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Zusammenfassung: Phänologische Zeitserien der Vogelmigration: Elf Jahre Monitoring an einem luxemburgischen Standort
Diese Studie fasst die Migrationsphänologie vom Teichrohrsänger Acrocephalus scirpaceus, Sumpfrohrsänger A. palustrus, Schilfrohrsänger A. schoenobaenus, Zilpzalp Phylloscopus collabyta, Mönchsgrasmücke Sylvia atricapilla, Gartengrasmücke S. borin, Singdrossel Turdus philomelos, Rotkehlchen Erithacus rubecula und Rohrammer Emberiza schoeniclus zusammen. Die Daten wuden über die letzten 11 Jahre in einem Naturschutzgebiet von der Beringungsstation Uebersyren gesammelt. Jede Art hat ihre spezifische Phänologie, welche unter anderem von Ereignissen wie post-juveniler Verstreuung und Zug nordischer Populationen beeinflusst ist. Diese Arbeit kann als Basis für weitere Studien und Naturschutzmaßnahmen im Gebiet und darüber hinaus dienen.
Résumé : Séries de temps phénologiques de la migration des oiseaux : Onze années de monitoring sur un site luxembourgeois
Le but de cette étude était de représenter la phénologie migratoire aant tout de la Rousserolle effarvatte Acrocephalus scirpaceus, de la Rousserolle verderolle A. palustrus, du Phragmite des joncs A. schoenobaenus, du Pouillot véloce Phylloscopus collabyta, de la Fauvette à tête noire Sylvia atricapilla, de la Fauvette de jardins S. borin , de la Grive musicienne Turdus philomelos, du Rouge-gorge Erithacus rubecula et du Bruant des roseaux Emberiza schoeniclus. Les données sont le fruit de 11 ans de baguage dans une zone humide protégée à Uebersyren, Luxembourg. Les différentes espèces ont des phénologies spécifiques qui sont influencées entre autres par des évènements comme la dispersion post-juvénile et la migration de populations nordiques. Ce travail peut servir de base pour des actions de conservation et des études scientifiques futures.
Abstract

This work offers a fine-scale look at the migration phenology of predominantly the Reed Warbler Acrocephalus scirpaceus, the Marsh Warbler A. palustrus, the Sedge Warbler , the Chiffchaff Phylloscopus collabyta, the Blackcap Sylvia atricapilla, the Garden Warbler S. borin, the Song Thrush Turdus philomelos, the Robin Erithacus rubecula and the Reed Bunting Emberiza schoeniclus. These data are the yield of an 11-year survey in a wetland reserve in Luxembourg by the Ringing Station Uebersyren. The different species show very different migration phenologies which may be due among others to events like post-juvenile dispersal and migration of northern populations for which some evidence is found in this dataset. This work may serve as a basis for further research as well as for conservation practices at that site and beyond.

Introduction

Migration is an event of central importance for the great majority of bird species breeding in Europe. It is also an evolutionarily very interesting phenomenon with bird populations moving to new environments in which different selection pressures operate and where probably the biggest selection pressure of all is imposed by the journey itself. The ecological dimension of bird migration is another poorly studied subject. For example, we know little about how European birds integrate into the local community at their wintering grounds. Stopover sites represent another focal point of migratory ecology. They have a high conservation value because they serve as ‘stepping stones’ for migratory birds where resting and re-fuelling behaviour occurs (Bayly 2006, Jenny & Schaub 2000). They also represent sites where new avian communities are assembled at almost a daily rate, which may have important influences on general ecosystem functioning. Migrants may interact with each other and with local birds at stopover sites in a context of intraspecific and interspecific competition, including predation as well as parasite and disease transmission. As each species has its own specific migratory behaviour which is rather resistant to change across time, the renewed migratory community assembly at any point in time in a specific geographical location is highly predictable each year. To study ecological interactions, the prime variable is the abundance (in terms of number of individuals) of a certain species at a certain point in time. As ecological interactions take place on very short time scales, analyses of species abundance dynamics should be as fined-scaled as possible. The dataset available is however a function of sampling effort with more effort being required to obtain ever finer scales. In consequence, such datasets exist for very few ecosystems and many ecological studies must hence rely on rough proxies, especially for macro-ecological communities. This paper is an attempt to counter this relative lack of data by offering a high quality reference data set. Based on ringing data, I tracked the bird community at a stopover site in Central Europe for the last eleven years and provide a consensus abundance time-series for the most common migratory species of a wetland ecosystem. Our dataset is the result of an eleven year-long sampling effort and includes data of near to 100’000 individual birds, thereby providing the opportunity to gain detailed insight into ecological dynamics of the migratory bird community. Equivalently, these time-series are of great importance for any conservation effort carried out in this particular biotope. As species are present at different times in different numbers at a particular location, knowing which species will be affected by an intervention at a certain point in time is crucial. More generally, this is equally interesting for bird ringers and bird watchers, providing them clear guidance on which birds to expect during any season.
Methods

This paper considers ornithological data gathered by the bird ringing station in the 10 ha reserve Schlammwiss (Lat: 49.63°N, Long: 6.27 °E), which is part of the Special Protection Area “Vallée de la Syre de Moutfort à Roodt/Syre”. The main catching biotope consists of reed beds (where Phragmites australis is the dominant species), but also hedge biotopes in immediate vicinity to the reed beds. Bird ringing in this reserve has started before 2001 however it has only been carried out with a regular effort since that year. Birds are caught all over the year in Japanese mist nets, then identified, ringed, weighed and measured. Ringing sessions take place every three to four days, though ringing activity has in general increased from 2001 to 2012, mainly due to a higher number of volunteer helpers and increased financial support. All the species at the focus of this paper have been caught using tape-lures during the summer months and most of the species present in autumn, winter and early spring are attracted by the feeding opportunities offered by the reserve.

The data utilised in this analysis are organised to provide the number of individuals per species per day. The results from multiple days were binned into pentads (a sequence of five days). To simplify, I assumed that each month had six pentads, irrespective of whether a month had a total of 28, 29, 30 or 31 days. This practical solution was not expected to affect the interpretation of the graphs, even not in a year with 28 days in February as the end of this month lies outside the main migration period of most species considered. The aim of this paper is to describe the change in influx of new individuals to the site as time progresses, hence only the first catching event of each bird was recorded so that each individual is only present once in a particular year. This method was applied for each single year. To summarize the data for each species, I added up the results of a same pentad across all eleven years. The best way of representing migration dynamics is by plotting the total number of individuals per pentad against time. When considering all years combined, the number of ringing sessions per pentad is approximately equal, which made them comparable and smoothed out the migration curves. The most rigorous approach would have been to plot the average abundance per pentad across years which would have had the additional advantage of providing error bars. Unfortunately, ringing activity has been too unequal over the years in each particular pentad for this method to be applicable.
This analysis was done for the most common migratory species in the reserve: Reed Warbler Acrocephalus scirpaceus, Sedge Warbler A. schoenobaenus, Marsh Warbler A. palustris, Blackcap Sylvia atricapilla, Garden Warbler S. borin, Robin Erhitacus rubecula, Whitethroat S. communis, Chiffchaff Phylloscopus collybita, Reed Bunting Emberiza schoeniclus and Grasshopper Warbler Locustella naevia.. Bird species for which abundant data are available, but where the catch size depends too much on sampling effort (like the Barn Swallow Hirundo rustica subject to roost ringing) or sampling method (birds highly attracted by tape-lures like the Quail Coturnix coturnix, the Skyark Alauda arvensis or the Wryneck Jynx torquilla) were excluded from the analysis as the resulting time series are more likely to represent activity of the ringing station rather than actual migration.
Though the title suggests that the study included only migratory birds, local breeding birds were not excluded from the analysis, which however make up only a small percentage of all birds caught. This facilitated the comparison of the relative size of the migratory influx and the size of the local population and also permitted to define clear limits when a particular incoming migratory movement started or ended. Most local birds of the species considered are present between March and end of July, i.e. though spring migration may be affected to some extend by their return, autumn migration remains largely unaffected. This study utilized a total of 99’298 records of first capture data.
Results

Reed Warbler

The Reed Warbler was the most common migratory species caught in the reserve after the Barn Swallow. This species was caught on both spring and autumn migration, with spring migration figures being at least six times lower than those of autumn migration.  The influx of autumnal migrants started around the 20th of July. The single peak in autumn migration was approached exponentially and reached around the 15th of August after which an exponential decrease took place with numbers getting very low after the 15th of October (Fig.1). The distinct peak observed in May is partially due to one big catch in 2006 where extraordinary weather conditions caused an emergency landing of a migratory flock. In other years, the peak was far less prominent, but its timing in the third pentad of May was confirmed. This suggests a very concentrated and intense spring migration.
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Fig. 1: Migration phenology of the Reed Warbler, grand total from 2001 to 2012.
Marsh Warbler
The Marsh Warbler showed a rather different migratory phenology to its close relative, the Reed Warbler: the autumn migration started with a significant step-wise influx of birds around the 10th of July, a peak being reached at the end of July/beginning of August (Fig.2). The Marsh Warbler’s migration curve was much less ‘pointed’ than the Reed Warbler’s and numbers of migrants remained relatively high from July to August. The data for the spring migration showed an increase of migrants all the way up to the end of May.  Compared to the Reed Warbler, the graph was significantly shifted to the left with a less prominent peak being reached around 20 days earlier. It is remarkable that the end of spring and the start of autumn migration were located so close in time to each other with barely a month in between both.
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Fig. 2: Migration phenology of the Marsh Warbler, grand total from 2001 to 2012.
Sedge Warbler

The Sedge Warbler was caught in much lower numbers than either the Reed or the Marsh warbler. Despite occasional breeding attempts and presences of birds during the breeding season over the last few years, this species is not a typical local breeding bird. Hence, with some certainty, it can be said that first autumn migrants entered the reserve between the 5th and 15th of July (Fig.4). The number of migrants increased until reaching a peak around the 20th of August. The decrease afterwards was interrupted by a slight increase at the beginning of September which could well represent the migration of more northern populations. After the 5th of October, only very few individuals were caught. The spring migration showed a slight peak around the 25th to 30th of April, and thereby preceded the spring migration of both Marsh and Reed Warbler in the reserve.
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Fig. 3: Migration phenology of the Sedge Warbler, grand total from 2001 to 2012.
Blackcap
The Blackcap is another of the main migratory species in the reserve. The pattern observed after July can be portioned into two separate phases with i) a relatively constant  inflow of  birds from beginning  of July to the 20th of August, and ii) the actual autumn migration starting thereafter (Fig.5). This initial increase most likely represented post-juvenile dispersal, which is supported by the fact that most of the birds caught in that period were indeed juveniles. In the main autumn movement, the peak was reached around 20th to the 25th of September, but numbers remained high in the following three pentads. The Blackcap was still being caught regularly during the following month. The spring migration was well characterised, starting at the end of March with a peak being reached in the last pentad of April.
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Fig. 4: Migration phenology of the Blackcap, grand total from 2001 to 2012.
Garden Warbler
The numbers of Garden Warblers were almost ten-fold lower than those of the Blackcap.  The evidence for post-juvenile dispersal was much less clear than for the Blackcap though the tail to the left of the main autumn migration was longer and thicker than the tail to the right of the peak, characterising the early inflow of juvenile birds and thereby suggesting at least some degree of post-juvenile dispersal (Fig.6). The peak of the autumn migration was situated at around the 10th of September, two weeks before the peak of its closest relative, the Blackcap. The records for the spring migration display a peak reached between the 5th and 10th of May, later than for the Blackcap.
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Fig. 5: Migration phenology of the Garden Warbler, grand total from 2001 to 2012.
Whitethroat
The Whitethroat was the third of the Sylvia species for which the ringing station had enough data to make conclusions about its migratory phenology.  Similar to the Garden Warbler’s phenology, the tail to the left of the peak was more importat than the tail to the right which suggests post juvenile dispersal; the peak of the autumn migration was reached at the beginning of September and the main migration movement ended at the beginning of October (Fig.7). Spring migration peaked at the beginning of May, one pentad earlier than for the Garden Warbler.
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Fig. 6: Migration phenology of the Whitethroat, grand total from 2001 to 2012.
Robin

The autumn migration of the Robin marked the last substantial migratory movement of each year. Autumn migration started off slowly at around the 20th of August, exponentially increasing until reaching a peak at mid-October (Fig.8). There were less important  additional peaks at  the second last pentad of October and the beginning of November which briefly interrupted the continued decrease This could be due to migration of more northerly or north-easterly populations. There was a constant presence of non-local Robins during the winter months, which even exceeded the presence of locals during the breeding season and the summer. Spring migration reached a peak between the end of March and the beginning of April.
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Fig. 7: Migration phenology of the Robin, grand total from 2001 to 2012.
Chiffchaff
The migration phenology of the Chiffchaff was particular with a well-developed post juvenile dispersal event that started in July and held on until the end of August (Fig.9).  After a period of lower catch rates in the last two pentads of August and the first two pentads of September, the actual autumn migration started off, with a peak being reached around the 15th of October. Thereafter, migration decreased reaching very low levels after the 5th of November. Spring migration started around the 10th of March, peaked around the end of March and thereafter decreased quickly until the end of April.
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Fig. 8: Migration phenology of the Chiffchaff, grand total from 2001 to 2012.
Grasshopper Warbler
The Grasshopper Warbler is a species that breeds locally and that shows extensive migration through the reserve. The autumn migration started just after the 15th of July, reached a peak around the 20th of August after which it declined reaching moderate levels at the beginning of October (Fig. 10). In the declining phase a slight increase occurred in the 4th pentad of September which could mark the influx of northern individuals. Numbers were rather low during spring migration and a peak was reached around the 25th of April.
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Fig. 9: Migration phenology of the Grasshopper Warbler, grand total from 2001 to 2012.
Song Thrush

The records for the Song Thrush suggest that the autumn migration took place from mid-September to mid-November with a distinct peak being reached between 5th and 15th of October (Fig. 10). There seemed to be some degree of post-juvenile dispersal in July and August before the actual migration started. Spring migration took place between the 5th of March and the 25th of April.
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Fig. 10: Migration phenology of the Song Thrush, grand total from 2001 to 2012.
Reed Bunting
The Reed Bunting was particular in the way that spring migration seemed to be more extensive than autumn migration (Fig.12). In addition, the period between end of June and end of July was characterised by a significant influx of juveniles. The actual autumn migration started off later, after the beginning of September and reached a peak at the end of October after which a rapid decrease took place. Some rare individuals arrived later and may have stayed overwinter in the reserve.
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Fig. 11: Migration phenology of the reed bunting, grand total from 2001 to 2012.
Discussion
The graphs shown in this paper give a detailed insight into the migratory habits of the most common bird species that use the reserve Schlammwiss as a stopover site.  These results can be generalised to some extent to other wetlands in the same geographic region which are likely to receive much the same migratory influx as the Schlammwiss reserve does. In that fashion, this dataset provides an important basis for other ecological studies in this particular type of biotope.
However, studies of migratory dynamics based on ringing have their limits. Of primary importance is ringing activity, which in this research has increased substantially from 2001 (5,690 birds caught per year- recaptures included) to 2012 (30,784 birds per year). As a consequence, later years with more birds caught contribute most to the plots of the results section.  Adding up all years is however a good method to average out the details of ringing activity across years: considered over ten years, there has been extensive ringing activity during every single pentad of the year to deliver a sufficiently precise picture of the migratory phenology of the species of interest in this paper. None of the graphs shows major indentations (a gap in the general trajectory) and most data points follow each other smoothly. One may take both facts for good arguments in favour of correct results by this study. Nevertheless, most plots probably have somewhat over-exaggerated the relative abundance of birds during the period where ringing activity was most intense, namely during the summer months (July- September).  This will inflate the difference in relative abundance on the y-axis, for example the difference between the maxima in spring and autumn migration, but it is not thought to affect the actual timing of migration as established here. This is well illustrated in the plot of the Reed Bunting: spring migration of Reed Buntings is easily monitored by catching individuals on winter feeding sites, whereas in autumn migration, birds are more difficultly caught in mist nets installed in the reed bed without specific concentrating factor.
Another factor is variation in migration phenology during the study period: taking the grand total over eleven years assumes that the migration phenology has been constant over that time period, which is debatable regarding the varying recent influence of climate change on bird migration habits (Visser & Both 2005). However, most data points were contributed in the last five to six years whereas most studies that found significant changes in migration phenology due to climate change considered time periods of more than 20 years (e.g. Cotton 2003), hence any variation in our dataset across years is probably small. Unfortunately, sampling at our ringing station has not been extensive enough to make valuable inferences about changes in migration dynamics across time.
In spite of the limitations of the data set, some interesting conclusions can be drawn from the representations of migration phenologies concerning the biology of each species. First, for almost every species, there is a clear difference in the total quantity of birds caught between spring and autumn migration which has biological reasons: i) autumn migration includes juveniles born in the year of which generally more than 70 % die during their first migratory journey (Berthold 2008) and that will not return in the next spring migration, ii) migration is not without risk for adult birds, too, and part of them will die en route, partially also due to old age, iii) spring migration takes place in a smaller time frame and with higher migration speeds as birds hurry to get to their breeding grounds. The first two factors cause the maximum number of birds that can be caught during spring to be much lower, the third factor reduces the ‘catchability’ of birds during spring migration.
Second, based on the degree of symmetry, there are clear differences in the shape of phenologies between species. Concentrating on autumn migration, the catch distribution of Acrocephalus warblers as well as that of the Grasshopper Warbler tends to have a steep increase on the left of the peak, but a relatively extended tail on the right. This means that during the whole autumn migration period in which the species can be found in the reserve, most individuals pass through early. The opposite seems to be the case for Sylvia warblers, where the autumn part of the graph tends to tilt to the right with a relatively longer tail to the left. In contrast, the Robin’s, the Chiffchaff’s and the Song Thrush’s main autumn movement appears to be more symmetric. The Reed Bunting displays yet a third type of asymmetry with a longer tail to the left and a very sudden drop on the right.
It is not the aim of this paper to list all factors that determine each species’ particular phenology in Luxembourg. More generally, those differences in migration phenology shape may be generated by a combination of three factors:
1) General species or population-specific timing of the migration: birds that typically migrate early, can still sustain themselves in late summer/autumn whereas later migrators may face an increasingly hostile environment to the end of their migration period (Schaub & Jenni 2001).
2) Numbers and geographic origin of populations that pass through the reserve: the more geographically different populations migrate through the reserve and the longer the gap between the population-specific departure times, the longer the tail to the right (Hüppop & Hüppop 2004). The renewed increase in individuals after a long period of decline as we see it in the migration phenology of the Grasshopper Warbler, the Robin, the Whitethroat and the Sedge Warbler provides some evidence for the influx of new populations whose origins are probably located more northerly or northeasterly than those of the previous migrants.
3) Age or stage-structure in the population: generally juvenile birds have a different migratory behaviour than adults (Hüppop & Hüppop 2011). In dependence of the relative size of each subpopulation, this contributes to generate the pattern observed for each species
In addition, this study found some evidence for one other phenomenon, post-juvenile dispersal, in the Song Thrush, the Chiffchaff, the Reed Bunting, the Blackcap and to some extent in other Sylvia warblers. The records show that the large majority of individuals that make up the migration waves were juveniles. It could be argued that the increase observed was essentially due to the birth of local juveniles. There are however two reasons to dismiss this idea, a) wetlands are not the typical habitats of five of the six species, it seems therefore unlikely that such high numbers of juveniles should suddenly arise from local sources, and b) in all species there was a clear decrease in influx of new individuals after almost a month of higher numbers, demonstrating the lag between the appearance of the local juveniles and an inflow of the first migrants. Though post-juvenile dispersal could not be directly identified for the other species, this does not mean that it was not present in them. For instance in species like the Acrocephalus warblers and the Grasshopper Warbler, autumn migration generally started relatively early: as a consequence, post-juvenile dispersal and main autumn migration could not be disentangled because they fused into one massive movement. The presence of a ‘cryptic’ post-juvenile dispersal could have contributed to the asymmetry observed in the autumn migration and characterised by a steep increase in numbers and a slower decline in Acrocephalus and Grasshopper Warblers. The only species in which a significant post-juvenile dispersal seemed to be absent was the Robin.
Constructing time-series of migration can deliver interesting insights into the behaviour of a particular species at different points in time, assuming that you can rely on a sound and high quality data set. Long-term data sets as complete as the one used here may not be that common, but are certainly available at professional ringing station. Their exploitation however requires a substantial additional effort that is worth the workload. Therefore, we intend to extend the above analysis to other species ringed at Schlammwiss, including winter visitors. To analyse how migration phenologies change over time, combining or comparing the data of this ringing station with those of others in the region may be required. This study may then serve as a good reference for any future work on fine-scale bird-ecology related to bird migration through Luxembourg.
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