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INTRODUCTION

This introduction is arranged in three sections. The first section looks at the
wintering season as an important part of the annual cycle of migratory birds, with an
insight into some theoretical aspects of migration and wintering, and the demographic
consequences of the different strategies. The second section presents the issue of bird
conservation through the protection of important areas for wintering populations, and
how this applies to seabirds. The third section introduces the study system and the study
organism, the Mediterranean Gull, summarising current knowledge on the species and
the historical evolution of its spatial distribution, both in the wintering and the breeding

season.

Part | - Bird population dynamics in the wintering
season

Migration as a strategy to face environmental changes

In temperate regions, the winter period is typically associated with cold
temperatures and fewer light hours, and often with reduced food availability. Birds
respond to the difficulties of winter in a number of ways, the commonest of which are to
avoid costly investments like reproduction and territoriality. As a consequence, it is
frequent for birds to increase sociability during the winter, aggregating to search for food
and to avoid predators more efficiently (Senar & Borras 2004). Particularly where
weather conditions are harsh, many birds suffer increased mortality during this part of
the year (Newton 1998; Barbraud, Barbraud & Barbraud 1999; Daunt ef a/. 2005; Harris,
Frederiksen & Wanless 2007).

One strategy to overcome the difficulties associated with the winter period is to
migrate to southern regions to find mild weather. By travelling to lower latitudes, birds
find more productive environments, and thereby increase their overall chances of
survival. This may carry costs, as annual mortality in long-distance migratory species is

not concentrated in summer or winter but during the migration periods (Sillett & Holmes



2002; Sanz-Aguilar, De Pablo & Donazar 2015) or is shared between the migration and
other parts of the cycle (Buehler & Piersma 2008). The general result must be positive,
because migratory strategies have evolved by providing improved survival or fitness to
the individuals that engage in long-distance journeys, over those that remain resident

(Lack 1954).

Even if the winter does not cause direct mortality, the conditions encountered
during those months may have important effects for the individual. For several long-
distance migrants, it has been demonstrated that carry-over effects may project onto the
following breeding season, influencing breeding performance or even the probability of
survival several months after the end of the wintering season. Such effects have been
described for White Stork Ciconia ciconia (Kanyamibwa et al. 1990), Pink-footed Goose
Anser brachyrhynchus (Kéry, Madsen & Lebreton 2006), Lesser Kestrel Falco naumanni

(Mihoub ef al. 2010) and Turtle Dove Streptopelia turtur (Eraud et al. 2009).

Populations of migratory birds can be limited primarily by events affecting survival
during one part of the year differentially more than others (Sherry & Holmes 1995;
Newton 1998). Studies covering the whole year are rare, and much of the evidence is
deductive, based on the findings on survival during only part of the year, and an
extrapolation to the rest (e.g., Blackburn & Cresswell 2015). Populations may be limited
by differential mortality in breeding or in wintering areas, or perhaps mortality may be
evenly spread throughout the year (Newton 1998, 2008). The distinction has implications
for conservation, as the protection of the wintering areas would play a greater role for the
long-term viability of the global population, relative to the conservation of the breeding

sites, in a winter-limited species.

Nonetheless, despite a potentially crucial role in population dynamics and in
species conservation, the wintering period still remains a ‘black box’ in our understanding
of the annual cycle of many bird species. The demographic processes in wintering areas
are largely unknown because of the difficulties in monitoring birds of unidentified origin
that move freely over large areas and due to the problem of finding discrete populations

suitable for monitoring (Robertson & Cooke 1999).
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General rules, and exceptions, of birds’ migratory strategies

Many birds perform long and complex migrations and in terms of direction, the
majority of seabirds tend to travel on a north-south axis, although some species also
move on an east-west axis, crossing from one side of an ocean to another, and in the
process keep roughly in the same latitude (Berthold 2001). Among gulls, the
predominant strategy is a southbound migration to lower latitudes, although some
species stay in the general area where they live, even in Arctic waters, throughout the
winter. The Mediterranean Gull is another exception to the general latitudinal rule in gull
migration. It is the only western Palearctic gull species to migrate across longitudes
(Burger, Gochfeld & Bonan 2014) and is in fact one of the very few bird species in the
Afro-Palearctic flyway with a migration pattern that is on an east-west axis, instead of the

more common north-south, or northeast-southwest, axis (Newton 2008).

In terms of migration length, populations are generally not uniform, as the
distance travelled often differs between portions of a population (Cristol, Baker &
Carbone 1999). By spending the wintering season in separate areas, different members
of a population may face varying degrees of interspecific competition, predation,
inclement weather and food scarcity The majority of migratory species show evidence of
differential migration, or geographic segregation of age or sex classes of individuals
within the same population (Cristol, Baker & Carbone 1999). Adult males generally
remain closest to the breeding areas, while juvenile birds travel the farthest (Berthold
2001). Differential migration by age is the dominant strategy also among European
seabirds, including gulls, as there is evidence that young birds migrate longer distances
than adults in most species (Fig. 1; Siriwardena & Wernham 2002). Specific studies have
demonstrated, for example, that Audouin’s Gull Larus audouinii and Lesser Black-
backed Gull L. fuscus change individual migratory behaviour as they grow in age (Oro &

Martinez 1994; Marques, Sowter & Jorge 2010).
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Fig. 1. Differential migration in several species of gulls as shown by the median latitude of the

ringing recoveries of adult (crosses; n = 1160) and immature (black dots; n = 2125) birds from the

British Isles. Notice that Larus argentatus and Larus marinus are non-migratory, and that immature

birds are found further north in one species, Larus canus. Data from Siriwardena & Wernham

(2002).

The absence of differential migration is only found in about one tenth of all
migratory species and is thought to evolve under unusual circumstances. So far it
remains unexplained why in those few species all sex and age classes migrate the same
distance despite differences in body size (males vs. females) and in breeding role (adults
vs. young) (Cristol ef al. 1999). Non-differential migration is rare and there is little
empirical evidence for it, or for the ecological and behavioural reasons behind it, except
for those species where parents and offspring travel together. Strong site fidelity and
nondifferential migration should logically be associated in a certain manner, because the

advantages of site fidelity would be lost if individuals moved to different wintering areas

as they age. However, that linkage has not been explored.
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Variations on a migratory theme: alloheimy and synheimy

Spatial segregation also occurs between migratory populations of the same
species. This phenomenon, known as alloheimy (Fig. 2), is common to most long-
distance migrants (Bell 2000). In every species, each distinct breeding population tends
to have its own preferred wintering area, which individuals use preferentially every year,
although there are variable degrees of mixing with other populations. Studies of tagged
water- and seabirds have shown that many individuals spent the winter period in
relatively small, well defined winter home ranges (Phillips ef al. 2003; Leyrer et al. 2006;
Kubetzki ef al. 2009), which suggests a specialised use of certain areas. At a population
level, Gonzalez-Solis ef al. (2007) demonstrated that breeding populations clearly
differed in their preference amongst their three major wintering regions; however, they
also showed substantial sharing of the same space. In a tracking study of Black-legged
Kittiwake Rissa tridactyla from multiple colonies, Frederiksen ef al/ (2012) found that
birds breeding in various regions across the species’ Atlantic range also showed
substantial spatial overlap in winter. Hestbeck, Nichols & Malecki (1991) studied
movement and site-fidelity of Canada Geese Brania canadensis in three distant areas
and found that considerable movement occurred among large-scale regions and that,
although birds showed strong site fidelity to the wintering areas, geese were also

opportunistic in selecting their winter quarters.
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Fig. 2. Distribution of the breeding and wintering areas of the Lesser White-fronted Goose (Anser
erythropus) in Eurasia, with the migratory routes connecting them. This is a good example of

alloheimy, or geographical segregation of populations of the same species. Map layout: Grid-
Arendahl, Original data: Norwegian Ornithological Society, WWF Finland, Swedish Association of
Hunting and Wildlife Management.

In general, alloheimy is the result of differential survival in each separate

wintering area, which leads to the selection of the area with the best winter survival
through selective competition in the breeding population. The opposite phenomenon,

synheimy, is the co-occurrence in a wintering area of birds from different breeding

populations (fig. 3). It is only maintained under special circumstances. As a rule, it occurs

transitorily after recent alteration and as birds change their behaviour and shift gradually
from synheimy to alloheimy (Newton 2008).
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Fig. 3. Breeding areas and migratory routes of Mediterranean Gulls (Larus melanocephalus)
wintering in the study system. The general wintering area (black box) is used by birds from different
breeding populations, spanning over 30° of longitude and represented here by the centroid of their
nesting colonies. The lack of geographical segregation may be indicative of synheimy. Map source:
Carboneras et al. (2013).

Winter site-fidelity and winter population structure

In the past, seabirds were believed to simply disperse more or less widely over
the ocean outside the breeding season (e.g. Lockley 1974; Nelson 1980) with no specific
destination. That idea has now been abandoned, as there is growing evidence that
several taxa distribute unevenly, and aggregate following heterogeneities of the marine
environment. This is the case of albatrosses (Mackley ef a/. 2010), gannets (Kubetzki ef
al. 2009), skuas (Phillips et al. 2007) and auks (Harris et a/. 2009). With individual year-
round tagging of animals, it has also become increasingly known that some individuals —
but not all — in certain species use the same areas repeatedly over the years (lverson,
Esler & Rizzolo 2004; Phillips et al. 2005; Quillfeldt, Voigt & Masello 2010; Meier et al.
2015) and that the presence of birds in certain areas may be predictable, given certain

conditions, at the appropriate time scale (Robertson & Cooke 1999; Arcos ef al. 2012).
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Site-fidelity measures the individual tendency to return to the same location. Most
birds show high levels of site-fidelity to the breeding areas, and return annually to the
same territories or colonies, probably in order to find similar conditions and to benefit
from their previous knowledge of the area (Greenwood & Harvey 1982). But it is less
known whether birds have a similar tendency to return to specific areas for wintering, or
the advantages and disadvantages associated with that strategy (Berthold 2001). The
question is particularly relevant for seabirds, as habitat discontinuities are less obvious in

the marine environment.

Site-faithful individuals have the selective advantage that they can rely on local
previously-acquired knowledge, whereas dispersers are continually confronted with
novel environments. On the down side, however, individuals that are closely tied to an
area may be missing opportunities elsewhere. There is always a trade-off between the
benefits and the costs of dispersal, which leads to the existence of different strategies
(Clobert, de Fraipont & Danchin 2008). Perhaps the season of the year when it would be
more reasonable to expect a nomadic strategy would be the non-breeding season,
because it is then that birds are in theory free to travel and their movements are not

conditioned by central-place foraging (lverson & Esler 2006).

Winter site fidelity has been well documented among geese, ducks and waders
(Phillips ef al. 2003; Leyrer et al. 2006; Iverson & Esler 2006; Guillemain ef a/. 2009) but
it is a less well-known behaviour among seabirds (Harris ef al. 2009; Grist ef al. 2014).
The reasons for such a difference may lie partly with the difficulties of documenting
behaviour in seabirds that distribute potentially over vast extensions, but they may also
be intrinsic. Winter site-fidelity would be more likely where resources are stable and
predictable, but those conditions are often rare in the marine environment (Hyrenbach,
Forney & Dayton 2000). In terms of conservation, site-fidelity may be relevant when a
significant fraction of a population of a species of conservation concern shows
attachment to an area or a specific site, since the protection of that site can bring positive
outcomes on a population level. Moreover, there is a link between site-fidelity and
genetic differentiation, so that high levels of site-fidelity would lead to the genetic

structure of populations and their relative isolation (Robertson & Cooke 1999).
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Populations with strong winter site-fidelity can evolve into a metapopulation
structure in situations where the groups of animals occur in isolated groups
(subpopulations) that become demographically independent and there is only limited
exchange of individuals through dispersal (Esler 2000; box 1). There are important
conservation implications of a metapopulation structure, because the probability of
extinction is specific to each subpopulation (Gilpin & Hanski 1991) and the probability of
rescue is dependent on the rates of dispersal (Reed 2004). Esler (2000) provides several
examples of metapopulation structure in wintering populations of migratory birds,
including ducks, waders and landbirds (Fig. 4). Further, in a theoretical study of
metapopulations among colonially breeding birds and mammals, it has been shown that
strong site fidelity actually reduces the connectivity between subpopulations, especially
among species with high conspecific attraction. This may delay or even prevent full
occupation of potential sites and the colonization of new areas (Matthiopoulos, Harwood

& Thomas 2005).
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Box 1. Demographic independence and metapopulation structure

Esler (2000) analysed the degree of demographic independence among subpopulations—and thus of the
applicability of metapopulation theory—throughout the entire annual cycle of migratory birds. For
metapopulation theory to apply, in its classical definition, (1) subpopulations must be sufficiently
independent that extinction of a subpopulation can occur irrespective of the demographics of other
subpopulations and (2) dispersal among subpopulations must be frequent enough that recolonisation of
extinct subpopulations can occur. Subpopulations can be considered to be demographically independent
when the above criteria apply; panmixia occurs when subpopulations, in the metapopulation context, do
not exist because of a lack of independence of extinction probabilities. The term subpopulation applies to
either breeding or wintering areas and may be defined as groupings of birds that are demographically
independent. Instances of demographically distinct groups with no probability of exchange of individuals
would be appropriately described as isolated and cannot be considered under the metapopulation
construct.

a. b.
Breeding Breeding
Winter Winter

C. d.

Breeding Breeding

Winter Winter

Fig. 4. The four scenarios of spatial and temporal dynamics of migratory birds between
breeding and wintering areas described by Esler (2000). Ovals represent geographically
distinct groups, solid arrows represent migration, and dashed arrows represent dispersal.
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Small-scale movements within the wintering season

A number of species move between different areas within the same winter,
normally in response to variation in food supplies, but also after spells of bad weather
and in response to disturbance (Newton 2008). Individual mobility and population
turnover at the wintering sites have been best studied among geese (Giroux 1991;
Phillips ef al. 2003; Swann ef al. 2005) and ducks (Caizergues ef al. 2011; Gourlay-
Larour ef al. 2013) and it is also known to occur in other waterbirds, e.g. storks (Archaux,

Henry & Balancga 2008).

The level of individual movement through a wintering locality will be given by the
total turnover of individuals per fraction of time. This is an important indicator of the
importance of that site for the overall population and it can be used as a useful metric to
compare the conservation value of sites. The study of population turnover has evolved
as methodologies have progressed. The basis has been provided by capture-recapture
methods, which allow for the estimation of immigration and emigration probabilities to
and from the selected area (Pradel ef a/ 1997; Schaub ef al. 2000; Frederiksen et al.
2001); models have been derived from the empirical evidence that as individual birds
move on to continue their voyage, they may be replaced in the same area by
conspecifics. Schaub ef al. (2000) estimated with precision the duration of stopover
phases of migratory landbirds using capture-recapture data, e.g., as they cross the
Sahara desert. Later, Frederiksen ef al/. (2001) developed proposed a technique to
estimate the total number of migratory geese using a staging site, and Hotker &
Frederiksen (2001) applied the same methodology to estimate the total number of
Avocets Recurvirostra avosetta using a moulting site in the Danish Wadden Sea. Until
this study, the method has not been used to estimate the conservation value of a

wintering area for gulls or other seabirds.

Part Il - Conservation: a wintering area perspective

In recent years, following the overexploitation of marine resources and the

widespread destruction of coastal habitats, much effort has been devoted to identifying
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important areas for the conservation of seabirds, a group of species whose status is
deteriorating faster than that of any other group of birds (Butchart ef a/. 2004; Paleczny
et al. 2015). A lot of effort has been put into describing the defining features, biotic and
abiotic, that lead to the identification of key sites and into assessing their adequate size
and limits (Boyd ef al. 2008; Wilson ef al. 2009; Ronconi et al. 2012). Most systems
ultimately aim at identifying the location of discrete hotspots of activity that are relevant
for a substantial fraction of the population of a single species or a community of species
(Lascelles et al. 2012). For waterbirds, the Ramsar Convention on Wetlands set an
objective threshold of 1% of a biogeographic population for an area to qualify as of
international importance for conservation, and the same criterion has been applied to
other bird taxa, particularly for the identification of Important Bird Areas or IBAs in the
breeding season (BirdLife International 2010). The 1% criterion, and the numerical
thresholds established by Wetlands International (2015), have also been used to identify
marine IBAs beyond the limits of the breeding colony and, especially, in the non-

breeding season (Archaux ef al. 2008; Lascelles ef al. 2012).

The Mediterranean Gull is listed in Annex | of the Birds Directive (2009/147/EC)
and, consequently, it should be the focus of special conservation measures, including
the classification of the most suitable territories as Special Protection Areas (SPAs). The
1% criterion for this species has been set at 770 individuals (Wetlands International
2015); therefore, any site regularly holding at least 770 Mediterranean Gulls should be
given protected status. A ‘site’ is defined as “a discrete area of habitat that can be
delineated and, at least potentially, managed for conservation”, (BirdLife International

2010).

In the designation of Marine Protected Areas, there has been some debate
around the utility of a single-species approach versus an approach that focuses on the
identification of multi-species aggregation hotspots (Ronconi et a/. 2012). The dominant
preference is for a multi-species approach based on the overall abundance and/or
species diversity; this is currently being used to identify networks of sites across large
spatial scales (Lascelles ef al. 2012). Current methodologies focus on the identification

of areas where important activities like feeding, breeding or migration take place, but
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they are likely to create a gap when the spatial needs of a population are greater. Ideally,
networks of protected areas should be designed to safeguard the long-term viability of
the target populations, taking into account the demographic processes (survival,

recruitment, dispersal) that ultimately define their viability.

Part Il - Study species and study system

The Mediterranean Gull Larus melanocephalus Temminck 1820 is a small to
medium-sized gull (215 — 350 g) that occurs typically in large monotypic aggregations, or
associated to other medium-sized gulls, along the shores of the Mediterranean and
Black Seas (Bekhuis, Meininger & Rudenko 1997). It is also found on the Atlantic coasts
of Europe and inland, near rivers or wetlands, particularly during the breeding season
(Fig. 5). It nests in dense colonies near coastal lagoons, steppe lakes and marshes in
open lowland areas, favouring sparse vegetation, often breeding with other species of
gulls or terns (Burger, Gochfeld & Garcia 2015). In the non-breeding season, it occurs
almost exclusively on coastal habitats, feeding mostly offshore on trawl discards, but
also on invertebrates in the intertidal zone and on the hinterland, on invertebrates and
olives (Cama ef al. 2011). Mediterranean Gulls regularly visit fishing harbours in search
of discards from fishery but they only rarely scavenges at rubbish tips, in contrast with
other gull species (Burger et al/. 2015). The species shows some degree of sexual
dimorphism, males being appreciably larger and longer-legged, and with longer, stubbier
bills; however, there is some overlap and individuals cannot be sexed safely in the field.
In the wintering season, adult birds have typically all-white body (except for a few dark
markings on the head) and wings, a plumage that is acquired in the third year of age
(Olsen & Larsson 2004). Juvenile birds show a distinct pattern of grey, brown and black

and are easily distinguishable at a distance.

Phylogenetically, the Mediterranean Gull is one of the six species in the “black-
headed” clade of gulls, together with Audouin’s Larus audouinii, Relict L. relictus, White-
eyed L. leucophthalmus, Sooty L. hemphrichii and Pallas’s L. ichthyaetus. This whole
group is sometimes separated in the genus /chthyaetus to indicate their differentiation

from the other gulls (Pons, Hassanin & Crochet 2005), but other authors prefer to retain
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them in the traditional genus Larus (Burger et al. 2014). The black-headed group of gulls
is highly distinct and probably separated from the other gull clades early in evolutionary
time. However, all species in this group have relatively restricted distributions and are
mainly found in the southern / central areas of the Palearctic region, which is in contrast
with the flying ability and the colonisation capacity of gulls. It has been proposed that this
lack of success in colonising other areas might be due to the strong natal philopatry
typical of all gulls (Crochet, Bonhomme & Lebreton 2000), which may have allowed
species to differentiate within flying distance of each other. The Mediterranean Gull is the
smallest and perhaps the most social of the /chthyaetus-type gulls. In the western
Mediterranean region, it occurs in sympatry with several similar-sized, as well as much

larger species, in a complex and competitive system (Fig. 5).

L. melanocephalus i
L. audouinii ;
L. relictus
L. leucophthalmus [
L. hemprichii [
L. ichthyaetus
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L. genei
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Fig. 5 Comparative size (using body mass as proxy) of the Mediterranean Gull in relation to the
other five species in the “black-headed” or Ichthyaetus clade (above), and to other seven gull
species with which it occurs sympatrically in the western Mediterranean region (below). Data from
Handbook of the Birds of the World Alive (retrieved from http://www.hbw.com).

Unusually for a mostly European bird species, the biology and ecology of the
Mediterranean Gull are still poorly understood. The breeding population has a patchy
distribution comprising many coastal regions of Europe and the Central Asia region. The
bulk of the breeding numbers are in the Black Sea-eastern Mediterranean area (Bekhuis
et al. 1997; Burger ef al. 2015). The species underwent a dramatic large-scale expansion

of its breeding range during the 20th century, starting in the Black Sea and quickly
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extending mostly in the 1970s-1990s across central Europe to reach the Atlantic coast
and the NW Mediterranean. This coincided in time with large increases in the
populations of other gull species in various parts of the northern Hemisphere (Harris
1970; Furness & Monaghan 1987) so it was initially interpreted as a population explosion
that could be part of the same process (Cramp & Simmons 1982). However, several
authors speak more recently of a redistribution of breeding numbers and have linked the
species’ distribution shift to fluctuations of the population breeding in the Black Sea (e.g.,
(Bekhuis ef al. 1997; Sadoul & Raevel 1999). There is still no proof of an overall increase
and, despite the consolidation of the breeding population in NW Europe, the species is

considered to be stable overall (BirdLife International 2015a).

The bulk of the global population spends the winter in the Mediterranean region,
mostly in the central and western basin, on the coasts of mainland Spain, France, Italy
and Tunisia, also in Sicily and Malta, with smaller numbers in the Black Sea, eastern
Mediterranean and on the Atlantic coast of Iberia and France (Bermejo, Carrera & De
Juana 1986; Baccetti & Smart 1999; Poot & Flamant 2006; Cama ef a/. 2011). The
winter distribution is also discontinuous and has been historically much more stable than
the breeding distribution, with many areas having been occupied since at least the 1950s
(cf. Figs. 7 and 8; Mayaud 1954; Shevareva 1955). The species’ has remained spatially
stable in winter over several decades in the Mediterranean region, where the changes in
the coastal landscape and marine ecosystem have been dramatic. Such changes
include the elimination of wetlands and littoral habitats, the industrialisation of fishing
since the 1970s (Coll ef a/. 2010) and the widespread availability of discards on which
the species bases their winter diet, as do some of its competitors (Cramp & Simmons

1982).

The study area for this work is the 350-km long coastal land between the towns
of Blanes (41° 41’ N) and Borriana (39° 54’ N) (Fig. 6). This stretch of Mediterranean
coastline is dominated by low-lying shores interspersed with short sections of calcareous
cliffs. The hinterland is a typical Mediterranean mosaic landscape with abundant
vineyards and olive groves. Human population occurs at high densities, and the coast is

dotted with small or medium-sized fishing harbours that provide abundant discards on
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weekdays, when trawlers and purse-seine vessels operate all over the continental shelf.
The area has been occupied by wintering Mediterranean Gulls for a long time, at least
since the 1940s (Fig. 8; Mayaud 1954), and is currently the global winter stronghold for
the species, with over 40 000 individuals (Cama ef al. 2011). On days with fishing
activity, birds follow a regular pattern of attending trawlers at sea in the morning,
aggregating in pre-roosts on the beach or foraging in fishing harbours in the afternoon,
later flying inland to feed on olives or bathing in freshwater (e.g., reservoirs) before finally
moving back to the sea for roosting. This general pattern of activity may be broken
during the weekend, when trawlers are not allowed to operate and therefore discards are
not available. The lack of a predictable food source must cause some disruption, as
during the weekend birds often move to nearby wetlands or simply rest at sea. Human
visitors are likely to cause disturbance on beaches also during the weekend, making that

space less attractive for loafing gulls.
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Fig. 6. Location of the study system area showing, right, a schematic representation of the spatial
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The Mediterranean Gull had been unknown to science until about 200 years ago;
therefore, its distribution or habits before that date will probably remain a mystery.
However, the first description of the species by Temminck (1820) contains some
interesting initial information (Box 2). We know, for example, that the species already
frequented coastal habitats around the Mediterranean basin, probably during the winter
only, and that it was common on the Croatian coast of Dalmatia, venturing as far north
into the Adriatic Sea as Trieste, and in the Gulf of Lyon. The author failed to see the
species in the Hungarian lake region, where it now breeds in good numbers; it was
reportedly very common in Greece, although no indication of season is given. Of most
interest is the record of a juvenile shot dead on the river Rhine in Mainz, Germany,
suggestive of certain passage across central and northern Europe, in association with

large rivers.

Mayaud (1954) described in detail the migration and wintering of Larus
melanocephalus up until the 1950s, based on an analysis of the 109 long-distance
recoveries available of birds ringed 1947-1953 on the island of Orlov, Tendra Bay, on the
coast of Ukraine (46°14' N, 31°37' E). At the time of Mayaud’s paper, the species was
only known to nest on the northern shores of the Black Sea (from Dobroudja, in Bulgaria,
to Crimea) and in the Aegean Sea. He described a major east-west migratory route, with
the main winter quarters situated in the Adriatic and southern lItaly, Sicily and northern
Tunisia; also in the western Mediterranean, with a few individuals straggling westwards
into the Atlantic, as far west as Cadiz in southern Spain and El Jadida on the Atlantic
coast of Morocco. Besides the Mediterranean contingent of migratory and wintering
birds, by far the most important, Mayaud described a small migration coming from the
Black Sea westwards into central Europe following the Danube, and possibly another in
a more northerly direction that reached the Baltic Sea following the Dnieper (Mayaud
1954). He also observed a very small migratory flow along the Atlantic coast, from the

Baltic to the Bay of Biscay (July-August) and vice versa (March-May).

There is evidence that gulls regularly migrate over land, over water as well as

along coasts (Klaassen ef al 2012). However, the “river migration” hypothesis
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formulated by Mayaud (1954) to explain the migratory routes of Larus melanocephalus

had so far remained untested.

The westward expansion of its breeding range, of 30° in longitude, across
Europe, from the Black Sea to the Atlantic, Baltic and North Sea, has been well
documented. The first instance of breeding outside its former Black Sea — Aegean Sea
range was in Hungary, where a pure pair nested in Lake Balaton in 1940 (Kovacs, Szinai
& Hajdu 2015). From there, in its westward expansion towards the Atlantic and north-
westwards towards the Baltic Sea, the species probably followed the same inland
migratory routes described by Mayaud (1954). The process was notably quick, with the
first pure pair breeding in the Netherlands in 1959 (Meininger & Flamant 1998), followed
by one in Denmark in 1970 (Fritze 1999). In the western Mediterranean, despite early
breeding in the Camargue, France, in 1965 (Sadoul & Raevel 1999), the colonisation by
breeding Mediterranean Gulls took place at a later stage (first breeding in Italy in 1978;

Angle 1978) and may have occurred as an independent process.

The range expansion of the species’ breeding distribution has not been mirrored
by its wintering distribution. In the 60 years between 1954 and 2015, Mediterranean
Gulls increased their breeding range by 750% but the increase in the wintering range
was a much more moderate 25% (Figs. 7 and 8; Table 1 in Appendix). Since the 2000s,
the rate of expansion has slowed down considerably and the species has ceased to
increase the boundaries of its breeding range; instead, it has entered a phase of
apparent spatial redistribution and densification, with new colonies being founded inland,
along rivers, and on a few coastal localities in regions where the species was already
present. At the same time, other colonies decreased in numbers or even disappeared.
Overall, the distribution continues to be patchy, and many tracts of apparently suitable

habitat still remain unoccupied.

Uniquely, the Mediterranean Gull has been the focus of a comprehensive
international colour-ringing campaign, with ringing taking place at nesting colonies and
other areas of concentration throughout its expanded breeding range since 1989 (Table
2 in Appendix). The programme has been in operation for over 20 years and is
structured around national managers and an international coordinator. Detailed
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information on individual life histories is provided to every observer, promptly and at no
cost. A total of 25,066 Mediterranean Gulls were colour-ringed between 1989 and 2009
(Table 2 in Appendix), and the total number of resightings until 2015 was in excess of
250,000. Nevertheless, both ringing and reading effort were unevenly distributed, and
were highest for the population that occurs along the Atlantic coast (less than 5% of the

global population but 40% of all ringed birds).

In the study system, the proportion of individually-marked birds is on average
around 1.5%; therefore, 1 in 70 birds is colour-ringed. Colour-rings are read at a distance
with the use of a 20-60x telescope. Typical flock size is 400-1000 individuals, so
between 6 and 14 colour-ring readings can normally be expected per monitoring session.
The location of the natal or, alternatively, the breeding colony and the year of birth are
known for the majority of individuals in the dataset. The total number of different
individuals included in this study is 625, which represents 2.5 % of the total number of
Mediterranean Gulls ever colour-ringed until the end of the fieldwork in 2010. No birds in

this study have been ringed or handled in the wintering area.
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Fig. 9. Green OE9, born on the French Mediterranean coast near Camargue, shown here in the
study system in its first-winter plumage. Photo: Carles Carboneras.
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OBJECTIVES

The main goal of this work is to study the population ecology of a migratory
species from the perspective of the wintering areas, looking at the population
composition, structure and dynamics across several spatial scales, and the link between
the wintering and breeding areas through connecting migratory routes. | use as a study
model a wintering population of the Mediterranean Gull Larus melanocephalus made of
individuals from multiple origins, a significant proportion of which were individually
marked in their natal or breeding colonies. Despite being subject to an extensive colour-
ringing programme, many aspects of the biology and ecology of the Mediterranean gull

are still only poorly known.

The specific objectives of the thesis are:

e To explore the demographics of a wintering population by estimating the
site-fidelity and local inter-annual survival of birds in a wintering area;

e To understand how a given wintering area is chosen initially;

e To establish the pattern of population composition, in terms of the
geographical origin of wintering birds, across various spatial scales;

e To analyse the spatial dynamics of the wintering population locally and
regionally;

e To find out how the size and distribution of the collective home range
relates to the size and distribution of protected areas for the species;

e To explore the relationship between a newly-appeared breeding site and
a previously-existing wintering population, and study if the emergence of

new opportunities affects individual dynamics.

These objectives are presented as chapters of this thesis in the form of scientific
papers (with their corresponding sections, Introduction, Methods, Results, Discussion,
and References) to allow for easier comprehension by the reader. However, in order to
address the main goal of the thesis, the results of all the chapters are combined and

discussed together in a general discussion.
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Chapter 1. Using resightings data to study site-fidelity and infer geographic origin,
population structure and migration routes of a wintering population of

Mediterranean Gulls?

Wintering populations are made of birds with potentially different origins, age and
life histories. In this study, | use a large database of colour-ringed Mediterranean Gulls
from different ringing teams, extending across the entire breeding range and over a 20-
year time span, to study local inter-annual survival and population composition in relation
to the origin and age of individuals recorded in a wintering population of the species. |
tackle the problem of how wintering populations of gulls are formed and maintained, and
how they relate spatially to the breeding populations. No studies have so far analysed
the relative composition of wintering populations linked to their distance from the birds’
natal areas. As colonies are expected to contribute differently in relation to migration
costs, and these will depend on the routes followed, | expect to be able to infer the most
likely migratory strategy used by this long-lived gull. In addition, | look for any variations
in individual attachment to the wintering area as birds grow in age. | use the information
on 472 individually-marked Mediterranean gulls of known age and origin, recorded
repeatedly at a wintering area to estimate individual interannual survival and winter site
fidelity. | also attempt to estimate population composition in the wintering area in relation

to the spatial distribution of natal colonies.

" Carboneras C, Tavecchia G, Genovart M, Requena S, Olivé M, Oro D (2013).
Inferring geographic origin, population structure and migration routes of a
wintering population of Mediterranean gulls from resightings data. Population

Ecology 53.

Chapter 2. Population structure of Mediterranean Gulls wintering in several areas

of Spain and Portugal 2

Species that breed across different regions and winter over extensive areas are
expected to show some degree of spatial structure. To test if this occurs in the
Mediterranean Gull, | investigate the connections between the wintering populations in 4

wintering areas distributed around the Iberian Peninsula, in order to determine the
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similarities between them and their level of affinity. Using the records of individually-
marked Mediterranean Gulls, | study the configuration of the population by looking at the
number of individuals shared among the various localities, and formulate several
hypotheses of spatial structure for the species. The null hypothesis is that the winter
population is not spatially structured. My first alternative hypothesis (metapopulation
model hypothesis) is that each subpopulation is discrete and demographically separated,
and that subpopulations are only linked through the irregular movements of dispersing
individuals. Under this hypothesis, only minimal mixing is to be expected during winter or
migration; this will reflect in low levels of affinity among the birds found at the different
sites. | consider a second alternative hypothesis that each wintering population is
independent and made of different individuals, but birds mix freely during migration,
when they visit areas other than their ‘own’ winter quarters (migratory mixing model). In
this situation, differences between the wintering sites would be masked by transient birds
travelling to reach their destination, so | would expect to find some population structure
but no major differences between the sites. Finally, | look for geographical variation in

the population composition of each site, in terms of the origin of birds.

2 Carboneras C, Aymi R, Cama A, Duponcheel C, Ferrer J, Flamant R, Garcia S,
Garzon J, Gutierrez A, Olivé M, Poot M. (2010) Medliterranean Gulls Larus
melanocephalus wintering in Spain and Portugal: one population or several? Airo

20.

Chapter 3. Local-scale spatial dynamics and within-season movements among

wintering Mediterranean Gulls 3

High site fidelity may be detected in a wintering population, but this parameter is
known to be relative to the size of the area being considered and so it is expected to vary
according to scale (Robertson & Cooke 1999). We already demonstrated that
Mediterranean Gulls show high local survival probability and strong site-fidelity to the
general wintering area (Carboneras ef al. 2013), but observations of individually-coded
colour-ringed birds indicate that they may be more mobile on a smaller scale and

probably engage in inter-site movements. | use capture-recapture multisite models to
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analyse the direction and frequency of individual local-scale movements in order to
estimate the probability of residency during the wintering season and to determine the
overall spatial needs of the population, taking into account individual dynamics, and the
relationship between wintering sites. In addition, | investigate population turnover at a
single site to determine the total volume of birds visiting a site at different time scale.
This parameter will provide a measure of the overall mobility of individuals within the
area. My goal is to compare the spatial dynamics of the wintering population with the

size and distribution of the network of protected areas designated to protect it

3 Carboneras C, Tavecchia G, Genovart M, Cama A. (2015) Contrasting patterns

of site-fidelity across spatial scales in wintering gulls. In prep.

Chapter 4. Relationship between a spatially-stable wintering population and an

emerging breeding population in an expanding species 4

The emergence of a new breeding colony in the vicinity of a traditional wintering
area of the same species provides a rare opportunity to study the relationship between
the two populations, both formed exclusively of migratory birds. | first try to determine the
rate of annual growth of the new colony and examine whether the observed growth is the
result of immigration. | also investigate the geographical origin of the birds that
incorporate as (potential) breeders to the new colony. | expect to find some interaction
between both populations, such as wintering birds incorporating to the breeding
aggregation or some birds in the latter group staying to winter in the area nearby.
Therefore, | explore any potential changes in the spatial dynamics or in the migratory

habits of birds in both populations as a result of the newly arisen opportunities.

4 Carboneras C & Dies JI. (2015) A new breeding population of Mediterranean
Gulls Larus melanocephalus in the species’ main wintering area maintains

independent spatial dynamics. 1bis, in press (doi: 10.1111/ibi. 12324).
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SUPERVISORS’ REPORT

El doctorand Carles Carboneras Malet presenta en la seva tesi doctoral titulada
“Dinamiques poblacionals en ocells durant la hivernada: el cas de la gavina capnegra
Larus melanocephalus’ una série de treballs cientifics publicats o pendents de ser
sotmesos en revistes cientifiques internacionals de gran prestigi, majoritariament
incloses en el Science Citation Index. Detallem a continuacio la contribucio cientifica que
ha realitzat el doctorand en cada un dels articles, aixi com els seu factor d'impacte

(Thomson Institute for Scientific Information):

e Inferring geographic origin, population structure and migration routes of a
wintering population of Mediterranean gulls from resightings data.

Carboneras C, Tavecchia G, Genovart M, Requena S, Olivé M, Oro D. (2013)
Revista: Population Ecology 53.

Factor d’impacte (2013): 1,70

El doctorand ha contribuit en el disseny del treball, en la recollida i I'analisi de dades

i en la redaccio cientifica.

o Mediterranean Gulls Larus melanocephalus wintering in Spain and Portugal: one
population or several?

Carboneras C, Aymi R, Cama A, Duponcheel C, Ferrer J, Flamant R, Garcia S,
Garzén J, Gutiérrez A, Olivé M, Poot M. (2010)

Revista.  Airo 20.

El doctorand ha contribuit en el disseny del treball, en la recollida i I'analisi de dades

i en la redaccio cientifica.

e Contrasting patterns of site-fidelity across spatial scales in wintering gulls
Carboneras C, Tavecchia G, Genovart M, Cama A. (2015)
Article en preparacio, pendent de ser enviat a Journal of Avian Biology

Factor d’impacte (2013): 2,235
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El doctorand ha contribuit en el disseny del treball, en la recollida i I'analisi de dades i

en la redaccio cientifica.

¢ A new breeding population of Mediterranean Gulls Larus melanocephalus in the
species’ main wintering area maintains independent spatial dynamics

Carboneras C & Dies JI. (2015)

Revista: /b/s, en prensa (doi: 10.1111/ibi.12324).

Factor d’impacte (2013): 1,861

El doctorand ha contribuit en el disseny del treball, en la recollida i 'analisi de dades i

en la redaccio cientifica.

Tanmateix, informem que cap dels co-autors participants en els articles que
composen aquesta tesi han utilitzat, implicita o explicitament, cap d’aquests treballs

per a I'elaboracio de la seva propia tesi doctoral.

Barcelona, a 17 de Novembre de 2015

Signatura

Vist i plau Vist i plau

El director de la tesi La directora de la tesi

Dr. Giacomo Tavecchia Dra. Meritxell Genovart Millet
IMEDEA (CSIC-UIB) IMEDEA (CSIC-UIB)
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SUMMARY OF RESULTS

In this study, | have developed a novel perspective on the population dynamics of
birds from the point of view of wintering areas. My research showed how the detailed
study of a species’ ecology during one part of the annual cycle can complement the
knowledge collected during the rest of the year and it can provide new insight on a

species migratory strategy.

The study of demographic parameters such as survival, site-fidelity and dispersal
in a wintering population has revealed the strong attachment of individuals to their
wintering area, which does not vary with age. This strategy models the winter distribution
of individuals, shaping them into a true spatially structured population, with a
metapopulation dynamics where each subpopulation has independent demography,

determined by area-specific survival and low levels of dispersal.

The focus species was renowned for the large-scale expansion of its breeding
range in the 20th century (Cramp & Simmons 1982) but little was known about the
relationship of the breeding with the wintering populations. | have developed a model to
infer the likely migratory route followed by first-winter birds, and have found that the most
likely path is a combination of fluvial and coastal routes in an optimal way, seeking
minimal distance along favourable terrain. This strategy, coupled with the individual
tendency to return to the same area repeatedly every winter, results in an area-specific
composition that varies spatially. Young birds settle in the wintering area in their first year
of life according to a probability rule determined by distance, and maintain their choice
throughout their lives. Wintering populations of the study species are made of individuals
from by different sex and age classes, in one of the few documented cases of
nondifferential migration (Cristol ef al. 1999). Individuals of different age groups and
reproductive roles show no apparent differences in the time they spend at the wintering

area, with the only exception of first-winter birds.

My research provides a new insight into the spatial scale of the collective home
ranges in the wintering season, and its relationship with the network of protected areas.

A multi-site capture-recapture analysis on a local scale has revealed a very high turnover
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of individuals in the observed localities and a frequent movement, in no particular
direction, among localities. This form of dynamic wintering is in strong contrast to the
species’ strong site-fidelity. The corollary is that the collective home range extends over
a large part of the whole wintering area, hundreds of kilometres long, as individuals
move frequently among localities instead of staying in one place. Because protected
areas are not designated with one species in mind but aim at protecting the spaces
where multiple species congregate (Lascelles et al. 2012), they offer only partial

protection to highly-mobile Mediterranean Gulls on the local scale.

An interesting finding is that the large-scale distribution shift undergone by the
species in the 20" century has affected the breeding distribution much more than the
wintering distribution. The long-term stability of the latter, combined with the lack of any
visible increase in the global population size (Cama ef al. 2011), suggests that the
historical range shift was more properly a redistribution of the once extremely
concentrated breeding population across a much wider spatial scale. The expansion,
which still continues, is not comparable to that of other species that similarly increased
their ranges in the 20th century. This work points at the decisive role of the wintering
season in regulating the global population size and provides evidence that the species is
likely limited by events taking place in winter, or during the migration periods, perhaps
related to increased density-dependence in this species. Additional evidence has shown
that birds rely on fish discards to a large extent, and find few alternative food sources, as
they occur around fishing harbours in significantly larger numbers immediately after

weekends, when no trawling discards are available.

The study of the interactions between the breeding and wintering populations,
where they occur in sympatry, has shown that both populations have little interaction and
follow independent dynamics. This finding points at a complex system that is probably
still unfolding as the breeding population continues to expand and comes closer to the
breeding areas. Independent dynamics may also lie behind the observed synheimy, i.e.,
the co-occurrence of birds from different breeding regions in the wintering population.

This is a rare phenomenon and most probably only a transitory situation (Newton 2008);
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therefore, it would be interesting to revisit the wintering population after a few decades,

to check for any changes.

Finally, through this work | have been able to test hypotheses on the migratory
strategy, the winter ecology, the historical distribution shift and the conservation needs of
Mediterranean Gulls. The findings reported here provide a baseline and improve current

knowledge on this hitherto poorly-known species.
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Abstract Winter congregations of migratory birds are
made by individuals of different origins and generally
assumed to be variable across space and time, but the
demographic characteristics of these temporal populations
are poorly known. We used 2,216 observations of 472
colour-ringed individuals to estimate the annual local sur-
vival of Mediterranean gulls Larus melanocephalus win-
tering in NE Spain. In addition, by gathering the ringing
information on the 19,856 individuals marked as fledglings
in 18 countries between 1990 and 2009, we were able to
infer the composition of population in relation to the
country of origin. We coupled these estimates with geo-
graphic information to contrast hypotheses on the migra-
tory pattern most likely used by the gulls in their first
migration from their natal colonies to the wintering area.
The probability of reaching the study area was negatively
associated with the distance from the natal colony. Data
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were consistent with a migratory strategy that combines
fluvial and coastal routes in an optimal way, seeking
minimal distance along favourable terrain. We found that,
after the first year, annual local survival at the wintering
site (0.81 on average) was comparable with the one esti-
mated at the breeding colonies, indicating a high individual
fidelity to the areas used in winter. Our work shows that
winter groupings may behave as real populations, shaped
by breeding output and survival, and that the geographic
origin of wintering birds can be explained by a simple
model. The study of winter congregations can help
understand a species’ population structure and movement
strategies.

Keywords Capture-recapture - Larus melanocephalus -
Movement strategy - Site-fidelity - Spatial variation -
Survival

Introduction

A large body of evidence indicates that the winter season is
a critical period in the annual life cycle of most birds
wintering at high or temperate latitudes (Newton 1998;
Fort et al. 2009) and that overwinter mortality is the major
determinant of population dynamics, even among those
species that migrate to warmer areas in autumn (Barbraud
et al. 1999; Tavecchia et al. 2001; Grande et al. 2009;
Sergio et al. 2011). The winter period, however, is often
regarded as a ‘black box’ in the life cycle of many birds
because demographic processes during this season are
largely unknown, particularly for migratory species that are
assumed to be distributed over large wintering areas
(Frederiksen et al. 2012). This lack of knowledge is
reflected into conservation practices, which concentrate
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most of their efforts to protect populations during breeding.
Recently, developments of tracking techniques have pro-
vided new insights into the migratory and wintering
behaviour of medium- and even small-sized birds
(Baechler et al. 2010; Egevang et al. 2010; Catry et al.
2011; Stenhouse et al. 2012). Results confirmed that spe-
cific areas are often predictable as wintering and stop-over
sites (but see Gschweng et al. 2008) although considerable
variation exists in individual site tenacity across years
(Marques et al. 2010; Dias et al. 2011; Guilford et al.
2011). Age- or sex-related differential migration is the
norm among migratory birds (Cristol et al. 1999), and
latitudinal segregation by age classes has been found in
most species of charadriiform seabirds (Siriwardena and
Wernham 2002), including many gull species (Oro and
Martinez 1994; Marques et al. 2010). However, some
seabirds distribute according to alternative migration pat-
terns, e.g., leap-frog system (Hallgrimsson et al. 2012) and
oriented chain migration (Fort et al. 2012).

The heritability of migratory routes (Pulido 2007;
Mueller et al. 2011) and the repeatability of large-scale
movement patterns (Gonzalez-Solis et al. 2007; Dias et al.
2011) suggest that winter congregations may be structured
according to bird origins. Hence, wintering populations of
birds can offer the opportunity to assess survival, popula-
tion composition and origin of individuals. Population
composition and winter site fidelity can be used to estimate
annual survival probability and to infer migration routes, an
important information to understand population function-
ing and guide management action (see for example
Hestbeck et al. 1991; Gauthier et al. 2001; Tavecchia et al.
2005).

The Mediterranean gull (Larus melanocephalus) is a
middle-sized, migratory gull whose current breeding pop-
ulation is confined entirely to Europe with the centre of
gravity in the Black sea, and significant populations in the
Low Countries, the Danube valley and the Mediterranean
(Bekhuis et al. 1997). The recent expansion of the species
from Eastern Europe towards the Atlantic coast and the
NW Mediterranean has been linked to the fluctuations of
the Black sea stronghold (e.g., Sadoul 1997). The majority
of the population spends the winter around the Mediterra-
nean, mostly in Spain, France, Italy and Tunisia (Cama
et al. 2011). Its discontinuous winter distribution has
remained fairly constant since at least the 1950s (cf.
Mayaud 1954; Shevareva 1955), despite the recent changes
in the coastal landscape and marine ecosystem (Coll et al.
2010). Favoured by its aggregative nature, the species
has received the attention of multiple colour-ringing
programmes along its expanding range, with >25,000
individuals (including 19,856 as chicks in 18 countries)
colour-ringed in 20 years, 1990-2009. This extensive
database, both spatially and temporally, provides an ideal
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framework for studies on survival and population composition
in relation to origin and age. Here we tackle the problem of
how wintering populations of gulls are formed and main-
tained, and how they relate spatially to the breeding pop-
ulations. The mixing up of birds from different origins is
common among wintering seabirds (Gonzalez-Solis et al.
2007; Reynolds et al. 2011; Frederiksen et al. 2012), but no
studies have so far analysed the relative composition of
wintering populations linked to their distance from the
birds’ natal areas. As colonies are expected to contribute
differently in relation to migration costs, and these will
depend on the routes followed, we expect to be able to infer
the most likely migratory strategy used by this long-lived
gull. We use the information on 472 individually-marked
Mediterranean gulls of known age and origin, recorded
repeatedly at a wintering area: (1) to estimate interannual
survival and winter site fidelity; (2) to estimate population
composition on the wintering grounds in relation to the
spatial distribution of natal colonies.

Materials and methods
Study area and season

The 350 km of Mediterranean coast of NE Spain, between
the towns of Blanes (N41°41’, E2°48’) and Burriana
(N39°53’, W0°05’), constitute one of the main wintering
areas for the Mediterranean gull (Cama et al. 2011). The
area is delimited by two stretches of unoccupied, yet
potentially adequate, habitat. In this defined area we con-
ducted observations of individually marked birds for 5
consecutive winters, from 2005 to 2010.

Records of ringed gulls were obtained by watching pre-
roost flocks standing on beaches or in fishing harbour
premises, from a distance, using a telescope (Table 1).

Table 1 Summary of ringing and reading effort

Country Ring Total chicks Recorded in Ring
colour marked study area readings
ATL White/ 6,420 15 81
green
MED Green 708 132 809
ITA Blue 3,435 159 715
HUN Red 2,729 80 316
POL Red 246 2 4
GRE Black 2,002 45 116
UKR Black 4,316 39 175
Total 19,856 472 2,216

The table shows, for each country ringing programme, the total
number of chicks marked in the natal colonies from 1990 to 2009, and
the number of individual gulls observed and the total number of rings
read in the study area over 5 winter seasons, 2005/06-2009/10
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We obtained resightings over nine sites within the study area.
Most records (96 %) came from three sites only: Vilanova i
la Geltrd, Cambrils and Tarragona. Gulls were present at the
study area between late July and late March each year;
however, we restricted the analysis to the observations
made from 15 September to 15 February. This was done to
exclude transient birds that are mainly present from June to
mid-September and after mid-February. The goodness of fit
test confirmed the absence of transient animals in our
dataset (see below). We thus retained 2,216 observations of
472 birds of known age and origin (13 countries). To esti-
mate the proportion of birds from each breeding region that
spent the winter in our study area, we obtained information
on the annual ringing effort of the 19,856 individuals
colour-ringed at fledgling in eighteen different countries
from 1990 to 2009. To define the composition of the win-
tering population, we sorted the data according to 7 main
areas of origin by pooling together colonies lying in nearby
countries or regions. Birds ringed along the Atlantic coast of
France, Belgium, The Netherlands and Germany were
considered in a single group (noted “ATL”, hereafter). A
second group was formed by birds born in Mediterranean
France (noted “MED”). The other groups were made by
birds born in Italy (noted “ITA”), Hungary, Serbia and
Slovakia (noted “HUN"), Poland (noted “POL”), Greece and
Turkey (noted “GRE”) and Ukraine (noted “UKR”), respec-
tively. Finally, we gathered, as supplementary information, the
occasional resightings along the migratory route and in alter-
native wintering areas of individuals in our data set to help
discussions and the interpretation of results.

Modelling survival/site fidelity and recapture
probability

Observations of marked birds recorded at the wintering
area during the five-year period were coded into individual
encounter histories. An encounter history is a series of
0 and 1 s indicating the absence and presence of a given
animal, respectively. The frequency of capture histo-
ries follows a multinomial distribution whose elementary
parameters are the survival and recapture probabilities.
These probabilities are estimates from the data using
maximum likelihood procedures (see Lebreton et al. 1992
for details of maximum likelihood estimation of parameters
and model selection methods). We modelled three sets of
parameters: the first-year survival probability, noted ¢’, the
survival probability during subsequent years, noted ¢, and
the recapture—or detection—probability, noted p. The
local survival probability during the first year ¢’ referred to
the joint probability that an individual survived until
midwinter and reached the wintering site in NE Spain
during its first year of life, an interval shorter (ca. half) than
any subsequent ones.

We began the analysis from a general model that
assumed all parameters to vary over the years, noted ‘#’ in
model notation (model 11 in Table 2). This model, ¢/ ¢, p;,
is an extension of the Cormack—Jolly—Seber model with two
age-classes for survival. The fit of this model was assessed
using the software U_CARE 2.2 (Choquet et al. 2009; see
Appendix in Tavecchia et al. 2008 for more details on the
goodness of fit test). In addition to a year-effect in detection
probability we considered the effect of the ring colour
(noted ‘g’ in model notation; Table 1) because plastic rings
might show differences in their visibility and/or rate of
deterioration. We also used a measure of the reading effort
(the number of marked birds recorded each winter, noted
‘no. readings’) as a covariate for the detection probability.
Juvenile survival, ¢’, and adult survival, ¢, were set to vary
depending on the year (noted ‘#’) and on the area of origin
(noted ‘c’). To account for the progressive deterioration of
plastic rings over time [M. Olivé, unpublished data, Table
S1 in Electronic Supplementary Material (ESM)] we added
a linear trend in survival, noted ‘7" (see “Results”). Finally,
we used colony distance to explain the variability in sur-
vival parameters (see below).

The resulting 20 models were fitted using program
MARK (White and Burnham 1999). We selected the more
parsimonious models using Akaike’s Information Criterion
corrected for sample size (AICc; Burnham and Anderson
1998). Models within 6 points of AICc were considered as
equivalent (Burnham and Anderson 1998).

Population composition and migratory routes

In our analysis, survival parameters represent a combina-
tion of the true survival, i.e., the probability to survive from
one winter to the next, and the probability of reaching the
wintering grounds. In this respect, permanent emigration,
i.e., the probability of never visiting the area again, would
be confounded with mortality. Assuming that juvenile
survival is the same regardless of the colony of origin, the
variation in the parameter of juvenile survival, ¢’, should
reflect the different proportion of birds reaching the study
area. This can be used to test hypotheses on movement
patterns (Tavecchia et al. 2005). Indeed, colonies are
expected to contribute to the wintering population differ-
ently according to their distance; however, the distance
between each breeding region and the wintering area varies
depending on the migration route. Hence, if migration
followed an exclusively coastal route, colonies from the
‘GRE’ and ‘ITA’ areas would be expected to contribute
similarly because the distances to the wintering area would
be similar (2,500 vs. 2,336 km). In contrast, if birds
favoured an inland route along the main rivers, ITA-colo-
nies would be expected to contribute many more birds than
GRE-colonies, because the distance in the first case is
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Table 2 Modelling apparent annual survival and resighting probability of Mediterranean gulls recorded in the wintering area in NE Spain

Model  Juvenile survival (¢')  Adult survival (¢) Detection probability (p)  AICc AAICc AICc weight np  Deviance
1 c T t 5,069.332 0.000 0.471 14 866.828
2 c c t 5,071.562 2230  0.155 19 859.040
3 c t t 5,071.819 2.487 0.136 16 865.309
4 c t g+t 5,072.419 3.086 0.101 22 853.883
5 c ° t 5,074.919 5.587 0.023 13 874.418
6 c t g + no. readings 5,083.852 14.520  0.000 19 871.331
7 c ° g+t+gxt 5,143.650 74318  0.000 41 886.987
8 . ° g+t 5,237.592 168.260  0.000 13 1,037.091
9 ° ° g + no. readings 5,244.820 175.488  0.000 10 1,050.327
10 . ° g+t+gxt 5,251.083 181.751  0.000 34 1,008.476
11 t t t 5,377.167 307.835  0.000 12 1,178.669
12 t ° t 5,388.623 319.291  0.000 10 1,194.130
13 . t t 5,418.612 349.280  0.000 9 1,226.121
14 @135 @7 t 5,424.672 355.340  0.000 12 1,226.174
15 P15.. Ps t 5,426.440 357.107  0.000 10 1,231.946
16 . . readings x occasion™" 5,440.039 370.707  0.000 1,257.555
17 . . t 5,666.397 597.065  0.000 6 14790911
18 . ° g+t+gxt 6,103.199  1,033.867  0.000 33 1,862.598
19 . . g 6,212,783  1,143.451  0.000 9 2,020.292
20 . . . 6,417.110  1,347.778  0.000 2 2,238.628
Parameters: juvenile survival (¢) = survival of gulls in their first year of life; adult survival (¢) = survival of gulls after hatch-year; ¢i;...;
@, = survival of gulls variable in n age-classes; p = detection probability. Effects: ‘¢’ = “country” (origin-dependence); ‘#" = time-depen-
dence; ‘T" = linear trend; ‘g’ = group-dependence (ring colour combination); ‘no. readings’ = total readings of marked gulls; ‘read-

. . —1
mgs X occasion

" = ratio of total ring readings to the number of occasions; ‘x’ = interaction between effects; ‘+’ = additive relation

between effects; ‘@’ = constant. AICc = Akaike Information Criterion corrected for sample size; AAICc = difference with the lowest AICc
value; AICc weight = the relative importance of each model; np = number of identifiable parameters in the model; Deviance = model

deviance. Models in bold were used to obtain averaged estimates

much shorter (1,071 vs. 2,070 km). To contrast hypothesis
on migratory routes, we calculated the weighted centroid,
i.e., the centre of the area rather than the geometric cen-
troid, for each of the 7 groups of ringing colonies, by
applying the weighted value of the number of individuals
in our data set that had been ringed at each site. The dis-
tance, d;, between the weighted centroid of the ringing area
i to the study area was measured on the ETRS89 geodetic
reference frame (Annoni et al. 2000) using the software
ARCGIS 10.0. We considered four possible layouts: under
hypothesis A (Euclidean distance) gulls would reach the
wintering grounds by flying in a straight line over land and
water; under the hypothesis B (coastal routes) gulls would
fly to the coast on the shortest possible route and then
follow the coastline travelling exclusively over marine
waters, so that UKR birds would cross the Bosporus and
the Aegean sea, ATL would migrate through the Straits
of Gibraltar and ITA birds would fly round the Italian
peninsula; inversely, hypothesis C (river routes) favoured
inland routes along the main rivers: ATL would follow the
Rhine and Rhone to the Mediterranean while HUN, POL,
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GRE and UKR would reach the wintering area after fol-
lowing the Danube and Rhone; and hypothesis D (com-
bined routes) predicted that gulls would combine rivers and
coastal routes in an optimal way minimising the distance
while not crossing inhospitable terrain, thus making UKR,
GRE and ITA birds fly chiefly W over land and sea, and
ATL birds cross over France, following the main rivers
towards the Mediterranean (Fig. 1). The four hypotheses
generated a different ranking of the colonies based on their
probability to contribute to the population wintering in the
study area according to the expected distance calculated
under hypotheses, A, B, C and D, i.e., four different vectors
of d; values. We modelled the parameter (p;, where i is the
ringing area, by the equation of the form:

logit (¢}) = «+ B 1In(d")

where le is the vector of distances under hypothesis
H (with H = A, B, C or D; see above). The significance of
B and the total variance explained by the distance under

each hypothesis were assessed using the ANODEV pro-
cedure in MARK.
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Fig. 1 Hypothetical sketch of 0

the migratory routes of first-

winter Mediterranean gulls

Larus melanocephalus from

their colonies of birth (the

weighted centroids of the 7

groups of ringing sites: “ATL”, 50°N -
Atlantic France, Belgium, The
Netherlands and Germany;
“MED”, Mediterranean France;
“ITA”, Italy; “HUN",
Hungary, Serbia and Slovakia;
“POL”, Poland; “GRE”,
Greece and Turkey; “UKR”,
Ukraine) to the wintering area in
NE Spain (inside box). Based on
demographic model 1 (Table 2),
which assumes the spatial
variation of juvenile survival ¢,
and on migratory hypothesis D
(Table 3) of a combination of
coastal and inland (rivers, lakes)
routes in an optimal way, i.e.,

40°N

z

minimal distance along o B0 a0 s0okm T
favourable topography and
positive taxis towards water 30°N -

0
Results

Modelling annual survival/site fidelity and recapture
probability

The goodness of fit test indicated that the general model
fitted the data adequately and that the extra-binomial
variance was not large (Xz = 45.13, df = 38, P = 0.20).
Models with origin-dependent juvenile survival ¢’ (models
1-7; Table 2) had the lowest AICc values, suggesting that
the survival/movement parameter during the first half-year
of life varied strongly according to the area of origin. This
effect was not present in later years, as the probability of
local survival after the first winter was independent of the
colony of birth (model 2). Note that the origin of birds is
not known after the first year as gulls might have attended a
colony other than that of birth. We tried further to refine the
probability of detection by incorporating different combi-
nations of reading effort (number of readings, number of
occasions) or of ring colour (group) as explanatory vari-
ables, but such models failed to improve the accuracy of a
time-dependent p, and were not retained (Table 2). Models
with an age-dependent survival probability (model 14 for 7
age classes and model 15 for 5 age classes) had little
support. In contrast, a model assuming a linear trend—on a
logistic scale—in survival to describe the progressive
deterioration of the ring (model 1) was preferred (Table 2;
Fig. 2). According to this model, apparent survival chan-
ged from 0.90 (95 % CI 0.82-0.95) to 0.78 (95 % CI
0.74-0.81) 4 years later (Fig.2). Assuming that this

20°E 40°E

- 50°N

- 40°N

- 80°N

20°E

1.0

0.9 A

0.8 -

0.7 A

0.6 A

0.5 A

0.4 A

0.3 A

Adult survival rate

0.2 4

0.1 4

0.0 -

2006 2007 2008 2009
Intervals

Fig. 2 Inter-annual apparent local survival of Mediterranean gulls
after hatch-year as obtained from the time-dependent model (model 3
in Table 2; square symbols with 95 % confidence interval). The line
shows the linear trend in survival equivalent to 4 % annual tag loss, as
estimated by the retained model (model 1)

negative trend in survival was due to the age of the ring and
not to the age of the bird, the annual local survival would
be 0.90 (95 % CI 0.82-0.95, estimates from model 1),
corresponding to the one of a bird carrying a 2-year old
ring. In contrast, if the decrease on survival is a real effect
of age or a mixture of the two, the average annual survival
would be 0.81 (95 % CI 0.79-0.84; estimates from model
5). Although there is evidence of ring loss (supplementary
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material, Table 1), we cannot fully differentiate between
these two hypotheses. Detection probability fluctuated
between years, varying from 0.36 to 0.75, with an average
value of 0.49 (95 % CI 0.42-0.55) in the retained model.

Population composition and migration routes

The probability of reaching the study area during the first
winter varied largely across the different ringing areas,
ranging from 0.13 (area MED) to 0.01 (area ATL) (Fig. 3).
As expected, the two nearest regions (MED and ITA), had
the highest probability to reach the area and contributed to
the population wintering in the study area with nearly two-
thirds of the first-winter birds. In the probabilistic frame-
work, the accuracy of the estimates of juvenile survival ¢’
(Iength of the 95 % CI bars in Fig. 3) was related to the
ringing effort—the total number of juvenile birds ringed in
each region (Table 1). The lowest probabilities of reaching
the area corresponded to birds from the ATL and the UKR
areas. Birds from HUN, GRE and POL showed interme-
diate probabilities; the wide confidence interval of the POL
group was a result of the small number of birds ringed (246
in total) and the small number of individuals present in the
study area (2) (Table 1).

The main predictor of population composition was
colony distance; indeed, in all hypotheses the slope of the
relationship between distance and ¢’ was negative and

0.16 4

0.14 4

MED
0.12 1

ITA
0.10 1

0.08 -
0.06 -
HUN
0.04 GRE
0.02 - roL ; UKR

WATL

Juvenile survival rate / movement probability

0.00 T T T 1
0 1000 2000 3000 4000

Distance between natal colony and wintering area (km)

Fig. 3 Plot of juvenile immigration probability against distance.
Models with spatial variation in the survival of juvenile birds (first-
time immigrants) obtained the lowest AICc values (Table 2). The
results for the retained model 1 are plotted here against the distance
from the ringing areas, calculated according to the ‘optimal’
combination of inland and coastal routes of hypothesis D (Table 3).
Bars represent 95 % confidence intervals. Notice the low probability
of ATL for the estimated distance, which suggests that birds from this
group may use alternative routes to reach the wintering area in the
Mediterranean, including the 4,000-km route round Gibraltar
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different from O (Fig. 3; Table 3). Despite this general
trend, the more distant colonies would be expected to
contribute differently in relation to the migratory strat-
egy considered. The Euclidean distance (hypothesis A)
explained about a third (35.5 %) of the total variance of ¢’
across colonies but we retained a model assuming a com-
bination of routes (hypothesis D), which had the lowest
AICc (Table 3). According to this model, distance
explained 48.8 % of the spatial component of ¢’. Note that
none of these models was preferred when compared to the
one assuming a different parameter for each colony of
origin (model 1; Table 2). So, despite the general trend,
there was an important variation that remained unex-
plained. This might be due to the presence of multiple
strategies occurring simultaneously in a single population
(see “Discussion™).

Discussion

Consecutive resightings of the same gulls at the wintering
area in northern Spain gave us the opportunity to estimate
local survival, the product between true survival and site
fidelity, of wintering birds. Also, by contrasting these
parameters against the total number of animals ringed at
different breeding colonies we were able to assess the
composition of the population according to bird origin. We
additionally inferred the most likely migratory pattern by
investigating if the colony-specific probability of reaching
the wintering site was consistent with a direct migration
route or whether birds deviated to follow rivers or coasts,
or optimised their route in a combination of both.

te Marvelde et al. (2009) found that local survival of
Mediterranean gulls estimated at medium-sized (approxi-
mately 600 pairs; L. te Marvelde, personal communication)
breeding colonies was 0.86. We found a similar average
estimate (0.81), indicating that fidelity to the wintering area
is only ca. 5 % smaller than the propensity to return to the
breeding colonies. Our analysis does not take into account
a temporal emigration of individuals, which is normally
reflected into the probability of recapture. Birds that were
not seen in one season might well have visited an alter-
native wintering area, but the high survival value indicates
that they came back to the study site at least once more.
The study of individual life histories (obtained from the
ringing programme coordinators, listed in the Acknowl-
edgements) provided supplementary information on tem-
poral and permanent emigration that was in agreement with
a high site fidelity: only 11 birds of 472 in the data set were
recorded alive in other wintering areas (permanent emi-
gration) and only 2 gulls visited alternative areas in sub-
sequent winters and later returned to the study area
(temporal emigration). This strong fidelity to the wintering
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Table 3 Proportion of the total variance explained by the distance between the colony of birth and the study area under the different migratory

strategies (see also text)

Hypothesis Expected colony ranking AlCc Deviance Percentage Intercept Slope
deviance (o 95 % CI) (B; 95 % CI)
explained
A MED < ITA < ATL < HUN < POL 5,295.40 226.62 355 4.1;2.9/5.3 —1.03; —1.20/
Direct ﬂight < GRE < UKR —0.86

B MED < ITA < GRE < HUN < UKR 5,261.32 192.54 44.8 3.3;24/22 —0.84; —0.96/
Along coastlines < ATL < POL —0.72

C MED < ITA < ATL < HUN < POL 5,263.00 194.22 443 4.2;3.2/53 —1.01; —1.2/
Along rivers < GRE < UKR —0.87

D MED < ITA < ATL < HUN < GRE 5,248.17 179.39 48.4 4.8; 3.7/5.9 -1.1; —1.3/

< POL < UKR —-0.95

Along rivers and
coastlines

Each hypothesis on movement patterns generated a different ranking of the colonies (2nd column). Differences in the ranking applied particularly
to the ATL, GRE, UKR and POL groups. The model for hypothesis D, of a combination of river and coastal routes, had the lowest AICc and was

selected (in bold)

areas suggests that wintering individuals form a population,
“a set of organisms belonging to the same species and
occupying a clearly delimited space at the same time”
(Wilson 2000). Also, the strong fidelity to the wintering
grounds despite major alterations in landscape in recent
decades indicates a complicated spatial structure of win-
tering populations, where other factors besides the avail-
ability of suitable habitat could determine the occurrence of
a species.

We assumed that the true (as opposed to local) survival
probability during the first 6 months was independent of
the colony of origin. This assumption permits to consider
the variation in local survival as a consequence of the
probability of reaching the wintering area. Thus, the spatial
variation of juvenile survival ¢’ can be used to contrast
hypotheses on the selection of migratory routes (Tavecchia
et al. 2005). As expected, ¢’ covaried with colony distance,
with the closest colonies contributing the most birds, but
the contribution of colonies further away would depend on
the migration route followed by the gulls. For example, if
birds followed coastlines only (hypothesis B), gulls from
north-eastern European colonies (POL group) would be the
least represented in the population (Table 3). None of these
ultrastructural models was selected indicating that there
was not a predominant strategy explaining the movement
patterns of all groups. Instead, data suggested that birds
adopted a mixed strategy migrating via rivers and coastal
routes in an optimal combination of minimal distance along
favourable topography with positive taxis towards water.
With this simplification we assumed that all birds from a
given area migrated in the same way. This assumption is
likely to be wrong and is probably the reason why none of
the models including the distance as a covariate was pre-
ferred. Nevertheless, simple and imperfect as it might be,

our model was able to generate predictions on population
composition in other wintering areas. For example, obser-
vations of ringed gulls in Portugal (R. Flamant and
C. Duponcheel, personal communication), confirmed the
model’s prediction of a higher probability of ATL birds
and a lower probability of MED and ITA birds making up
that wintering population, relative to our study area.
However, all models suggested a higher than expected
contribution of ATL colonies. It is possible that part of the
population from some colonies migrated along a ‘different-
than-optimal’ route. Cramp and Simmons (1983) suggested
that certain passage might occur through the Straits of
Gibraltar, on the basis of some adult birds moving along
the western seaboard that returned to Black Sea colonies
through the Mediterranean. We cannot exclude this
behaviour, but comparative studies in other wintering areas
should be done to answer this question.

The spatial variation of juvenile survival ¢’ seems to
reflect the historical route of expansion of the species as
reported by Cramp and Simmons (1983). Gulls appear to
migrate along a combination of coastal and overland routes
on a broad front following a W—SW direction, not unlike
the pathway that led to the colonisation of wetlands in
central and Western Europe starting in the 1950s, rather
than travel directly to the wintering areas. Mayaud (1954)
and Shevareva (1955) analysed recoveries of Mediterra-
nean gulls ringed as chicks in Ukraine, at a time when
breeding was restricted to the Black and Aegean seas. They
reported two findings that are relevant to our study: (a) that
our study area was already an important wintering ground
for Ukrainian birds in the 1940s and 1950s, and (b) that at
the time there was already a small flux of birds that reached
the Baltic and North Sea probably by following the main
European rivers (Dnieper, Danube, Rhine, Seine, Loire) in
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a westward direction. Thus, an incipient migratory pathway
developed over inland Europe independently from the large
expansion of the breeding range, which took place 3 dec-
ades later. Roughly the same migration routes are still
maintained today, showing that the species probably has
positive taxis towards flying over significant water bodies
(rivers, lakes, coast) when on migration. However, the
population composition on the wintering grounds today
must be different from the 1940s-1950s because the rela-
tive distances from and to the breeding areas have changed
greatly in the last 70 years. This ‘historical’ hypothesis
cannot be tested because it fails to generate objective
predictions on colony ranking.

Our results indicate that wintering aggregations form
‘real’ populations, and that these are not determined by the
turnover of individuals as previously thought, but rather the
demographic processes of breeding output and survival.
Indeed, winter groups of Mediterranean gulls are formed
by the same individuals that visit the same areas across
time. Moreover, our results point out a model that may be
applied to predict the winter population origin and relative
composition along its wintering distribution, and may help
to guarantee the long-term preservation of populations
throughout the species’ range and in all seasons.
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Mediterranean Gulls Larus melanocephalus wintering
in Spain and Portugal: one population or several?

Gaivotas-de-cabeca-preta Larus melanocephalus invernantes em Espanha
e Portugal: uma ou varias populagdes?

Catles Carboneras ', Raiil Aymi ) Albert Cama ', Camille Duponcheel °, Joan Ferrer !, Renaud Flamant *,
Salvador Garcia , Jorge Garzén ¢, Antonio Gutiérrez 7, Marc Olivé *, Martin Poot ’

ABSTRACT - Mediterranean Gulls Larus melanocephalus originating from several
breeding populations (Atlantic, Mediterranean and Black Sea) concur in a few well-
known wintering areas in Spain and Portugal. By analysing the records of individuals

marked with colour rings, we investigated the connections between the wintering
populations occurring in 7 sites distributed around the Iberian peninsula in order to
determine the similarities between them. Our observations totalled 1125 individuals
in 7 sites (range 44-474) and comprised the whole of the winter season, plus both
migration periods. We carried all-time agglomerative hierarchical clustering analysis for
the data corresponding to the seasons between 2005-06 and 2008-09 and plotted the
results in a dendrogram; additionally, we compared the lists of individuals recorded at
each site and calculated a coefficient of similarity between pairs of sites. Our findings
reveal the existence of 4 clusters, with relatively high exchange ratios of individuals
between contiguous sites inside the two main groups: 0,23-0,24 for NE Spain and 0,06
for SW Portugal. However, inter-group distance was relatively constant at 0,01-0,02,
so the relative spacing of sites did not correspond to the physical distances between
them. This effect was most pronounced in Malaga, on the Mediterranean coast of
Spain, and Ares (Galicia), which appeared as independent lines forming part of the
Atlantic coast class. The general picture is consistent with a metapopulation structure,
each population being independent and only linked to others through dispersal. This
conclusion has implications for the conservation of the species, listed in Annex
I of the Birds Directive. Protected areas for this species should be of enough size
(to comprise the whole winter range in the Iberian peninsula) and should also be
sufficiently representative to be able to afford adequate protection to each independent
population.

RESUMO - As Gaivotas-de-cabeca-preta Larus melanocephalus originarias de diferentes
populagdes reprodutoras (Atlantico, Mediterraneo e Mar Negro) confluem para um
grupo restrito de areas de invernada em Espanha e Portugal. Neste trabalho utilizaram-se
observagdes de gaivotas marcadas individualmente (com anilhas de cor) para investigar
o grau de permuta de individuos entre as popula¢bes invernantes que ocorrem em 7
locais distribuidos na costa da Peninsula Ibérica e assim determinar a sua semelhanca.
Observou-se um total de 1125 individuos nos 7 locais (variando entre 44 ¢ 474).

! Universitat de Barcelona, Dept. Biologia Animal, Facultat de Biologia, Avda. Diagonal 645, 08028 Barcelona,
Spain, catles@gavines.org; *Institut Catala d’Ornitologia, Barcelona, Spain; * 59181 Steenwerck, France; * Belgian
Ornithological Research Association, BELORA, Belgium; ° Instituto Espatiol de Oceanografia, Malaga, Spain;
18179 Viznar, Granada, Spain; 7 15403 Ferrol, A Coruiia, Spain; 08800 Vilanova i la Geltra, Barcelona, Spain;
4101 KH Culemborg, The Nethetlands
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Foram utilizados algoritmos aglomerativos hierarquicos sobre as observagoes levadas a
cabo entre 2005-06 e 2008-09 e construido um dendrograma. Foi entio comparado o
elenco de individuos observados em cada local, que serviram de base ao calculo de um
coeficiente de semelhanca entre cada par de locais. Os resultados sugerem a existéncia
de 4 grupos, sendo de notar uma taxa de permuta relativamente elevada entre grupos
contiguos dos dois principais grupos: 0,23-0,24 para o NE de Espanha e 0,06 para
o SW de Portugal. Contudo, a distancia entre os grupos foi relativamente constante
(0,01-0,02), o que sugere uma falta de correspondéncia entre a semelhanca dos locais
e a distancia real entre os mesmos. Este efeito foi mais pronunciado em Maélaga, na
costa mediterranica de Espanha, e Ares (Galiza), que aparecem como grupos distintos
incluidos no grupo da costa Atlantica. Estas observagdes sio compativeis com a
hipétese de uma estrutura metapopulacional, envolvendo populacoes distintas ligadas
apenas através de fendmenos de dispersiao. Estas conclusoes tém implica¢des para a
conservacao da espécie, que estd listada no Anexo I da Directiva Aves. As areas que
visem a conservacao desta espécie devem ser suficientemente abrangentes, de forma a
incluir toda a 4rea de invernada na Peninsula Ibérica a0 mesmo tempo que asseguram

a conservacido de cada uma das populagdes.

The Mediterranean gull (Larus  melanocephalus
Temminck, 1820) is a highly social, middle-sized
seabird, long known to occur as a winter visitor
in several parts of the Iberian peninsula (e.g,
Mayaud 1954, Isenmann 1972), with only one fast-
growing colony in Valencia (30~180 breeding pairs;
Molina 2008, Dies & Dies 2009). The total winter
population in Spain and Portugal has been variously
estimated at between 18,000 and 50,000 individuals
(Bermejo et al. 1986, Diaz et al. 1996, Cama 2010)
that aggregate in only a few coastal regions. The
main wintering areas are in NE Spain (Barcelona-
Tarragona-Castellon), Malaga (extending onto
nearby Granada) and SW Portugal (Lisbon-
Alentejo). Smaller numbers occur in Galicia and
Asturias. The species favours low-lying coasts,
occurring close to river systems and active fishing
harbours and, inland, over a mosaic agricultural
landscape which the birds visit for feeding (on
e.g, invertebrates and olives). The species’ social
behaviour is complex, and may also play a role in
shaping its occurrence over space. The observed
spatial distribution of Mediterranean gulls in winter
is not continuous over apparently suitable areas, but
tends to occur in clumped localities, leaving large
(>500 km) stretches of seemingly suitable habitat
empty (Carboneras 2009).

We, therefore, hypothesised that the various local
populations might be organised in such a way that

each population was discrete and spatially separated,
the only links being the irregular movements of
dispersing individuals (H,, metapopulation model).
Under this hypothesis, there would be minimal
mixing during winter or migration, so we should
expect to find significant differences between the
list of birds found at each site. We considered a
second alternative hypothesis that each wintering
population consisted of different birds, but that
individuals mixed freely during migration and in
this time visited areas other than their ‘own’ winter
quarters (H,, migratory mixing model). In this way,
differences between the sites in winter would be
masked by transient birds travelling to reach their
destination, so we should expect to find some
population structuring but no major differences
between the sites. In the same context, our null
hypothesis (H) was that the species would show
no population structuring in winter, so we shouldn’t
expect to find any significant differences between
the sets of birds present at the various sites.

METHODS

Our study was based on comparing the total list of
individually marked birds seen at various localities
over a given period. We selected all sites (z = 7) in
the Iberian peninsula for which >40 readings were

available for the 4 consecutive nonbreeding seasons
2005/06 till 2008/09. Coincident with the species’
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patchy distribution in winter, the sites were not
evenly distributed but situated at variable distances
from each other (mean of distances between pairs
= 1079,87 km £ 155,4 SE; #» = 21; range = 17,2
— 2269,95). We assumed that all sites within <500
km were part of the same regional complex. Thus,

3 sites were situated in the NE Spain region, while
another 2 were in SW Portugal, plus one locality
in Malaga and another in Galicia (fig. 1). Numbers
of wintering birds ranged between a few hundred
(Galicia) and several thousand (NE Spain, Malaga,
SW Portugal), seasonally up to 40 000 in Cambrils.

Figure 1. The Iberian peninsula with the location of the 7 sites included in this study: (1) Vilanova i la Geltri;
(2) Tarragona; (3) Cambrils; (4) Malaga coast; (5) Vilanova de Milfontes; (6) Lisbon coast, Cascais & Tagus estuary;

(7) Ares, Galicia.

The nonbreeding season comprised the winter
proper (15 Sept-15 Feb), plus the two annual
migration periods (Jul-Sept and Feb-Apr). The latter
were included in order to maximise the probability
that a bird might occur at more than one locality
in the same time frame (either during winter or on
passage, or both), thereby reducing the differences
between sites (H,, H,). The total number of rings
read in this period added to 1612, corresponding
to 1125 different individuals. We compared the
lists between pairs of sites to build a pairwise
comparison matrix, shown as table I, and conducted
an agglomerative hierarchical clustering analysis

(Ward 1963).

For each pair of sites, we measured the level of
affinity or coefficient of similarity (Gower 1971),
which we defined as:

Coefficient of similarity = ik

n J:'l'ﬂ-;‘_.]—ﬂ- ik
with 7, being the number of rings read at site /, 7,
being the number of rings read at site &, and 7,
being the number of rings read at both sites in the
time of our study. Possible values ranged between 1
(complete similarity) and O (complete dissimilarity).



6 Mediterranean Gulls wintering in Spain and Portugal

Table I. Pairwise similarity matrix between pairs of sites. The left-hand half-matrix contains the coefficient of similarity
for each pair of localities (see text for calculation method). The right-hand half-matrix contains the original ratios used
to calculate the similarity between pairs of sites and equates to the number of birds recorded at both sites, divided by

the sum of all individuals seen at the same sites.

Vilanova G. Tarragona Cambrils Malaga Vﬂ;f[l-ova Li;lz;): ) Ares

Vilanova G. 176 / 583 224 /660 8/ 585 3/598 8/618 1/517
Tarragona 0.3019 132 /565 6/ 398 4 / 409 4/433 0/329
Cambrils 0.3394 0.2336 5/ 526 3/ 536 4/560 1/455
Mailaga 0.0137 0.0151 0.0095 4 /242 4/267 0/163
Vilanova M. 0.0050 0.0098 0.0056 0.0165 15/264 2/169
Lisboa - Tejo 0.0129 0.0092 0.0071 0.0150 0.0568 2/ 194
Ares 0.0019 0.0000 0.0022 0.0000 0.0118 0.0103

We obtained the individual life histories, grouped
birds by origin and classified them in two groups,
‘Atlantic’ and ‘Mediterranean’, according to the
location where they were ringed (as pulli or as
breeding adults). ‘Atlantic’ grouped birds from
colonies in Belgium, Netherlands, Britain, Atlantic
France, Germany and Poland, while birds from
Mediterranean France, Italy, Hungary, Balkan
countries, Greece, Turkey and Black Sea (Ukraine)
were included in ‘Mediterranean’. Colour-ringing
of Mediterranean gulls started in 1990 (Meininger
1999) and, according to data obtained from the
coordinators of the ringing programmes (listed
under Acknowledgements), 9343 birds (40,33%)
had been ringed in ‘Atlantic’ colonies and 13821
birds (59,67%) in ‘Mediterranean’ colonies until
20009.

Distances were calculated assuming that gulls
migrate roughly following the coast, avoiding long
crossings over land and flying round Gibraltar to
travel between the Atlantic and the Mediterranean.

RESULTS

There were differences in the total number of
rings recorded at each site (range 44-474), reflecting
local differences both in gull numbers and in reading
effort. However, a pairwise comparison matrix
(Table I) allowed for direct comparison and an
agglomerative hierarchical clustering dendrogram
reflected the degree of similarity between the sites

(fig. 2). The 7 sites appeared grouped in 4 clusters:
Catalonia—NE Spain (Vilanova G., Tarragona and
Cambrils), Malaga, SW Portuguese coast (Vilanova
M. and Lisbon—Tagus) and Ares. Moreover, Malaga
showed closer links with the Portuguese coast than
with Catalonia—NE Spain, despite both being on the
Mediterranean coast. Ares did not show affinities
with any other site and appeared as an independent
line.

Inter-site mobility of Mediterranean gulls, expressed
in terms of the coefficient of similarity, was much
higher for sites that were at distances <500 km
(mean = 0,23, » = 4) than for sites that were >
500 km away (mean = 0,009, » = 17). In fig. 3 we
plotted the regression of the similarities between
pairs of sites against the physical distance between
them. Our data did not show a linear correlation
of those two parameters. The highest affinity (0,34)
corresponded to the pair Vilanova G. — Cambrils
(dist. = 61 km), while Tarragona — Cambrils (dist.
= 17 km) had 0,23. In Portugal, Vilanova M. —
Lisbon (dist. = 123 km) had 0,06. Total reading
effort varied between the sites (highest in Vilanova
G.), and this may partly account for the differences
observed in the results. Affinities between distant
(>500 km) sites showed that there was still some
degree of interconnection between nearly all pairs
of sites (15 of 17).
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Figure 2. Dendrogram showing the affinity between the 7 sites based on the number of individual Mediterranean gulls
Larus melanocephalus recorded in common. The coefficient of similarity for each pair of sites and the total number of
birds recorded at each site are the same as shown in tables I & II.
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Figure 3. Coefficient of similarity between pairs of sites in relation to the distance between the sites. Distances were

calculated assuming a coastal route (see text for details).

The same 4 clusters of sites were shown in the
proportions of ‘Mediterranean’ »s. ‘Atlantic’ birds,
according to the location of the colony where they
were originally ringed (either as pulli or fully-grown
birds), as shown by fig. 4 and table II. Except for
Malaga, where the proportion was remarkably
similar to what might be expected globally, the

ideal proportions were not maintained at any other
site. Mediterranean (and Black Sea) birds were
disproportionally more numerous in the Catalonia—
NE Spain cluster, whereas birds of Atlantic origin
were dominant in the Portuguese and Ares sites.
The differences were highly significant in all cases,
except for Malaga (table II).
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Vilanova G. i

Tarragona

Cambrils

Mélaga
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Tejo-Lisboa
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Figure 4. Proportion of Atlantic (in black) vs. Mediterranean (in grey) individuals recorded at each site, according to
the localisation of their colony of origin. The division follows the same rules as described for Table II.

Table II. Percentage of individuals recorded at each site, according to the localisation of their colony of origin.
Atlantic and Mediterranean mean west or east of the straits of Gibraltar, respectively, the latter category including the

Black Sea. Globally, the proportions are 40.33% Atlantic and 59.67% Mediterranean.

site total n  Atlantic % Medit. % chisq P

Vilanova G. 473 4.4 95.6 253.791 P < 0.0001
Tarragona 285 2.8 97.2 166.904 P < 0.0001
Cambrils 411 6.3 93.7 197.477 P < 0.0001
Malaga 119 40.3 59.7 0 P =0.9989
Vilanova-Milfontes 128 65.6 34.4 34.033 P < 0.0001
Tejo-Lisboa 152 67.1 32.9 45.282 P < 0.0001
Ares 44 72.7 27.3 19.19 P < 0.0001

DISCUSSION

Spatial disjunction in the winter distribution of
Mediterranean gulls in the Iberian peninsula was
already found in first studies on Larus melanocephalus
(Mayaud 1954, Bernis 19606, Isenmann 1972 &
1976, Carrera ez al. 1981) and has been described in
most subsequent work (Bermejo et al. 1986, Diaz
et al. 1996, Paterson 1997, Poot & Flamant 2000).
The species seems to be spatially attached to a

number of traditional areas and its distribution has
changed little in the last 30 years, despite substantial
changes in the seabird community and in the marine
ecosystem at regional scale (Carboneras 2009).

Our data in the present study support the
prediction that there was some organisation in the
species distribution. The existence of 4 clusters,
among the 7 sites chosen for this study, appeared
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in both the coefficient of similarity (based on
the identity of individuals) and the geographical
composition of the local subpopulations (based
on their origin). Inside the main groups, there
were relatively high exchange ratios of individuals
between proximate sites (<500 km away). But the
similarities between distant groups were quite low
and relatively constant (at 0,01-0,02), possibly as
might be expected from non-directional dispersal
(Newton 2008).

Apart from the distinction between proximate
(<500 km) and distant (>500 km) sites, affinities
between the sites correlated poorly with distance,
so distance alone would not explain the observed
frequencies of inter-site or inter-group mobility.
The observed frequencies were too low (particularly
among distant sites) to estimate the possible
attraction effect of intermediate sites lying on the
way to more distant localities, although this probably
occured. Moreovet, the straits of Gibraltar, a natural
impediment that increases the costs of dispersal by
adding extra distance, does not seem to influence
the exchange of birds between the Mediterranean
and Atlantic basins.

Among our data, differences in reading effort
(highest in Vilanova G.) and in the total number of
wintering birds at each location (largest in Cambrils
and Malaga) might imply different detection
probabilities locally and annually. To overcome this
possible bias, we grouped the number of rings read
at every site for the 4 seasons (so that every ring
present had a higher probability of being detected)
and focused on the relationships of similarity
between sites. It was the number of birds iz common
at each pair of sites that determined the connection
between them.

Of particular interest, in order to test our
hypotheses, were the results for Malaga. Lying on
the Mediterranean coast and slightly closer to SW
Portugal (ca. 600 km, via Gibraltar) than to NE Spain
(ca. 800 km), Malaga had a distinct composition “per
origin” (60% of ‘Mediterranean’ birds, as opposed
to only 33-34% in SW Portugal), but still had closer
affinities to the Portuguese sites. Its low coefficients
of similarity with NE Spain (mean = 0,013) and
with SW Portugal (mean = 0,016) point to its little
sharing of individuals with those two groups. Our
results do not support the possibility that the birds
that winter in Malaga pass through SW Portugal or

NE Spain while on migration or at least that they rest
there long enough to be recorded.

In addition, the fact that Ares, in Galicia, revealed
as a true outsider provides further arguments against
the migration mixing model hypothesis. Apparently,
the migratory routes of the birds wintering in SW
Portugal and Malaga do not run through Ares.
Thus Ares appears also as a distinct site, holding a
local population that does not generally mix, in the
winter season or during migration, with those of
other localities.

The

arrangement are coherent with a metapopulation

observed distribution and population
structure, with high cohesion within regional
complexes but very little inter-regional homogeneity.
However, identifying a metapopulation structure
of wintering birds is more difficult than among
more classical examples (nonmigratory organisms
living in a patchy environment) and the task must
be accomplished with dedicated techniques. Only
a handful of studies have succeeded in providing
good examples of metapopulation structure
among winter populations of migratory birds (e.g,,
Esler 2000, Williams e7 al. 2008). A key element
of such structure is demographic independence
of subpopulations. The Mediterranean gull has
an ample, patchy breeding distribution that has
expanded into western Europe in recent decades
(Bekhuis ez a/. 1997). It is not known to what extent
the breeding population might be structured, but
even in the case of breeding panmixia, distinct
wintering  subpopulations may function as
demographically independent provided that winter
area philopatry is high (Esler 2000). Estimating with
confidence that important parameter would require
more robust data than were available for our study,
and is beyond our aim here.

The question of population structure has
powerful conservation implications, because under
a metapopulation structure subpopulations are
subject to differential risks of extinction (Hanski
1999). The Mediterranean gull is a species requiring
conservation action at European and Mediterranean
level and is listed in Annex I of the Birds Directive.
Spain and Portugal hold a large proportion of
the global population during the winter months
(BirdLife International 2004, Cama 2010). The

wintering population of Mediterranean gull in the
Iberian peninsula shows some typical characteristics



10 Mediterranean Gulls wintering in Spain and Portugal

of a metapopulation structure: (a) spatially
disjunct distribution, (b) essentially unrelated mix
of individuals in each site, (c) a small but regular
exchange of individuals through dispersal. It
remains to be tested whether the local populations
are demographically independent, e.g. through high
winter philopatry. The conservation status of Larus
melanocephalus  requires conservations measures,
including the designation of protected areas such
as SPAs (Special Protection Areas, part of the EC
Natura 2000 network set up by the Birds and Habitats
Directives) and SPAMIs (Specially Protected Areas
of Mediterranean Importance, established by the
UNEP Barcelona Convention and its Protocol on
SPA and Biological Diversity) (Arcos et al. 2009,
Ramirez et al. 2009). Therefore, the network of
protected areas for this species should be designed
taking into account its population structure in order
to secure the long-term conservation of population
units, as a means of preserving the viability of the

population as a whole.
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Site-fidelity is dependent on the size of the area to which the individual returns, so it is
expected to vary according to scale. We examined spatial dynamics in a wintering
population of Mediterranean Gulls known to show strong site-fidelity on a regional scale,
but resightings of individually-coded colour-ringed birds indicated that they probably
engaged in inter-site movements. To study interchange characteristics between localities, we
pulled together resightings during 5 seasons from two near localities and used capture-
recapture multi-site models to estimate the degree and directionality of movements at a
small spatial scale. Results indicated that birds had a low monthly probability of remaining
in their current locality (0.56) and that those changing location were equally likely to move
to the other observed site (0.22) or to other areas. To estimate the total volume of birds at a
single locality, we quantified local population turnover of individuals of all ages for each
season independently. On average, 15800 birds visited the locality every season, a large
proportion of the regional (43 %) and global (18 %) populations and 16-18 times above the
standard midwinter counts. This is the first study of local-scale site-fidelity and within-
season movement dynamics in any gull species; it reveals that although populations may be
spatially stable and the seasonal presence of individuals may be predictable, they probably
visited multiple localities in the course of a single season, including outside the designated
protected areas. The high mobility of individuals found here and the high turnover of gulls
in a given site has important consequences for the design of protected area networks.

The individual tendency to return to a given area
or site-fidelity is a biological trait with important
consequences for survival and conservation
(Martinez-Abrain et al. 2001). Even if broadly
studied during the breeding season, few studies
have analysed the individual attachment to an
area during the wintering season (but see (Harris
et al. 2009, Grist et al. 2014). In the non-breeding
season, fidelity to the wintering area is also
beneficial as a potential source of valuable local

knowledge about food availability and predators’

habits, which may increase individual fitness and
overwinter survival (Robertson and Cooke 1999,
Péron et al. 2010).

considered a ‘black box’ in the annual cycle of

Wintering has often been

migratory birds, while movements to and within

the wintering area can reveal important
individual strategies (Carboneras et al. 2013,
Sergio et al. 2014). Migratory species are generally
assumed to remain static during the summer and
winter stationary periods, yet some bird species

show evidence of movements within the non-



breeding season (Newton 2008). The study of
population turnover has revealed that some
wintering birds, particularly in the family
Anatidae (ducks, geese and swans), regularly
change site within the same season, normally after
the depletion of food sources, extreme weather or
disturbance (Newton 2008); this results in the total
number of birds using a site being higher than the
average number of birds present at any given time
(Giroux 1991, Pradel et al. 1997a, Frederiksen et al.
2001, Rees 2006, Gourlay-Larour et al. 2013). From
a conservation point of view, this means that
more individuals are afforded protection at a
given site than initially estimated, but also they
are protected only for a short amount of time.
Since the assessment of the importance of bird
areas is generally based on instantaneous counts
and not on the total volume estimated (Heath et
al. 2000, Gourlay-Larour et al. 2013), there is a
potential mismatch between between the
collective home range of a population and the size
and location of the protected areas designated for
it.

A lot of effort has been put in recent years into
defining the features, biotic and abiotic, that lead
to the identification of key sites in the terrestrial
and marine environments and into assessing their
adequate size and limits in order to protect them
(Boyd et al. 2008, Wilson et al. 2009, Ronconi et al.
2012). Most systems ultimately aim at identifying
the location of discrete areas of activity that are
relevant for a substantial fraction of the
population of a single species or a community of
species, with a preference for multi-species
aggregation hotspots (Lascelles et al. 2012). That
approach has the potential to leave part of the
area occupied by only one species unprotected. It
may also be unsuitable for highly mobile species
in which individuals shift location frequently and
move among neighbouring sites as part of their
wintering strategy.

We looked at local-scale site-fidelity and within-
season movement dynamics in a wintering
population of Mediterranean Gulls  Larus

melanocephalus. The species is known to show high

probability of local survival and site-fidelity to the
general wintering area (Carboneras et al. 2013) but
observations of individually-coded colour-ringed
birds indicated that they probably engaged in
inter-site movements. We analysed the volume,
direction and likelihood of movements between
two protected sites designated for the species.
This setting was expected to provide information
on the spatial scale of individual movements in

relation to the network of protected areas.

Material and methods

Study system

We focused our investigation on two localities,
hereafter sites, about 50 km apart, Vilanova i la
Geltrd (‘“VNG’ hereafter; 41°14'N, 1%42’E) and
Cambrils (‘CAM’; 41°4'N, 1°3’E; Fig 1), on the
north eastern Mediterranean coast of Spain (Fig.
1). Both sites host large numbers of wintering
Mediterranean gull Larus melanocephalus with
average population in VNG of about 800
individuals, (EEA 2014) and in CAM of about
20,000 individuals, (Cama et al. 2011). Both sites
are listed in the Natura 2000 network under the
EU Birds Directive 2009/147/EC due to their
important populations of Mediterranean Gull. At
the centre of both sites are large fishing harbours
(Fig. 1, VNG: fleet = 83 vessels, average fish daily
landings = 3-9t; CAM: fleet = 46 vessels, average
fish daily landing = 2-2t), which gulls attend to
feed on fish offal and discards. Previous work has
shown that the main wintering season of
Mediterranean Gulls in this area extends from 15
September to 15 February, and that stopover birds
occur outside this period (Carboneras et al. 2013).
Sites were thus visited regularly during this
period, from 2005 to 2010, in search of
individually-marked birds as they concentrated
on beaches and around harbour premises before
they moved to roost at sea. Sampling effort was
more intense in VNG than in CAM, with 116 and
221 resighting days respectively. Observations
were made from a distance with the aid of a 20-

60x telescope, and there was no handling of any



bird. All gulls had been ringed during the
breeding period in other countries over a large
area extending from the Black Sea to Belgium and

the Netherlands prior to their arrival in the study

system.
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Fig. 1. Location of the wintering area showing, right, a
schematic representation of the spatial distribution of
Mediterranean Gull concentrations associated to the
principal fishing harbours. Circle size is proportional to
the average Mediterranean Gull numbers on a
logarithm scale; there is one order of magnitude
difference in the population size between Cambrils
(black circle) and Vilanova i la Geltra (grey circle), the
two localities sampled for marked birds; white circles
indicate other sites. Site location is arranged according
to the distance (in km) to Blanes (41°41'N, 2°48’E), at the
N edge of the wintering area. The shaded grey area
indicates the location of the Marine Protection Areas

designated as Natura 2000 sites in the region.

Between-site dispersal

To investigate the direction and frequency of
interchange movements within the study area, we
built a dataset with the weekly observations of
colour-ringed birds made over 5 seasons (30
occasions) at both sites, VNG and CAM. We
fitted multi-site capture-recapture models in
program MARK (White and Burnham 1999) to

estimate site-dependent survival probability at

site 1, ¢, and transition probability, 15, from site r
to site s. To maximize the number of individuals,
we considered resightings made from the 8% to
the 15t of each month (October to February) from
2005 to 2010. Our observations were only made on
weekdays, when there was fishing activity. Before
conducting the analysis, software U-CARE
(Choquet et al. 2009) was used to assess the fit of
the general model in which all parameters were
site and time dependent. We assumed the
presence of a non-observable site, ‘NOS’ hereafter,
with the probability of resighting fixed to 0, to
accommodate those individuals that could be
alive but not seen neither in VNG nor in CAM
(Hénaux et al. 2007). Hence, our computation
allowed individuals to move freely among three
sites, but only those in VNG and CAM would be
visible. In this analysis, we considered four
different models (ranked 1-4 in Table Al). Model
1 assumed equal movement probability among
the three states, models 2 and 3 assumed a
different movement probability associated to each
state and model 4 assumed equal probability of
reciprocal movement between pairs of states, that
is 1pvnccam=thcamvne and  Pcamnos=Ynoscam  but
Pvnceav#peavnos. Model selection followed an
information-theoretic approach based on the
Akaike Information Criterion adjusted for the
small sample size AIC. (Burnham and Anderson
2002), in which the model with the lowest AICc
values should be considered as the best
compromise between model fit and the number of
estimable parameters. Models with AICc values
below 4 points were arbitrarily considered as

equivalent (Burnham and Anderson 2002).

Winter population volume and

population size

super-

We investigated the population volume and the
turnover in the smaller of the two localities
considered, VNG, for which we had more data,
using the encounter histories of birds seen in this
site for five consecutive winters (2005/06 to
2009/10). The total number of animals in VNG at

any given time was estimated using the POPAN



model (Arnason and Schwarz 2002) available in
the software MARK 7.0 (White and Burnham
1999). The POPAN formulation is a particular
parameterization of the time-dependent Cormack-
Jolly-Seber model (CJS; (Schwarz and Arnason
1996). By assuming a super-population, N, made
of the total number of animals ever present in the
population, it is possible to estimate at each
occasion, i, a recruitment parameter, b, which
represents the probability of entry in the observed
population, i.e., the probability that an animal
from this hypothetical super-population would
enter the observed population between occasion i
and i+1 (Schwarz and Arnason 1996). Within each
year we identified intervals of 4 weeks (~ one
month) and pooled resightings obtained over the
first week only, to meet the assumption of no
mortality during the resighting period (Lebreton
et al. 1992). We considered the 5 wintering
seasons independently and constructed one
dataset per season with the encounter histories of
marked animals. We assumed that ring loss
during a single winter was negligible. Not all
parameters of the general time-dependent
POPAN model are estimable (Cooch and White
2012). We applied the constraint proposed by
Williams et al. (Williams et al. 2011) to set p1 = p2
and px = px1, where k is the number of occasions, in
order to make all survival and entry parameters
estimable in the model. The probability of entry, b,
was kept time-dependent because models with
constant b have no sensible
interpretation (Cooch and White 2012). For each

winter, we tested a combination of four candidate

biological

models: a fully time-dependent model, ¢(t) p(t), a
model with constant survival and encounter
probability, ¢(-) p(-), and two models in which
probability  or
probability was time-dependent while the other

either  encounter survival
was held constant, ¢(t) p(-) and ¢(-) p(t). The
goodness-of-fit, GOF, of the full time dependent
model was assessed with program RELEASE. The
total chi-square value of the GOF tests, divided by
the degrees of freedom, can be taken as a variance

inflation factor, ¢, and used to correct model

deviances (Cooch and White 2012). Following
Silva et al. (2010) we corrected the estimates of
population size for the proportion of colour-
marked individuals relative to the total number
available for observation, m. This value was used
to estimate the number of birds present on the site
(Atkinson et al. 2007) as:
N
Ngut =—
m
where Ngui is the estimated number of

Mediterranean Gulls (marked and unmarked)
using a given site and N is either N or N*,

where N is the monthly and N * is the annual
gross super-population size, that includes all
individuals that enter and leave the population
between consecutive surveys and thus are never
available for sampling (Williams et al. 2011).
Monthly and seasonal estimates of the number of

Mediterranean  Gulls  visiting VNG  were

calculated based on the values of N in the

retained model and the proportion of colour-

marked birds calculated on the site (;C =1-397 - 102,
SE = 0-055 - 10?).

We collected data on the apparent total number of
birds present at the site by means a single-count
during each individual sampling occasion (1 = 92).
This value has been used as a comparison with
the estimated N. We also used for comparison the
data of the local mid-winter International
Waterbird Census (IWC) counts carried out in
January of each year by an independent observer

(n = 5) using the same methodology.

Results

Between-site dispersal

The GOF test detected a highly significant
presence of transients or permanent emigrants in

2
the general multi-site model (test 3G.SR Z% =

68-00, P = 0-001). To reduce the effect of an
excessive presence of transients in the general

model, we suppressed the first capture occasion
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Fig. 2. Transition probabilities 4 (95% CI) among
VNG (Vilanova i la Geltra), CAM (Cambrils) and
NOS (non-observable site) estimated by multi-site
model 1, based on equal transition probabilities
among the three sites that are constant over time
(Table Al). The probability of residence is calculated

by subtraction (1 — 4 ).

(Pradel et al. 1997b), i.e. the first resighting. The
reduced data set consisted of 438 encounters of
195 individuals in 30 week-long sampling
occasions during the 2005-2010 winters. The
second GOF test indicated that the multi-site type
fitted the corrected data adequately and that the

assumptions of the Jolly-Movement (JMV) model

2
were being met ( 1144: 106-71, P = 0-99). Of the 15

models available in this analysis (Table A1), four
(ranked 1-4) had relatively low differences in
AICc weight (less than 4 points, or > 0.1%). The
main difference between models 1-4 lied in the
structure of the transition probabilities, ¥/ .
Model 1 had the highest AIC weight (0.39), more
than twice that of similar model 3 (0.17), so it was
judged to be the most likely. This model assumes
equal movement probability among the three
states (but cf. models 2 & 6). Its encounter
probabilities were pync = 0-40 (95% CI. 0-34-0-47)
for the VNG site, similar to the one found in the
single-site approach, and pcam = 0-10 (95% CI,
0-08-0-16) for the CAM site. The transition
probabilities of this model were ¥ = 0-22 (95%
CI, 0-17-0-29) for all transitions among VNG,
CAM and ‘NOS’ (fig. 2). Hence, an individual in
VNG or CAM had a 44% monthly probability of

leaving that locality, 22% of moving to the other
site and 22% of going somewhere else in the
general area. Equally, an individual in state NOS
had a 44% probability of moving to VNG or CAM.
The monthly probability of remaining on the site,
calculated by subtraction, was 0-56 (95% CI, 0-42-
0-66) (fig. 4).

Winter population volume and super-
population size

In total, we recorded 667 resightings (97-217 per
season; average 100) of 501 individuals (76-146
per season; average 133). The goodness-of-fit tests
indicated that the POPAN models fitted the data
adequately (Table A2). This is in contrast with the
results from the first analysis possibly due to the
lower observation effort in CAM, with 40 % of
occasions with p = 0. Nevertheless we used the
appropriate ¢ for each dataset to adjust model
deviance (Table A2). For each seasonal analysis,
the model with the highest AIC weight was
retained (Table A3).
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Fig. 3. Boxplot comparison of the results of counting
wintering Mediterranean Gulls present in VNG following
different methodologies: direct counts, by the same
observer, of the number of gulls present at the time of each
sampling occasion (1 = 92); International Waterbird Census
(IWC) counts (n = 5); and average estimates of the super-

population size N at the time of each sampling occasion, as
derived from the POPAN models (n = 23). The width of each
box is proportional to the sample size.
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The geometric mean of the monthly encounter
probabilities p was 0-36 (range, 0-30—-0-48) and the
geometric monthly
probabilities, ¢, was 0-86 (range, 0-80-0-92). The

models

mean of the survival

provided monthly estimates of the

population size, Ni as a derived parameter.
Monthly
Mediterranean Gulls visiting VNG each month

estimates of the number of
were consistently high across winters, with peaks

between October and January (fig. 2a). Mean
estimates of N (;= 5504, SE = 470, n = 23) were

about six times higher than the direct counts of

birds present during sampling occasions in the

wintering period (;= 886, SE = 63, n = 92) and
from the International Waterbird Census (IWC)

counts, January 2006-2010 (;= 990, SE = 298, n =
5) (Fig. 3). Across winters, the average monthly
probability of entry between sampling occasions,
b, was 0-36 in Oct, 0-24 in Nov, 0-12 in Dec and
0-08 in Jan (fig. 2b). This is the probability that a
Mediterranean Gull already present in the super-
population entered the VNG site for the first time at
those points in time.

The volume estimates of the total number of

Mediterranean Gulls visiting VNG during a

wintering season, N *, were: 14 796 (95% CI, 9
579-20 013) in 2005/06, 13 398 (95% CI, 10 135-16
661) in 2006/07, 18 449 (95% ClI, 15 411-21 486) in
2007/08, 18 842 (95% CI, 9 934-27 749) in 2008/09

34
ﬁ-i--- IE 7 11
0

=]

Sep Oct Nov Dec Jan Feb

C—12005/06 E===a2006/07 ===m2007/05 == ?008/09 wmmmm?009/10 = = avgcounts

and 14 085 (95% CI, 9 133-19 037) in 2009/10, with
a geometric mean of 15 754 (95% CI, 10 630-20
683). This represents 85% of the population
wintering in the Catalonia region (Josa et al. 2011),
43% of the total population wintering in the NW
Mediterranean and 18% of the global population
of the species (Cama et al. 2011, Wetlands
International 2015), as based on direct counts and

the extrapolation of observed densities.

Discussion

Our study looked into the fine-scale spatial
dynamics of a wintering population, and it
addresses, for the first time for any gull species,
hypotheses on small-scale movements using
individual based data. The results revealed that
site fidelity appears to be dependent on the spatial
scale considered. Individuals were faithful to the
wintering area on a regional scale (hundreds of
km) but showed little site fidelity on a local scale
(tens of km). Despite showing strong site-fidelity
both to the breeding grounds (Marvelde et al.
2009) and to the wintering area (Carboneras et al.
2013), individual Mediterranean Gulls in this
study were not likely to spend all winter in a
single site; their monthly probability of moving
away from a site was almost as high as that of
staying. When they moved, birds did not follow

any preferred direction, and many colour-ringed

Probability of entry, g
°
w
=1
.

Oct Oct Nov Nov Dec Dec Jan Jan

Fig. 4a (left). Estimates of temporal super-population size (N ) at the time of each monthly sampling occasion for the 5
seasons, 2005/06 — 2009/10, as derived from the POPAN models. The wintering period extends between 15 Sep and 15 Feb.
Fig. 4b (right). Estimates of monthly entry probabilities 3, as obtained from the selected POPAN models for the 5 seasons.
Each point shows the probability that, in a four-week period, an individual present in the super-population N enters the
VNG site for the first time in that season. The grey columns show the mean values for each month.



individuals returned to one of the observation
localities after having spent time in the other, or
vice versa. Being mobile in winter implies
spending energy in travelling and perhaps having
less detailed local knowledge. Despite the
energetic cost, small scale movements increase the
chances of optimizing foraging strategies and of
adapting to local availability of resources.

Our multi-site model highlighted the equal
probability that, once individuals have moved,
they travel to one of the well-known wintering
localities (shorter distance) or outside the study
system (longer distance). Assuming that birds
stayed in the same general area all winter
(Carboneras et al. 2013), ‘elsewhere” would mean
any site on a 350-km long coastline. (Carboneras
et al. 2010) demonstrated that Mediterranean Gull
populations ~ distribute around the Iberian
Peninsula following a metapopulation pattern,
clumping in wintering units >500 km apart that
do not share individuals other than through
dispersal. Significant parts of the occupied
coastline are protected as MPAs or Natura 2000
sites, on land or at sea (or both), but there are also
long stretches of unprotected suitable habitat
which the birds may use either as alternative sites,
or during their travels. It is clear from our results
that wintering in multiple sites on a local scale is a
common strategy in this species; we found that
birds moved freely within their wintering areas,
on a spatial scale much larger than the average
coastal MPA or Natura 2000 site.

Mediterranean Gulls follow trawlers offshore
during the day, and into the harbours in the
evenings, to feed mostly on discards that are
available only on weekdays (Cama et al. 2011).
Food is less predictable during weekends, so we
anticipated that changes of location would be
more likely then. To avoid that potential bias, we
excluded any weekend observations from our
data and, as a consequence, our results reflect
changes that occurred, or were detected, only
during weekdays. Thus, individuals in our study

moved about and travelled >50 km distances

while food was still predictable at the site they
were leaving.

In the POPAN model, the distribution of the b
values of probability to enter the observed
population, reflected the relative probability that
a bird, ultimately a visitor to VNG, had been in
the general area without visiting the locality. This
probability was still high in December (12 %) and
into January (8 %), which reflects the dynamism
and the size of the wintering population

associated to the site. Monthly estimates of the net

population size N fluctuated seasonally and did
not fluctuate greatly between years (Fig. 2a).
However, the yearly peaks occurred at different
months each year, reflecting that spatiotemporal
oscillations in the distribution occurred on a local
scale, in the changing proportions of the
wintering population that spend time in VNG.
Possibly through a combination of self-acquired
and socially-held knowledge, individual gulls
might become aware of the existence of foraging
opportunities at other sites within the general
wintering area. Conspecific density at the
destination point might, if known, also play an
unknown role in individual decision-making. The
total number of birds present at the larger locality
(CAM) was on average ten times bigger than in
VNG, yet that did not seem to affect the
probability of movement in either direction.

The two MPAs designated as Natura 2000 sites in
the study area for the conservation of several
seabird species, including Mediterranean Gulls,
are separated on the coastline by a calcareous
massif and comprise two different coastal
landscapes. They are sufficiently far apart to
justify — to the human eyes — being considered as
separate areas for the purpose of conservation,
and not as part of the same continuum. However,
our study of Mediterranean Gulls revealed that
individuals in this species spent the wintering
season not in one but in multiple localities, and
would travel relatively long distances even in the
peak of the wintering season. There was no

obvious change in the environmental conditions



in any of the five seasons of our study to explain
the individual movements observed. Conversely,
the spatial dynamics of waterbirds such as ducks,
geese, swans and waders, showed a tendency to
change site in the same season following a change
of conditions (Tamisier 1978, Hestbeck et al. 1991,
Swann et al. 2005, Luis and Goss-Custard 2005).

From the high mobility detected, we deduce that
most if not all Mediterranean Gulls in the
wintering area would eventually spend time in
the current network of MPAs designed for its
conservation. However, given the discontinuities
of the network and the mobility of the species, it is
also very likely that most individuals would
equally spend time in places without protection.
Our study provides direct evidence of within-

winter movement and as such it has direct
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Appendix - Supplementary Material

Table A1l. Modelling local survival and transition probabilities among multiple sites. Np =number of
parameters, AICc = Akaike Information Criterion corrected for sample size, Ai = difference in AICc
relative to the best model, wi = model weight, ¢ = survival, p = resighting probability, ¢ = transition

probability of entry. The selected model is shown in bold. Model notation: t = time, - = constant.

A

Table A2. Results of the goodness of fit (GOF) tests on the datasets used for the POPAN analysis. ¢ =

variance inflation factor. Each dataset corresponded to a winter season and was analysed separately.

Table A3. Estimating total volume or super-population size (N *) and entry probabilities g, in VNG
site for the 5 seasons, 2005/06 — 2009/10 with POPAN. Np = number of parameters, QAICc = quasi-
likelihood in AIC, Ai = difference in AIC relative to the best model, wi = model weight, ¢ = survival, p

= resighting probability, § = probability of entry, N*_ super-population size. Selected models are

shown in bold. Model notation: t = time, - = constant, - = parameter not used.



Table A1.

Rank Np AlCc Ai wi  Deviance % p [

1 10 2137-79 0-00 039 1621-72 VNG=CAM=NOS (#) VNG,CAM,NOS () VNG=CAM=NOS ()

2 12 213790 0-11 037 1617-64  VNG=CAM, NOS (f) VNG,CAM,NOS () VNG,CAM,NOS (")

3 13 2139-49 1-70 017 161712  VNG=CAM=NOS (f) VNG,CAM,NOS (-) VNG,CAM,NOS ()

4 13 2141-29 3.50 0-07 161893  VNG=CAM=NOS (1) VNG,CAMNOS () VNGCAM=CAMVNG,
CAMC=CCAM (-)

5 11 2160-22 22.43 000 1642-07 VNG,CAM,NOS (t) VNG,CAM,NOS (") VNG,CAM,NOS ()

6 9 2169-11 31-31 0-00  1655-12 VNG=CAM, C (#) VNG CAM,NOS () VNG=CAM=NOS ()

7 7 217561 37-81 0-00 166576 VNG=CAM (), VNG,CAM,NOS () VNG,CAM,NOS ()

()

8 12 2181-39 4359 0-00 1661-13 VNG=CAM, C (t) VNG,CAMNOS () VNGCAM=CAMVNG,
CAMC=CCAM ()

9 4 2191-63 53.84 0-00 168793 VNG=CAM=NOS (-) VNG,CAM,NOS (") VNG=CAM=NOS (-)

10 6 2193.08 5529 000 168530  VNG=CAM=NOS () VNG,CAM,NOS (-) VNG,CAM,NOS ()

11 6 2193-52 55-73 0-00 1685-73 VNG,CAM,NOS () VNG,CAM,NOS (') VNG,CAM,NOS (')

12 9 220868 70-89 0-00 169469  VNG=CAM=NOS (1) VNG=CAM, C () VNG=CAM=NOS ()

13 21 2335-54 197-75 0-00 179599 VNG=CAM=NOS () VNG,CAM,NOS () VNG,CAM,NOS (i)

14 39  79582-10 77444-31 000 7900170  VNGCAMNOS () VNG,CAM (#), VNG,CAM,NOS ()

C0
15 80 79742-10 77604-31 0-00 79055-56 VNG,CAM,NOS (t) VNG, CAM,NOS (t) VNG, CAM,NOS (t)




Table A2.

Season occzz.ons X2 (teszO 41-: test 3) df P ¢
2005/06 4 0-23 4 0-99 <1
2006/07 5 823 7 0-31 1.18
2007/08 5 11-66 6 0-07 1-94
2008/09 4 3:36 1 0.07 3.36
2009/10 5 592 4 0-21 1-48




Table A3.

Rank Np QAICc Ai wi @ N *(+SE)
2005/06 season
1 8 145-23 0-00 0-38 t 207 (+37)
2 6 145-61 0-38 0-32
3 5 146-86 1-62 0-17
4 9 147-40 217 0-13 t
2006/07 season
1 6 184-57 0-00 0-75 187 (x23)
2 10 187-84 327 0-15 t
3 8 189-05 4-48 0-08
4 12 191-95 7-38 0-02 t
2007/08 season
1 7 185-82 0-00 0-58 258 (¥22)
2 8 186-74 0-93 0-36
3 11 191-55 5-74 0-03 t
4 10 191-94 6-12 0-03 t
2008/09 season
1 6 121-30 0-00 0-62 263 (+63)
2 7 123-02 1.72 0-26
3 8 125-31 4-01 0-08 t
4 9 127-64 6-34 0-03 t
2009/10 season
1 5 114-87 0-00 0-39 197(+35)
2 6 115-18 0-31 0-33
3 8 116-41 1-54 0-18 t
4 10 117-43 2-55 0-11 t
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We studied a newly established breeding population of
the range-expanding Mediterranean Gull Larus melano-
cephalus in eastern Spain, situated in close proximity to
the species’ main wintering area. By investigating the
origin, population composition and wintering area of the
new breeders, we found that recruitment from locally
wintering birds was unlikely and that the emerging colo-
nies were probably attracting birds from populations
wintering 7001200 km away in Portugal and southern
Spain. Our findings reveal that expanding populations
may follow their own dynamics, independently of other
populations of the same species, and may consist of dif-
ferent individuals altogether.

Keywords: breeding range, expanding species,
migration, population ecology, recruitment,
wintering area.

Expanding populations of migratory birds face novel
challenges as they establish themselves in new areas. A
tendency to return to the traditional wintering grounds
should be expected, at least initially, because maintain-
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ing good connectivity with the wintering area