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Extraordinary high natal philopatry in a migratory passerine
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Natal dispersal is a key component of population dynamics in birds. It guarantees the genetic exchange of populations, favours range expansions and reduces intraspecific competition. In general, natal philopatry of migratory passerines is quite low (0-13.5%). In this study, we give evidence that, under specific conditions, migratory populations of passerine birds may show a considerably elevated natal philopatry. In a Linnet Carduelis cannabina population on the remote island of Helgoland in the North Sea, we found an extraordinary high return rate of yearlings (38%), which corresponds exactly to the annual survival rate of the species. Despite being completely migratory, the Linnets of Helgoland apparently return to a large extent to their native area and consequently might support the population maintenance on the island. Further studies are needed to reveal if this high natal philopatry is only an unusual 1-year event or a general characteristic of this partially isolated island population.

Introduction

Many passerine bird species show great site fidelity to their breeding grounds, since individuals may benefit from nesting near the place where they were raised [START_REF] Weatherhead | Natal philopatry in passerine birds: genetic or ecological influence?[END_REF]. Besides the advantage of local knowledge, which enables the birds to optimally exploit the resources of the area and to successfully defend their territories against competitors, populations tend to become adapted over many generations through natural selection to the conditions prevailing in their particular region [START_REF] Greenwood | The natal and breeding dispersal of birds[END_REF][START_REF] Newton | The migration ecology of birds[END_REF].

In contrast, natal philopatry in passerines is in most cases clearly lower than the site fidelity of the adults, especially in migrant species [START_REF] Weatherhead | Natal philopatry in passerine birds: genetic or ecological influence?[END_REF], and high natal philopatry is mostly found in isolated populations [START_REF] Wheelwright | Philopatry, natal dispersal, and inbreeding avoidance in an island population of savannah sparrows[END_REF]. In general, young passerines conduct dispersal movements after fledging (dismigration), actively moving out of their native areas [START_REF] Berthold | Bird migration. A general survey[END_REF]. Natal dispersal movements possess several advantages, such as the avoidance of intraspecific concurrence and the exploration and colonisation of other suitable breeding areas in the neighbourhood [START_REF] Gwinner | Orientierung[END_REF][START_REF] Sniegowski | Can experience alter the avian annual cycle? Results of migration experiments with indigo buntings[END_REF][START_REF] Berthold | Bird migration. A general survey[END_REF]. Especially when the native areas are overcrowded, these movements away from the native sites may considerably enhance the individual survival and reproductive prospects. Other important reasons for natal dispersal are the reduction of inbreeding with close relatives, and the fitness-positive exchange with genetically distinct partners [START_REF] Greenwood | The natal and breeding dispersal of birds[END_REF][START_REF] Newton | The migration ecology of birds[END_REF].

We studied site fidelity and natal philopatry in a Linnet Carduelis cannabina population on Helgoland, Germany, between 2008 and2009. This offshore island is somewhat isolated from the mainland (minimum 60 km distance) and other small islands close to the German North Sea coast (minimum 42 km distance). Only a few songbird species have colonised the island successfully, being generally sedentary (e.g. 140 pairs of House Sparrows Passer domesticus and 95 pairs of Blackbirds Turdus merula). Of migratory birds, only Common Starlings Sturnus vulgaris, Meadow Pipits Anthus pratensis, White Wagtails Motacilla alba and Linnets have established breeding populations with more than ten pairs [START_REF] Dierschke | Ornithologischer Jahresbericht 2008 fu ¨r Helgoland[END_REF].

Due to the local isolation of the Linnet population of Helgoland we expected to find a specific recruitment pattern. During our survey, we observed on several occasions that small groups of juvenile Linnets tried to leave the island during dispersal time, but all the attempts failed and the birds returned after some hundred metres. As a consequence, more or less all juvenile Linnets stayed on the island until the time of migration (September). Given this apparent lack of natal dispersal and taking into account the aforementioned selection of future breeding sites during this period, we expected to find a high return rate of juvenile birds to the island in the following year.

Methods

Study area and study species

Helgoland Island-approximately 1 km 2 in size-is situated in the North Sea, about 60 km off the German mainland coast (54°12 0 N, 07°56 0 E). The Linnet is the only finch species which has colonised the island successfully. Other finches such as the Common Rosefinch Carpodacus erythrinus, the Chaffinch Fringilla coelebs and the Redpoll Carduelis flammea have settled Helgoland only temporarily and with very few pairs. The first breeding Linnets were found in 1963 and today 25-30 pairs inhabit the island. This positive development is mostly related to vegetation changes, which nowadays provide suitable habitat for the species. The Linnets of Helgoland are migratory and leave the island in September/October, coming back the next spring around April [START_REF] Fo ¨rschler | Farbberingte Blutha ¨nflinge Carduelis cannabina auf Helgoland-einmal Spanien und zuru ¨ck[END_REF]. The migration route follows a southwest direction, to Belgium and France [START_REF] Zink | Der Zug europa ¨ischer Singvo ¨gel[END_REF]. One recovery of a wintering bird in central Spain indicates long-distance migration of the Helgoland birds (Fo ¨rschler and del Val 2009).

Colour ringing and recruitment

We started colour ringing of the Linnet population on Helgoland in spring 2008. In total, 10 adults and 70 juveniles were marked with individual combinations of three colour rings and one metal ring. Between April and September 2009, we investigated the return rate of our birds and their subsequent integration into the breeding population. We conducted daily excursions that covered the entire island throughout the whole season; hence the probability that we overlooked some individuals can be regarded as very low. For each bird, we also looked for any indications of breeding activities (breeding site, feeding of juveniles).

Results

We found a high return rate in the Linnet population of Helgoland island. Of 80 colour-ringed birds in 2008, 38.8% returned the following year (Table 1). Interestingly, the return rate of juvenile birds appeared to be as high as the return rate of adult birds. Of the returning yearlings, 66.6% of the females and 33.3% of the males were nesting on the island in 2009 (Table 2). The remaining individuals could not be assigned to breeding activities, because they were either without a mate or because they disappeared early in the breeding season.

Discussion

The site fidelity of adult Linnets on Helgoland was about 40%. Comparable return rates for adult birds in this species have been previously observed in a study on the island of Mellum (36%), close to the German North Sea coast [START_REF] Dietrich | Verhalten und Gesang einer Inselpopulation des Ha ¨nflings (Acanthis cannabina)[END_REF]. However, more surprisingly, we found an extremely high natal philopatry in yearlings, with a value of 38.6%. In comparison, the average return rate of 140 young Linnets on the island of Mellum was only about 5% and ranged from 0 to 11% within 4 years [START_REF] Dietrich | Verhalten und Gesang einer Inselpopulation des Ha ¨nflings (Acanthis cannabina)[END_REF]).

To our knowledge, such a high rate of natal philopatry has not been observed in many other migratory songbird populations. [START_REF] Weatherhead | Natal philopatry in passerine birds: genetic or ecological influence?[END_REF] reviewed natal philopatry in passerine birds and found return rates from 0 to 13.5% in 32 migratory species. Similarly, in a recent overview on 25 different songbirds, the return rates of yearlings were also quite low, ranging from 0.9 to 12.5% [START_REF] Newton | The migration ecology of birds[END_REF]. Even in the Savannah Sparrow Passerculus sandwichensis, which is supposed to show one of the highest rates of natal philopatry for a migratory passerine, just 11.2% of the yearlings returned to breed in the following year [START_REF] Wheelwright | Philopatry, natal dispersal, and inbreeding avoidance in an island population of savannah sparrows[END_REF]. The only comparable case we found in the literature was the return rate of young saltmarsh Sharp-tailed Sparrows Ammodramus caudacutus to their natal marsh, which ranged from 0 to 44% per year [START_REF] Diquinzio | Site fidelity, philopatry, and survival of promiscuous saltmarsh sharp-tailed sparrows in Rhode Island[END_REF]. In this study, the mean return rate of yearlings averaged over several marshes was 29.7% in 1997 and 12.4% in 1998. However, it remains unclear if these populations with high recruitment conduct a really extensive migration, since the study area is inhabited by the species all yearround (e.g. http://bna.birds.cornell.edu/bna/species/112/ galleries/figures/stailed-sparrow-map). In general, high natal philopatry is more common in non-passerines, especially in colony breeders such as the Common Tern Sterna hirundo, where the recruitment of young birds reaches a proportion of 33.9-41.5% [START_REF] Becker | Population sex ratio shift from fledging to recruitment: consequences for demography in a philopatric seabird[END_REF]. Not all the returning yearlings in our study were actively breeding (66.6% females and 33.3% males). The inactive individuals stayed on the island as ''floaters'' without a mate or they disappeared early in the breeding season. We currently do not know if these birds were predated or if they left the island due to competition with other breeding birds. Apparently, there was no sex bias in the return rate of the Linnets, since we observed similar numbers of males and females. However, we did not determine the sex ratio in the ringed juvenile birds, which would allow us to answer this question with certainty.

Annual survival estimates for Linnets range from 34 to 37%, both for adults and yearlings [START_REF] Siriwardena | Variation in the survival rates of some British passerines with respect to their population trends on farmland[END_REF] and are quite similar to the observed return rates in our study. Therefore, we suppose that most of the Linnets which survived the winter of 2008-2009 came back to their native area on Helgoland in the following spring.

We assume that one of the reasons for the extraordinary high annual return rate of yearlings might be found in the isolation [START_REF] Weatherhead | Natal philopatry in passerine birds: genetic or ecological influence?[END_REF] and especially in the reduced natal dispersal on the island. After independence of their parents, Linnets gather in larger flocks. In these flocks, they explore dispersal areas away from their native sites, in a search for new food sources and potential breeding grounds for the next season. The mean distance of this natal dispersal in Linnets is about 4.4 km [START_REF] Newton | The migration ecology of birds[END_REF]. As described earlier, we several times observed that juvenile Linnets tried to leave the island, but that they failed in all their attempts. We suggest that the distance from Helgoland to the mainland or to the next islands might be too great to conduct larger movements during dispersal, probably due to physiological restrictions. Consequently, all the juvenile birds would be forced to stay on the island during the time of natal dispersal. This assumption is supported by our observation that all juvenile Linnets stayed on Helgoland until September and only left during the migration period after post-juvenile moult. This late departure might avoid the birds imprinting on other potential breeding sites [START_REF] Lo ¨hrl | Zur Frage des Zeitpunkts einer Pra ¨gung auf die Heimatregion beim Halsbandschna ¨pper (Ficedula albicollis)[END_REF][START_REF] Berndt | Verfrachtungsexperimente zur Frage der Geburtsortspra ¨gung beim Trauerschna ¨pper (Ficedula hypoleuca)[END_REF] and new habitats [START_REF] Glu ¨ck | Zur individuellen Variabilita ¨t der Habitatwahl von Ha ¨nflingen Acanthis cannabina[END_REF]. Alternatively, the strong natal philopatry might be a genetically determined response to the specific insular features of Helgoland, since high site fidelity and high natal philopatry are known as typical components of the insular syndrome [START_REF] Blondel | Evolution and ecology of birds on islands: trends and prospects[END_REF].

Further studies have to show whether this high natal philopatry on Helgoland was an unusual 1-year event induced by extraordinary high productivity and winter survival, or whether it constitutes a general pattern of this partially isolated population.

Zusammenfassung

Ungewo ¨hnlich hohe Geburtsortstreue bei einer ziehenden Singvogelart

Dispersionsbewegungen von Jungvo ¨geln spielen eine große Rolle in der Populationsdynamik. Sie garantieren den genetischen Austausch benachbarter Populationen, begu ¨nstigen Arealerweiterungen und verringern die innerartliche Konkurrenz um begrenzte Brutressourcen. Im allgemeinen ist die Geburtsortstreue (Philopatrie) von ziehenden Singvo ¨geln daher recht niedrig (0-13.5%). In unserer Studie zeigen wir hingegen, dass Zugvogelpopulationen unter bestimmten Bedingungen eine deutlich ho ¨herer Geburtsortstreue aufweisen ko ¨nnen. In einer Blutha ¨nflingspopulation auf der ra ¨umlich isolierten Insel Helgoland in der Nordsee fanden wir eine ungewo ¨hnliche hohe Ru ¨ckkehrrate von vorja ¨hrigen Vo ¨geln (38%), die interessanterweise genau den bekannten Werten zur ja ¨hrlichen U ¨berlebenswahrscheinlichkeit der Art entspricht. Scheinbar kehren die Helgola ¨nder Blutha ¨nflinge, obwohl sie Zugvo ¨gel sind, großteils in ihr Geburtsgebiet zuru ¨ck und tragen so zum Erhalt der lokalen Population auf der Insel bei. Zuku ¨nftige Studien werden zeigen, ob die hohe Geburtsortstreue in unserer Einjahres-Studie nur eine ungewo ¨hnliche Ausnahme darstellt oder ob es sich um ein generelles Charakteristikum dieser teilisolierten Population handelt. 

Table 1

 1 Proportion of returned and actively breeding Linnets

	Carduelis cannabina in 2009 on Helgoland Island that had been
	colour-ringed in 2008			
		Yearlings	Adults	Total
	Colour-ringed 2008	70	10	80
	Return rate 2009	27 (38.6%)	4 (40%)	31 (38.8%)
	Active breeding 2009	14 (20%)	3 (30%)	3 (21.3%)

Table 2

 2 Proportion of returned yearling Linnets Carduelis cannabina that were found nesting in 2009 on Helgoland Island

	Yearlings	Males	Females
	Returned 2009	12	15
	Active breeding 2009	4 (33.3%)	10 (66.6%)
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