout the individual€tifne
(commonly called obligate partial migration; Bieba@d983; Lundberg, 1988; Berthold,
2001). At the other end is a combination of envinental (e.g. winter harshness) and
individual (e.g. body size and condition) factarading to two flexibléwintering tactics that
can alternate throughout the birds’ lifetime (faative partial migration; Ketterson & Nolan,
1983; Lundberg, 1988; Alcock, 2013). In the cas&otiltative partial migration, the birds’
age is assumed to influence the wintering behaviéoung birds often exhibit different

wintering distributions and site-fidelity pattertgn older birds (Cristol, Baker, & Carbone,
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1999; Marchi et al., 2010; Lok, Overdijk, Tinbergé&nPiersma, 2011). Several hypotheses
have been suggested to explain age-differentiatatian in birds. Thédominance
hypothesisassumes that migration constitutes the best ofiosubordinate young
individuals to avoid the costs related to conspecidmpetition (notably resource requisition
by more dominant adults; Gauthreaux, 1978; Towngh#885; Schwabl & Silverin, 1990).
In return, young migrant birds have to cope witkapive costs associated with migration (i.e.
travel costs and conditions in wintering groundsk,LOverdijk, Tinbergen, & Piersma, 2011;
Lok, Overdijk, & Piersma, 2015). As a result, theelihood for a bird to migrate is expected
to decrease with age. Tharrival-time hypothesissuggests that adults benefit from
overwintering nearby breeding grounds (e.g. actebstter quality mates and nesting
places), and hence predicts a shift towards wimgerloser to the breeding grounds with age
until sexual maturity (Ketterson & Nolan, 1983).cBupattern is notably expected for
territorial individuals (i.e. a sex-biased patteff)e predictions deriving from the two
hypotheses mentioned above are very similar. Bxdbntext, the dominance would
proximately influence the wintering behaviour (Gaetux 1982). More generally,
quantifying the extent of flexibility of the wintelg behaviour throughout the individuals’
lifetime and the study of the associated correletesstitute a relevant way to address the

issue of the control of partial migration.

However, investigating partial migration at thdiindual scale over a long-term
period represents a challenging field work becaadlecting individual data in large and
distant wintering quarters is difficult and requie huge amount of time. To date, only very
few studies have focused on the issue of the filityilof the wintering behaviour and on the
related consequences (see for instance Sanz-Agtiddr, 2012). In the present work, we
specifically addressed these issues in the partiaijrant French subpopulation of pied

avocetsRecurvirostra avosettdn a companion paper (Chambon et al., 2018),oued that
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three wintering tactics coexist in first-year pabcets from this subpopulation: (i)
overwintering within the natal colony sitestrictly resident tactic SR), (ii) overwintering in
sites located at a relatively short distance frbenrtatal colony (at few dozen kilometres)
along the French Atlantic coastacally resident tacti¢ LR), or (iii) reaching farther

wintering quarters, mainly in the Iberian Peninstit@ough migration‘(migrant tacti¢, M).

In addition, we highlighted the influence of coritelependent and individual factors on the
choice of the wintering tactic for first-year birasccordingly, we speculated the existence of

facultative partial migration in this subpopulation

The present study is based on a 10-year ringingegunvolving field re-sightings
data collected in Western Europe in winter. We assied several issues related to partial
migration in this shorebird species. We explore@tiver wintering tactics were fixed since
the birds’ first winter or were flexible throughatlie birds’ lifetime. We particularly
investigated whether and how tactic fidelity anctitachange over consecutive winters were
influenced by age. Under the two hypotheses de=ti@bove, we predicted a strong decrease
of fidelity to the migrant tactic with bird age the early years of life. Additionally, we
predicted similar high fidelity to the two resideattics, irrespective of age, given the
relatively short distance between natal sites (lise8R birds) and the other French wintering
grounds (used by LR birds). We also tested whettewintering tactic influenced individual
survival. This parameter is considered as bothaal gadicator of wintering habitat suitability
(Peach, Balillie, & Underhill, 1991; Schaub, Kar8aKdppen, 2005) and the most influential
fitness component of population growth rates, agssted in long-lived species (Crone,

2001).

METHODS

Data Collection and Selection
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The birds originated from five of the major breagloolonies located along the French
Atlantic coast (Fig. 1a): (ithe gulf of Morbihan, (ii) the marshes of Mesqu@n), the

marshes of Guérande, (ithe bay of Bourgneuf, including the island of Noaumier, and (v)

the island of Ré. All details on the fieldwork, @aklection, and bird categorisation in relation
to their wintering tactic are provided in Chambaomle (2018). In short, they were ringed as
chicks with a unique combination of plastic coleoings fixed on their two tiobiotarsi (plus a
metal ring from the French ringing scheme — C.R®8.] from 2006 to 2015. Given the lack
of sexual dimorphism, the gender of chicks wasded¢rmined. Furthermore, therrival-

time hypothesiscould be tested on all birds, irrespective ofgeader, since both members

of a breeding pair actively prospect for nestiracpk, then build and defend the nest (males

being not more territorial than females; Adret, 398ramp & Simmons, 1983).

From winter 2006/2007 to winter 2016/2017, a lamgéwvork of professional
ornithologists and amateur bird-watchers routiredgerved ringed pied avocets, in few
typical coastal grounds used by the species (@y-tidal mudflats), across the Atlantic coast
of Western Europe. The re-sighting effort duringt@r was considered as relatively more
intensive in France (see Chambon et al., 2018 foerdetails). Based on our full database
and given the range of migratory timing, individsiaé-sighted in France from 2®ecember
to 25" February were defined as resident birds, and iddals re-sighted from*INovember
to 3T March in distant areas were considered as midpiatis (Chambon et al., 2018). In
cases of multiple re-sightings per bird and ydsr,dlosest location to the middle of the
wintering period (i.e. 18 January) was selected in order to attribute th &arcl a single

wintering location and tactic per year.

As we were notably interested in the long-term @iBacy of the first tactic, we only
focused on individuals whose first tactic was knd@hambon et al., 2018). We

discriminated between migrant birds wintering ia therian Peninsula and those wintering

7
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northwest Europe because of putative differencegniering conditions that might bias
survival estimates. Nevertheless, owing to numeissaes, birds wintering in northwest
Europe were excluded from the dataset (only 16viddals re-sighted in northwest Europe
during their first winter, and one individual regsted in northwest Europe as adult but not
during its first winter). Ultimately, we analysedesighting database of 558 ringed pied
avocets that were re-sighted in their first wingerd for which 364 individuals were re-
sighted in subsequent winters, totalling 889 adddl bird-winters (see Table 1). Overall,
resident and migrant birds were re-sighted in 38t French sites and 6 Iberian sites,

respectively (Fig. 1a, b).

Multisite Capture-Recapture Modelling

The re-sighting database was converted into indaliéncounter histories to perform capture-
recapture (CR) analyses. Consequently, each yahe atudy period constituted an occasion.
For each occasion and individual, it was speciibéther the bird considered was re-sighted
— with the attribution of its wintering tactic (ced as 1, 2 and 3 for SR, LR and M,
respectively) — or not (coded as 0). For each iddad, the first tactic mentioned in its
encounter history referred to the tactic displagiedng its first winter. In the CR analyses,
the three tactics were considered as three diffaits, and we therefore used a multisite
(specific case of multistate) CR modelling approg&imason, 1973; Brownie et al., 1993;
Schwarz, Schweigert, & Arnason, 1993). We patrtidyltllowed the method proposed by
Grosbois & Tavecchia (2003), allowing the decompasiof a multi-step process expressed
as the product of elementary probability matricese(Appendix 1). Concretely, based on the
individual encounter histories, this method allowsdo distinguish and to provide estimated
probabilities of several parameters of interestlierpresent study: bird surviv&) from time

i toi + 1, then conditional on survival, fidelit{?) to the wintering tactic adopted at tine

between time toi + 1, and conditional on infidelity (1F), tactic changeQ) from timei to
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timei + 1, while taking the re-sighting probabilitg)(into account. Therefore, all these
parameters were estimated together for each pawrafecutive occasions in a multi-

parameter CR model.

Each parameter can be modelled as a functionvefakevariables (leading to different
candidate functions per parameter, thereafteraédteuctured), allowing to explore different
hypotheses through a model selection procedureinitied model used in the model
selection procedure was the Jolly Move (JMV) mdtat allowsS F, C, andR probabilities
to vary with site (tactic in our case) and timeag. Based on our full re-sighting database,
we noted that bird survival associated to the fastic would be strongly underestimated by
CR modelling because a fraction of the birds wagnee-sighted during the subsequent
winters while being still alive (Table 1). Moreoyewen if the survival probability estimated
by CR modelling should be considered as local (e, Burnham, Clobert, & Anderson,
1992), data exploration indicated that estimatedigal would tend more to mirror true
survival for birds re-sighted in subsequent winté&cordingly, we allowed th8 parameter
of the initial model to also vary between two atgsses: survival from the first to the second
winter of birds, and survival between two conse@utvinters since their second winter. This
two-age-classes variable typically accounted foiati@n in survival between newly and
previously encountered birds (transience effechdtiet et al., 2005; Pradel, Gimenez, &
Lebreton, 2005). Then, we tested the goodness-¢&0DF) of the initial model to ensure that
it fitted well our CR data, using the U-CARE progmae, version 2.3.4 (Choquet et al.,
2005). We removed the 3G.SR subcomponent of the B8F (linked to the transience
effect; see Pradel, Gimenez, & Lebreton, 2005 &taitk), and the adjusted level of

overdispersion was 1.30 (see Appendix 1).

The modelling procedure consisted in testing diifié structures o8, F, andC to

explore our biological hypotheses. Following Lokie@dijk, Tinbergen, & Piersma (2011),

9
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we divided our modelling procedure into three si@pd based it on the initial model. In step
1, we kept= andC structures as they were in the initial model, enedtested several
structures ors by comparing these structures and selecting thst ommpetitive one. In step
2, we tested several structuresfowhile keeping the most competiti$estructure from step
1, and keeping th€ structure as in the initial model. Finally, we &gbseveral structures on
C in step 3while keeping the most competitiandF structures from the previous steps. We
always maintained thie structure of the initial model to adjust the esties of the other three
parameters, according to potential variation indhservation effort. Furthermore, all the
structures tested ddincluded the previously described two-age-clagseable. We fixed

the survival value of the first age class to thaue rate of 0.93 (mean value when
considering resident and migrant birds, tendingai@s true survival estimate; see Table 1).

The effects of candidate variables®were only tested on the second age class.

Concretely speaking, in step 1, we tested whettee® structure of the initial model
was better supported when using a two-tactic caiegfon (resident versus migrant) for the
tactic variable, instead of the three tacticshi$ structure was retained, it would indicate that
survival was influenced by different wintering cainehs between the French and Iberian
areas. In addition, we tested the influence oidaid year on survival by removing one of
these two variables or both of them (keeping onéyttvo-age-classes variable in this latter
case) on als structures tested. In step 2, to investigate tiaria in tactic fidelity with age,
we tested whether tHestructure of the initial model was better suppostden tactic fidelity
was additionally allowed to vary with a two-, three four- age-classes variable (i.e.
distinguishing: second- and >second-winter birdspad-, third- and >third-winter birds; or
second-, third-, fourth- and >fourth-winter birdsspectively). These different age classes
rely on knowledge of the age of recruitment of padcets in the French subpopulation

(from 1 to 3 years old; Watier & Fournier, 1980;ukalin, 2017). We tested additional

10



236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

structures by including the first tactic of thedsiras a group covariate on the previbus
structures (on all age classes except the first, dm@ssess the influence of the birds’ first
tactic on their fidelity to each tactic in the sebaent winters (e.g. higher fidelity rate in
consecutive years to the first tactic in comparisoa newly displayed tactic). Once more, we
tested the influence of tactic and year on taatielity by removing one of these two variables
or both of them (keeping only the age variabléhin tatter case) on afl structures tested. In
step 3, we tested whether @estructure of the initial model was better suppwbrgdien tactic
change was additionally allowed to vary with a twtbree- or four-age-classes variable (as
defined above). Then, we tested whether thesetstagcwere better supported when
considering supplementary variation according &liinds’ first tactic (group covariate for all
age classes except the first one). The aim waspiom the preferential tactic change
between two consecutive winters according to thésbage and first tactic. Finally, we tested
the influence of year on tactic change by removing variable on alC structures. The

complete list of structures tested for each paramstprovided in Appendix 1.

We used the E-SURGE programme, version 2.1.3 (Gito&ouan, & Pradel, 2009),
to build the elementary probability matrices, amdtild and compare the different structures
tested on th& F, andC parameters. For each parameter, the comparisie afifferent
structures tested was performed using the quaskakaformation criterion corrected for
both overdispersion and small sample sizes (QABLcnham & Anderson, 2002). The
adjusted level of overdispersiot) from the GOF test was taken into account for the
calculation of the QAICc. A model was consideretéomore competitive than the others
when its QAICc was at least two units lower. Fiestimates of all parameters (means ranging

from O to 1, = SE when available) came from the elodtained in step 3.

Since we suspected a large fraction of re-sighiet$ bo exhibit a high fidelity to the

tactic displayed during their first winter, on thasis of data exploration (Table 1), we

11
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complementarily assessed their fidelity to thestfivintering site. It was performed on LR
and M birds (see Catry et al., 2012; and Appendir2nore details on the calculation of the

site-fidelity index).
Ethical Note

This paper is based on re-sightings of ringed Witds. Capture, ringing, and observations
were carried out with minimal disturbance (moreadstare available in Chambon et al.,
2018). Permit for the research programme and ringarmits for ringers involved in the
study were provided by the organisation managindsbtapture and ringing in France
(“Centre de Recherches sur la Biologie des Poputatdidiseaux — C.R.B.P.O.’ from the

French‘Muséum National d’Histoire Naturelle’).

RESULTS

Final Multi-Parameter Model

The most competitive structure on survival suppbiestep 1 of the CR analyses only
included a two-age-classes variable distinguisbingival between the first and second
winters (fixed value), and survival between consigeuwvinters in older birds (Table 2, and
see Appendix 1 for details on the model selecti®hgn, for the tactic-fidelity parameter

(step 2), the largely most competitive structuresigdered different tactic-dependent fidelity
probabilities for second-, and >second-winter birdsonsecutive years, with a variation
according to the tactic adopted during the firsttes for this last age class (Table 2). For step
3, the most competitive structure considered diffietactic-change probabilities according to
the tactic abandoned and to the tactic subsequaddypted (Table 2). The resulting final
multi-parameter model obtained was therefore (ggeeAdix 1 for details on the language

used):Sy)+a@:10F a) fra@:10) £ TactiCr.to Ret

12
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Estimates

From the final multi-parameter CR model describedva, survival estimates were very
similar according to birds’ age: 0.93 between ir& &ind second winter, and 0.90 + 0.01
between two consecutive winters in older birds. @aonal on survival, the fidelity to a
given tactic for second-winter birds was the higtiesM birds (0.98 £ 0.02), intermediate
for LR birds (0.88 = 0.03), and the lowest for SR (0.78 + 0.05; Fig. 2a). For >second-
winter birds, the fidelity to one of the two residéactics in two consecutive winters was, on
average, higher for birds that exhibited the faaatic in their first winter than for birds that
displayed another tactic as first wintering behaxi®.89—0.93 against 0.69—-0.77 depending
on the focal tactic and first tactic displayed bg birds (Fig. 2b, c). Fidelity to the M tactic
for >second-winter birds was also influenced byrtfiest wintering tactic (Fig. 2d); it was
particularly high for birds that displayed a M beioar as first tactic (0.91 + 0.05). However,
fidelity to the M tactic was also very high for ¢é originally exhibiting a SR tactic (0.92
0.08). Additionally, birds exhibiting a M tactic dng their first winter were relatively less
faithful to it in consecutive winters beyond theaed winter when compared to younger
birds (second-winter birds; differences in estiradietween the two age classes: -0.07; Fig
2a, d). Birds exhibiting one of the two residemtitzs as first wintering behaviour were
relatively more faithful to it in consecutive wimsebeyond their second winter (differences in
estimates between the two age classes: +0.11 a8 fdy SR and LR, respectively; Fig 2a,
b, ¢). Furthermore, the fidelity of individualsttweir first wintering site (conditional on the
fidelity to the first wintering tactic) was verydh for the two bird groups for which it was
calculated (see the calculation of this index irp&pdix 2): 0.96 + 0.01 for LR birddl(=

163), and 0.96 = 0.01 for M birdBl & 27). Finally, conditional on tactic change bedwewo

consecutive winters, and regardless of bird aghyituals displaying one of the two resident

13
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tactics predominantly shifted to the other resideaatic (Fig. 3a, b), and M birds mainly

became SR birds (Fig. 3c).

DISCUSSION

Studying partial migration and more precisely tRiept of flexibility of the wintering
behaviour throughout the lifetime of individualpresents a great challenge. Nevertheless,
this issue is of particular importance because alsimespecially birds, must face global
changes bound to increase in the future (e.g. Bddiggins & Green, 2014). One additional
key question is to identify the factors controllipgrtial migration. Addressing all these
guestions requires long-term data on the encotgry of marked individuals. The present
work faced a typical difficulty in such a surveysea study, i.e. a low sample size for migrant
birds (see Table 1). Even if interpretations shdnddnade with caution in such
circumstances, we are confident about our resalisarning migrant birds overwintering in
the Iberian Peninsula because they were relathvaiiyogenous within this bird group.
Furthermore, the number of re-sighted birds weistlitesulted from the fact that we were
interested in exploring the long-term consistenicthe first wintering behaviour which

forced us to only select individuals whose firshigring behaviour was known; but this
number properly reflected the low proportion ofrkale migrant birds wintering in the Iberian
Peninsula (Chambon et al., 2018). To date, fleixybdf the wintering behaviour over
lifetimes has been extremely poorly documentedamigily migrant birds (but see for

instance Sanz-Aguilar et al., 2012).

The first major finding of the present study istthged avocets originating from the
French Atlantic subpopulation displayed high fitleto their first wintering tactic over a
long-term period. This result is consistent with thork of Sanz-Aguilar et al. (2012). These

authors indeed found that wintering greater flarag@hoenicopterus roseusvere highly
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faithful to their first wintering area (they wintat either in their French natal area, in the
Iberian Peninsula, in Italy, or in Africa) acrossays. Such a result suggests that the first

winter experienced by birds largely influencesithgntering decisions in later life.

We also showed a moderate age effect on tactittfidehen distinguishing second-
winter and >second-winter birds. This effect var@dong wintering tactics. Birds displaying
a migrant tactic in their first winter were relaly less faithful to their first tactic beyond the
second winter as compared to younger (second-\yibtels, unlike individuals that firstly
displayed one of the two resident tactics. In adijtsecond-winter birds were more faithful
to the migrant tactic than to the other two residaatics. At first sight, these results tend to
support the dominance hypothesis. Neverthelesshtfpothesis predicts that fidelity to the
migrant tactic strongly decreases with age dubdastibordinate status of young birds
(Gauthreaux, 1978, 1982). Based on the relativ@itsvariation of fidelity to the migrant
tactic with age, our findings do not really suppbis. Rejection of this hypothesis appears
consistent with the low proportion of migrant biidghe French pied avocet subpopulation
(12% of first wintering birds in the present studgpd around 14% in Chambon et al., 2018),
whereas we could expect it to be very high undedibminance hypothesis. In addition, the
gregarious behaviour of wintering pied avocets (@& Simmons, 1983), and the few
agonistic interactions observed in winter highlytrast with what is outlined in the
dominance hypothesis. Under the arrival hypothésisyature individuals are assumed to
shift towards wintering closer to breeding groufids a strong decreasing fidelity to the
migrant tactic) to take fithess advantages fronviag earlier in breeding grounds until
sexual maturity (see Ketterson & Nolan, 1983),uagested in the black-backed gulafus
fuscus Marques, Sowter, & Jorge, 2010), and in the gre'@mingo (Sanz-Aguilar et al.,
2012). However, our results do not support thigligten. The relatively low variation in

fidelity to the migrant tactic with age in Frencieg avocets could be explained by the fact
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that the costs linked to the migrant tactic propata not affect individual reproductive
success. Nevertheless, Hotker (1998, 2002) sughtsiebreeders from the strictly migrant
German subpopulation of pied avocets would befreiih overwintering in closer areas to
breeding grounds. Therefore, further investigatiatdressing seasonal interactions (e.g. the
effects of wintering ground selection on the ddtaraval at breeding sites and the related
consequences on reproductive success; Lundber§, Ne8ris & Marra, 2007; Gillis, Green,
Middleton, & Morrissey, 2008) would be needed teestigate this point in our

subpopulation.

Furthermore, winter conditions probably contributedhe high rates of tactic fidelity
estimated across years. Winter weather conditiom&@own to modulate bird behaviour;
harsh winters trigger bird migration in responséteer habitat suitability, notably in food
availability (Lundberg, 1988; Newton, 2008). Gernazard Danish pied avocets are more
exposed to harsh wintering conditions than birdmfregions located at lower latitudes; this
factor probably forces them to display a strictligrant pattern (Salvig, 1995; Hotker, 1998,
2002). In addition, Hotker (1998) showed that fysar German pied avocets mainly
overwintered in France during mild winters, othessvfurther south, in the Iberian Peninsula
(Hotker, 1998). Hotker (1998) speculated that nbasts were subsequently faithful to their
first wintering region, but this assumption has a#med untested over a long period and
requires the control of winter weather conditions. (year effect) in the assessment of fidelity
to a wintering region. Since relatively mild wirdesccurred in France over our study period
(see more information in Touzalin, 2017), we carméd out that harsh weather conditions
would have significant consequences on tacticifigahd the other biological parameters of
interest we studied. In accordance with the absefbarsh winters during the study period,

the year effect was not retained in the model sielec
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Fidelity to the first wintering site (conditionahdidelity to the first tactic) was
remarkably high, as found in German pied avocetiket, 1998). Site fidelity over
successive winters is also commonly reported ierashorebirds (e.g. Burton & Evans, 1997,
Colwell, 2010; Buchanan et al., 2012; Lourencol.e816; Murphy, Virzi, & Sanders,

2017). The high fidelity to a wintering site maylicate that experience-related knowledge of
wintering grounds (e.g. the amount of food resasrtiee level of disturbance, the predation
risk) is important for individuals, as suggestegamderlingsQalidris albg Lourenco et al.,
2016). This interpretation highlights the advantagksite familiarity in winter, much more
commonly admitted during breeding (Greenwood, 180wn & Bomberger Brown, 1996;
Yoder, Marschall, & Swanson, 2004; Brown, BrownBg&azeal, 2008). Further investigations
are therefore required to test whether site figelitd consequently tactic fidelity are triggered
by wintering habitat suitability and predictabiliggs notably proposed by Robertson &
Cooke, 1999), and whether site familiarity sigrafitly influences certain fithess components

of individuals.

Tactic changes mainly resulted in wintering onfnench Atlantic coast. This result is
consistent with the mild conditions described abiovihe French wintering area over the
study period, which limited the need to adopt aramg behaviour to cope with wintering
conditions. Furthermore, given the high tacticiigerate over consecutive years, tactic-
change events were relatively limited at the irdlinl scale for most of the birds; they may be
partly linked to the shift to the mate’s winterisige as suggested in the greenland white-
fronted gooseAnser albifrons flavirostrisMarchi et al., 2010). The pied avocet is indeed a
monogamous mating species in which pairing mayikest for more than one season
(Cramp & Simmons, 1983; Chambon et al., unpublistegd), making this hypothesis

plausible.
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The survival estimate was particularly highQ.90) and did not differ among
wintering tactics (i.e. the tactic effect was retiained by the model selection). These values
are consistent with the high life expectancy ofspecies (Cramp & Simmons, 1983; personal
obs.). Furthermore, survival can be viewed as &ypob wintering site quality (Peach, Baillie,
& Underhill, 1991; Schaub, Kania, & Koppen, 200B)this case, most of the wintering sites
in France and in the Iberian Peninsula that hosied avocets over the study period can be
qualified as suitable. Lok, Overdijk, TinbergenPdersma (2011) and Sanz-Aguilar et al.
(2012) reached the same conclusion based on higlvaluestimates for spoonbill$fatalea
leucorodia leucorodi and greater flamingos, respectively, which aléater in Iberian sites.
The absence of harsh winters during the study genay explain both the high survival
estimates and the fact that year effect was nained in the model selection related to the
survival parameter. In accordance with this exgianaSanz-Aguilar et al. (2012) showed

that punctual harsh winters may strongly affeat lsurvival.

To conclude, based on a 10-year ringing study, vesved very high fidelity of pied
avocets to their first-wintering tactic (SR, LR,Mj, slightly influenced by age. Even if
flexibility in tactic fidelity at the individual leel was limited, it supports the facultative pdrtia
migration hypothesis (Lundberg, 1987; Chapman, Brérk, Nilsson, & Hansson, 2011,
Alcock, 2013). Moreover, in a companion study (Cbamet al., 2018), we highlighted the
combined influence of context-dependent (natalmpks a proxy of habitat quality in winter,
and hatching date) and intrinsic (body conditioa)iables on the probability for first-year
pied avocets to exhibit one of the three wintetangjics in their first winter; this also supports
the hypothesis of facultative partial migration. lso assume that individual behavioural
flexibility would be higher under harsher winteriognditions. Additional factors known to
influence the choice of the wintering tactic, atitmately tactic fidelity throughout the birds’

lifetime (e.g. density-dependence, immune functpersonality: Chapman, Bronmark,
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Nilsson, & Hansson, 2011; Vélez-Espino, McLaughérRobillard, 2013; Hegemann, Marra,
& Tieleman, 2015) could play a role in the casgiefl avocets. Investigating the relative
importance of possible genetic factors would batrest. The threshold model of migration
advocates that (i) the mechanisms involved in tiverol of partial migration imply a genetic
basis, and (ii) that environmental factors may rfyottie threshold that determines whether
the genetic predisposition to migrate is expressawt (Pulido, 2011). For instance,
assessing whether only migrant birds physiologygailepare for migration (e.g. levels of
baseline corticosterone; Fudickar et al., 2013)ld/be an interesting perspective in this

context.
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Appendix 1
Multisite Capture-Recapture Modelling Process

The elementary probability matricekS;(initial state probabilities — the probability fan
individual observed for the first time to adopt arfehe three wintering tactic§, survival,F:
tactic fidelity, C: tactic change, an&: re-sighting) were defined in E-SURGE programme
(GEPAT module) version 2.1.3 as described belowuitd the different models to be tested.
Respectively,Fi’ and ‘Le’ mean fidelity to a given tactic and leaving thedbtactic. The
‘dead state and'not seeh event are represented bynd O, respectively. Estimates are
represented by letters within the matrices (I, S,TCand R), and complements (1 minus

estimate) are represented by *.

SR S - - =
IR - s - %
S T M - - s
T___*

SR F * - - - -
IR - - F *x -
M - - - - F -
T - - - - - - *

FiSR * - -
leSk - C * -
FLR -  * - -
C = LelR * - C -
FiM *
leM C * -
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0 SR LR M

SR * R - -

_ LR * - R -

R = wm =+ . - R

653

654 Table Al, A2 and A3 summed up the results of thedgess-of-fit test of the initial model,
655 the complete list of structures tested on eachnpeter of interest (survival, tactic fidelity and
656  tactic change), and the results of the model seleett each step of the modelling procedure,

657  respectively.
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Appendix 2

Site Fidelity Index

We investigated site fidelity since the first wintd the birds, conditional on fidelity to the
first wintering tactic. Site fidelity was estimatadiependently for the locally resident (LR)
and migrant (M) tactics. For this purpose, we @diected the occasions for which re-
sightings matched the first tactic of the birdst €ach bird, we calculated a site-fidelity index

(SFI), as described in Catry et al. (2012):

ni—1 i
SFI =1 — P

n—1 oi—1

This index, ranging from 0 (no fidelity) to 1 (cotate fidelity), takes into account the
number of sitesn() used by individual, the total number of surveyed site3, (the number
of site changen() performed by individual and the total number of sightings) of
individuali. In our case, for each bird qualified as LR irfitst winter,n was set to 11 (i.e.
the 12 French wintering sites involved in the pnéstudy minus one site — natal site —
corresponding to the strictly resident tactic facte bird; Fig. 1a), andi was the total number
of occasions that matched the LR tactic. For eachdualified as M in its first wintem was
set to 6 (i.e. the 6 Iberian wintering sites inhin the present study; Fig. 1b), aridvas
the total number of occasions that matched thedtictalhe SFI was calculated for 163 and
27 birds displaying a LR or M tactic as first wintg behaviour, respectively. Lastkyi
ranged from 2 to 9 (with a median value of 3), apstematically included the first occasion

(winter).
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716

TABLES

Table 1. Summary of the individual encounter historieshaf pied avocets studie € 558)

Tactic 1st Winter Subsequent Winters

Re-Sighted Non-Resighted
SR LR M  Multiple Alive NA

SR 212 99 34 2 14 53 10
LR 279 29 142 2 11 81 14
M 67 3 1 24 3 30 6

The table should be read as follows: from the 2idskexhibiting a strictly resident wintering
behaviour (SR: wintering in the natal site) in tHeist winter, 99 kept the same behaviour, 34
changed to a locally resident behaviour (LR: wiimiggin another French Atlantic site; at a
variable age), 2 changed to a migrant behaviournwtering in the Iberian Peninsula; also at
a variable age), and 14 exhibited variable wintgbehaviours (calletMultiple’) throughout
their individual encounter history. For the restha birds adopting a SR behaviour in their
first winter, 53 were subsequently re-sighted i ltiheeding and post-nuptial periods
(therefore considered as alive after the first @iptand 10 were never re-sighted irrespective
of the period of the annual cycl&NA’). Consequently, true survival rate related tofitss
winter for SR birds was close to 0.95.
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717  Table 2. Model selection at each step of the modelling pdoce from E-SURGE programme
718

Parameter Structure k Deviance QAICc AQAICc Akaike Weight
S a(1l)+a(2:10) 93 4574523 717.78 0.00 0.71
S a(1l)+a(2:10).f(1 2,3) 94 4575.28 720.63 2.85 0.17
S a(1)+a(2:10).f 95 4573.223721.36 3.58 0.12
F a(1).f+a(2:10).f. Tactic 75 4582.08 683.00 0.00 0.80
F f 66 4614.13 3687.74 4.74 0.07
F a(1,2,3:10).f 72 4597.203 687.96 4 .96 0.07
F a(1,2:10).f 69 4 607.653 689.36 6.36 0.03
C f.to 48 4 600.76 3 638.41 0.00 0.63
C a(1,2:10).f.to 51 4595.363 640.70 2.28 0.20
C a(1,2,3:10).f.to 54 4588.113 641.58 3.17 0.13
C a(1,2,3,4:10).f.to 57 4583.313 644.38 5.97 0.03
C a(l1).f.to+a(2:10).f.to.Tactic 57 4 586.59 3 646.90 8.49 0.01

719

720  Step 1: survival parameteg)( step 2: tactic-fidelity parametef)( and step 3: tactic-change
721  parameter @). For each parameter, only structures WAtQAICc < 10 were reported in the
722  table. The description of the E-SURGE language tsduild the different structures, and the
723 complete list of structures tested are availablépgpendix 1.

724
725
726
727
728
729
730
731
732
733

734
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735
736
737
738
739
740
741

742

743

744

745

746

747

748

749

750

751

752

753

754

Table Al. Results of the different subcomponent:
goodness-of-fit (GOF) test of the Jolly Move (JMV)ael,
using U-CARE programme (version 2.3.4)

Test X p df ¢
WBWA 43.82 0.00 16 2.74
3G.SR - - - -
3G.SM 62.47 0.83 74 0.84
M.ITEC 26.08 0.02 13 2.01
M.LTEC 9.24 0.16 6 1.54
Global test* 141.61 109 1.30

The 3G.SR subcomponent was removed to adjust tialgl
level of overdispersiort(of the Global test*) in accordance
with the S structure of the initial model used in the model
selection procedure. The meanings of all subcommsreee
described in Choquet et al. (2005) and Pradel, Gane&
Lebreton (2005).
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755  Table A2. List of all the different structures tested on $ual/ (S, stepl), tactic-fidelity

756  (F, step 2) and tactic-changg, (step 3) parameters

757

Sstructures (step 1)

F structures (step 2)

C structures (step 3)

a(l)+a(2:10).f.t

a(1)+a(2:10).f(1 2,3).t

a(l)+a(2:10).f

a(1)+a(2:10).f1 2,3)

a(1)+a(2:10).t
a(1)+a(2:10)

fit
a(1,2:10).f.t
a(1,2,3:10).f.t
a(1,2,3,4:10).f.t
a(1).f.t+a(2:10).f. Tactic.t
a(1).f.t+a(2,3:10).f. Tactic.t
a(1).f.t+a(2,3,4:10).f. Tactic.t
f
a(1,2:10).f
a(1,2,3:10).f
a(1,2,3,4:10).f
a(1).f+a(2:10).f.Tactic
a(1).f+a(2,3:10).f. Tactic
a(1).f+a(2,3,4:10).f. Tactic
t
a(1,2:10).t
a(1,2,3:10).t
a(1,2,3,4:10).t
a(1,2:10)
a(1,2,3:10)
a(1,2,3,4:10)

f.to.t
a(1,2:10).f.to.t
a(1,2,3:10).f.to.t
a(1,2,3M:fto.t
a(1pftt-a(2:10).f.to. Tactic.t
a(1pftta(2,3:10).f.to.Tactic.t
a(1).f.to.t+a(2,3,@).f.to.Tactic.t
f.to
a(1,2:10).f.to
a(1,2,3:10).f.to
a(1,2,3,4:10).f.to
a(1).f.to+a(2:10).f.to. Tiact
a(1).f.to+a(2,3:10).fKactic
a(1).f.to+a(2,3,4:1@pfTactic

758  The structures follow the language used in the GEMAmodule of E-SURGE

759  programmelS was typically allowed to vary among tacti¢{), andR was allowed to
760  differ among tactics'{’) and years‘{’). For instance, the three-age-classes variable
761  distinguishing tactic fidelity or tactic change fcond-, third- and >third-winter birds
762  was codeda(1,2,3:10) (10 ‘year old being the older age allowed by our study period;
763  ‘a(1,2,3:10) equivalent tda(1)+a(2)+a(3:10) and for instancéa(1,2,3:10).f equivalent
764  to ‘a(l).f+a(2).f+a(3:10)X). In steps 2 and 3Tactic referred to the tactic displayed by
765  birds in their first winter (group covariate). FOrstructure, the site variable involved a
766  variation of the probability of adopting a givertia between the two possible other
767  ones, according to the tactic abandoriétb(). The structures of the first line

768  corresponded to the initial Mod&;)+a@:10).1.F 1t Criot Ret

769

770

771

772

773

774
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775

776
777

Table A3. Details of the model selection result at each efdhe modelling procedure

from E-SURGE programme

Parameter Structure k Deviance  QAICCAQAICc  Akaike Weight
S a(1)+a(2:10) 93 457452 3717.78 0.00 0.71
S a(1)+a(2:10).f(1 2,3) 94 457524 3720.63 2.85 70.1
S a(l)+a(2:10).f 95 4573.22 3721.36 3.58 0.12
S a(1)+a(2:10).t 101 4566.34 3729.89 12.11 0.00
S a(1)+a(2:10).f(1 2,3).t 110 456149 374712 29.34 0.00
S a(1)+a(2:10).f.t 119 4553.68 3762.35 44.57 0.00
F a(1).f+a(2:10) f.Tactic 75 458209 368300  0.00 0.80
F f 66 4614.13 3687.74 4.74 0.07
F a(1,2,3:10).f 72 4597.20 3687.96 4.96 0.07
F a(1,2:10).f 69 4607.65 3689.36 6.36 0.03
F a(1,2,3,4:10).f 75 459269 3691.16 8.16 0.01
F a(1,2:10) 65 4623.09 3692.43 9.43 0.01
F a(1,2,3:10) 66 462044 369259 9.59 0.01
F a(1,2,3,4:10) 67 462031 369470 11.70 0.00
F a(1).f+a(2,3:10).f. Tactic 84 4578.06 3700.07 I7.0 0.00
F a(1).f+a(2,3,4:10).f. Tactic 93 455359 3701.69 .698 0.00
F t 73 4613.15 3702.45 19.45 0.00
F a(1).f.t+a(2:10).f.Tactic.t 102 454554 3716.20 3.2 0.00
F f.t 93 457452 3717.78 34.78 0.00
F a(1,2:10).t 82 460813 371869  35.69 0.00
F a(1).f.t+a(2,3:10).f.Tactict 111 4530.75 3725.8242.82 0.00
F a(1,2,3:10).t 90 4597.74 3728.81 45.81 0.00
F a(1).ft+a(2,3,4:10).f.Tactict 120 4530.46 3B¥6. 63.87 0.00
F a(1,2:10).f.t 120 4535.63 3750.85 67.85 0.00
F a(1,2,3:10).f.t 144 450592 3786.16 103.16 0.00
F a(1,2,3,4:10).t 97 467236 380222 119.22 0.00
F a(1,2,3,4:10).f.t 165 448258 3820.90 137.90 0.00
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Table A3. (continued

Parameter Structure k Deviance  QAICCAQAICc Akaike Weight
c f.to 48 4600.76 363841 0.00 0.63
c a(1,2:10).f.to 51 459536 3640.70 2.28 0.20
c a(1,2,3:10).f.to 54 4588.11 364158 3.17 0.13
c a(1,2,3,4:10).f.to 57 458331 3644.38 5.97 0.03
c a(1).f.to+a(2:10).f.to. Tactic 57 4586.59 3646.90 8.49 0.01
c a(1).f.to+a(2,3:10).f.to.Tactic 66 457461 3697.3 18.93 0.00
c a(1).f.to+a(2,3,4:10).f.to.Tactic 75 4563.43 368 30.23 0.00
c fto.t 75 458191 368286 44.45 0.00
C a(1,2:10).f.to.t 102 455490 3723.40 84.99 0.00
c a(1,2,3:10).f.to.t 126 454209 3770.16 131.75 00.0
C a(1).f.to.t+a(2:10).f.to.Tactic.t 140 452775 372 154.70 0.00
C a(1,2,3,4:10).f.to.t 147 4530.28 3812.33 173.92 .000
c a(1).f.to.t+a(2,3:10).f.to.Tactic.t 187 4510.86 8%.74 261.33 0.00
C a(1).f.to.t+a(2,3,4:10).f.to.Tactic.t 220 4 496.913 978.48  340.06 0.00

778  Step 1: survival paramete®)( step 2: tactic-fidelity parametef); and step 3: tactic-

779  change paramete€). The model corresponding to the most competgivecture for

780 each parameter of interest is in bold. Each moa@el mun three times with different initial
781  parameter values to ensure convergence to the faleggmnce (Lebreton & Pradel,

782 2002). Overall, the best model can be written #6\is: Sy1)+a@:10)Faq).f+a@:10) . TactiCrto
783 Ry

784

785
786
787
788
789
790
791

792
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FIGURE LEGENDS

Figure 1. Location of the wintering sites used by the 55eith pied avocets of the study: (a)
the 12 French sites used by resident birds (folgvdecreasing latitudes: the Ria of Pont
I’Abbé, the Gulf of Morbihan — Mo, the Estuary ef Vilaine and Pénerf, the marshes of
Mesquer — Me, the marshes of Guérande — Gu, thre Esituary, the Bay of Bourgneuf — Bo,
the marshes of Olonne, the Bay of Aiguillon, tHansl of Ré — Re, the marshes of Moéze-
Oléron, and the Arcachon Bay), including the fiadony sites (empty circles) from the birds
originated, and (b) the 6 sites used by migranviddals in the Iberian Peninsula (following
the coast from North to South: the Tagus Estuaey Sado Estuary, the marshes of Tavira,

the marshes of Odiel, the marshes of the Guadatquuer, the Bay of Cadiz).

Figure 2. Estimates (+ SE) of fidelity to: (a) the first v@ming tactic displayed by pied
avocets between their first and second wintersofsevinter birds), then (b) the SR (strictly
resident), (c) the LR (locally resident), and (g ™M (migrant) tactics between two
consecutive winters in older birds (>second-witiedls) in relation to the wintering tactic
adopted during their first winter. Grey circles regent the estimate obtained when the focal

tactic matched with the first wintering tactic bktbirds.

Figure 3. Estimate (+ SE when available) of each tactic-gegorobability between two
wintering tactics (arrows), conditional on infidglio a given tactic (grey circles) in two
consecutive winters: (a) from the strictly residimtic (SR), (b) from the locally resident

tactic (LR), and (c) from the migrant tactic (M).
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