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General introduction:  
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A general introduction   

This thesis is inspired by nature and a fascination for the complex phenomenon of 

bird migration. Every year billions of birds migrate thousands of kilometres 

between Europe and sub-Saharan Africa (Moreau 1972). Our curious and exploring 

human nature attempts to understand the richness of the living world around us and 

unravel phenomena like migration. In the last decades, this has become much 

easier. Recent developments of novel techniques allow tracking individual 

movements year round and help to elucidate migrations of even the smallest birds. 

At the same time technological and economic prosperity and our increasing world 

population have also come at the cost of our planet. We take the use of the planet 

for granted. It seems our “natural right” to use “our” world. Now that we are even 

changing our own climate, we slowly start to realize which impact this may have. I 

hope that a better understanding of the diversity and complexity of our living 

world teaches us more about the true impact that humans have in affecting our 

world, and also helps us realizing that we share the planet with other organisms.  
In this thesis, I zoom in to the life of an insectivorous bird, the European pied 

flycatcher Ficedula hypoleuca. The fundamental aim at the heart of this thesis is to 

understand how flexible or constrained this long-distance migratory bird is in 

adjusting the timing of its annual cycle to rapid changing conditions.  

Migration as an adaptive response to seasonal changes 

Migratory birds’ life cycles are amazingly adapted to optimally exploit food 

sources on the breeding sites and avoid harsh winter conditions by migrating to 

environments that are more hospitable. Birds thereby match energetically 

demanding tasks such as breeding and moult to locations and times when resources 

are most abundant, while survival costs are kept low (Alerstam, Hedenström & 

Åkesson 2003). If they manage to properly time and organize the different aspects 

of their annual cycle, such as migration, moult and breeding, this allows migrants 

to get the best of two worlds.  

Timing decisions are thus crucial for a migratory life style. Migrating too early 

can entail considerable costs of mortality when birds encounter adverse weather or 

poor food supply upon arrival (Newton 2007), particularly for primarily 

insectivorous migrants (Brown & Brown 2000; Coppack & Both 2002). Arriving 

too late can reduce an individual’s chance to exploit seasonally abundant food 

sources, especially in habitats characterised by a short burst in insects. On top of 

this, competition among birds for territories and mates (Kokko 1999; Newton 

2008) intensifies the selection for timely spring migration (Alerstam 2011; 

Nilsson, Klaassen & Alerstam 2013). The preparatory steps that are needed to 

initiate their spring migration take place earlier in the year (Berthold 1996; 

Gwinner 1996a), far before birds even depart towards their breeding sites. Under 
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these selective forces, migrants have evolved complex response mechanisms (Hut 

& Beersma 2011) that allow them to time their seasonal events (called 

‘phenology’). The environmental variation and predictability under which these 

timing mechanisms evolved, also influence the potential for different kinds of 

evolutionary responses (Botero et al. 2015), e.g. to anticipate changes in the 

(predictability of ) the environment.  

Rapid human-induced environmental change  

Human-induced changes in the environment increasingly change the selective 

environment that organisms encounter. For example, Afro-Palearctic migrants 

currently face rapid, ongoing habitat changes at their wintering grounds (Brink & 

Eva 2009; Vickery, Ewing & Smith 2014). Meanwhile, climate warming in Europe 

confronts several migratory birds with strong directional advancements in the 

timing of peak food abundance in their breeding period, particularly impacting 

species that occupy seasonal habitats (Both et al. 2009, 2010). On top of this, long-

distance migrants have possibly less possibilities than short-distance migrants to 

predict such changes, because conditions at their breeding sites are not correlated 

to those at their wintering sites. Long-distance migrants might therefore be in 

multiple jeopardy. Climatic change already caused dramatic shifts in the 

phenology of many plant and animal species during the last decades  (Parmesan & 

Yohe 2003; Root et al. 2003; Both et al. 2009). The current rate of climate change 

and associated changes in the predictability of the environment might be  too 

rigorous to be tracked by successful adaptation, resulting in low reproduction and  

ultimately population decline (Botero et al. 2015). Predicting the ability of long-

distance migrants to respond to expected levels of climate change requires a much 

better understanding of the underlying mechanisms that govern their annual cycle 

in time and space, but also of the selective environments they encounter. The 

drastic rates of human-induced changes of our planet provide us with the 

opportunity to study evolution in action, because circumstances change rapidly and 

at different rates for different populations. We can thereby study whether and how 

animals adapt to environmental change, which is a chance that we should take 

from a scientific and ethical perspective. 

Thesis focus  

This thesis builds upon our enormous knowledge about responses to 30 years of 

climate change in pied flycatchers (see ‘The pied flycatcher study system’), which 

has become a model species in the study of long-distance migrants’ ability to adapt 

life-cycles to climate change (Both & Visser 2001; Both et al. 2004, 2006a; 

Møller, Fiedler & Berthold 2010). In recent decades, biologists have made great 



Chapter 1 

12 

progress in describing how climate warming perturbs existing phenological 

adaptations, often making use of extremely valuable long-term field studies at 

various breeding populations of ‘model’ species (such as pied flycatchers), by 

correlating trends in arrival and laying to changes in spring temperatures. Despite 

their great value, these studies on birds at their breeding grounds so far provided a 

limited view on life-cycle adaptations of small migrants, mainly because the 

behaviours and conditions during their non-breeding period are difficult to grasp. 

Considering that many Afro-Palearctic migrants spend most of their time in Africa 

rather than in Europe, there is a big blind spot on how events and conditions prior 

to arrival at the breeding sites shape their annual routines.  

The main aims of my thesis are to (1) provide a more inclusive - year-round - 

description of migratory schedules of pied flycatchers and the connections between 

wintering and breeding populations, (2) investigate the role of environmental 

effects on timing of spring migration, and thereby on flexibility and evolutionary 

potential of migratory schedules, and (3) explore whether (ecological) constraints 

in the annual cycle are expected that may hamper this species’ ability to change 

spring arrival and egg laying schedules. 

Approach 

To address these aims, we applied various techniques to study pied flycatchers in 

different parts of their annual cycle, such as field work on wintering flycatchers in 

Ghana (West Africa), and geolocation-loggers to track birds during migration 

(figure 1). By performing part of this study in a large population in Drenthe with 

1100 nest boxes (NL: 52°49’ N, 6°22’ E), that has been established from 2007 and 

contains approximately 300 breeding pairs, we were also able to carry-out large-

scale field experiments. Even more important, by combining breeding and non-

breeding data from the same population, we provide an important context to 

interpret how findings outside the breeding season add in shaping arrival schedules 

at breeding grounds as observed across several years.  

A plethora of effects during the entire annual cycle can potentially shape timing 

of migration. This may hamper our ability to detect effects of environmental 

factors earlier in the year that influence migration schedules of wild birds. Where 

possible, we therefore chose to use data or perform field experiments across 

multiple years for the same question and population, or combine different sources 

of data. We chose to address all our aims by studying pied flycatchers in the wild, 

because this is the context in which selection takes place. This may also help to 

judge the relevance of specific effects and mechanisms for the speed by which 

migrants can adjust their migration schedules to rapid change, within their 

naturally complex environment. 
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The pied flycatcher study system  

Long-term breeding studies 

Due to the work by Both, Visser and colleagues (e.g. Both & Visser 2001; Both et 

al. 2004; Both et al. 2006a), the European pied flycatcher Ficedula hypoleuca has 

become a ‘model’ species in the study of long-distance migrants’ ability to adapt 

life-cycles to climate change (Møller et al. 2010). Pied flycatchers are 

insectivorous passerines that breed in temperate forests across Europe (and into 

western Asia) and migrate to spend most of the year wintering in Sub-Saharan 

West Africa. Pied flycatchers are single-brooded with bi-parental brood care and 

females lay between 4 and 8 eggs; and have been extensively studied in nest box 

breeding populations (Lundberg & Alatalo 1992). Increased spring temperatures 

have led to increased selection for early breeding and advancements of breeding 

dates (Both & Visser 2001). Long-term data from 25 European populations showed 

that flycatchers showed the strongest advancements in egg laying dates in areas 

with most spring warming (Both et al. 2004). In many migrants, the timing of 

arrival at the breeding grounds will strongly affect the start of the breeding season. 

The arrival dates at the breeding grounds advanced in some, but not in other 

populations (Both & Visser 2001; Ahola et al. 2004; Lehikoinen, Sparks & 

Zalakevicius 2004; Both & te Marvelde 2007). These observed responses have 

often been explained as phenotypic plasticity, with birds incorporating local 

environmental conditions into migration and breeding decisions when approaching 

or at their breeding sites (Ahola et al. 2004; Both et al. 2004; Both, Bijlsma & 

Visser 2005; Lehikoinen et al. 2004; Hüppop & Winkel 2006; Both & te Marvelde 

2007). 

The observed plasticity of advancements in egg laying dates in western Europe 

was believed to be insufficient to keep up with the advancing food peak (Both & 

Visser 2001). Breeding ground studies posed various claims about the underlying 

mechanisms and ability of migrants to alter their time schedules to climate  change 

(Knudsen et al. 2011). Asynchrony between timing of breeding and the peak 

abundance of caterpillar food was held responsible for increased selection for early 

breeding (Both & Visser 2001), thereby causing population declines (so called 

‘mismatch-hypothesis’). The strongest declines were observed in populations with 

the strongest mismatch (Both & Visser 2005; Both et al. 2006a).  

The lack of change in spring arrival dates as observed in some pied flycatcher 

populations (Both & Visser 2001; Both et al. 2005; Hüppop & Winkel 2006) was 

interpreted as inflexibility of the mechanism controlling migration (Both & Visser 

2001). Most avian long-distance migrants evolved a genetic endogenous rhythm of 

approximately a year (‘circannual cycle’) that is synchronized by photoperiodic 

cues to time their migrations, as at their wintering grounds they lack direct 

information on the progress of spring at their breeding sites (e.g. Gwinner 1989, 
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1996a; Berthold 1996). It was argued that the evolutionary (genetic) changes 

needed to track environmental change were likely too slow to keep up with rapid 

climatic change. However, migrants have survived turbulent natural environmental 

shifts in their evolutionary history, suggesting that the mechanism birds’ use to 

adapt the timing of breeding and migration to changed conditions must have been 

extremely flexible (Coppack & Both 2002; Piersma 2011). Moreover, little is 

known about how plastically timing mechanisms may respond to environmental 

conditions on the wintering grounds and during migration. Recently, pied 

flycatchers from western and central Europe have been found progressively earlier 

during spring migration in North Africa: a pattern contradicting the previous ideas 

of unchanged departure dates (Both 2010). This result apparently undermines the 

basic premise that the insufficient response to climate change is caused by a rigid 

control mechanism of migration from the wintering grounds.  

It remains an open question as to what degree the observed variation and 

changes in spring migration schedules are driven by individual adjustments in 

migration duration, departure decisions, or genetic adaptation in time schedules. 

And why have arrival dates at the breeding grounds not advanced if birds did 

migrate earlier through North Africa? 

Time schedules: possibilities & constraints for adaptation 

If migratory timing is indeed rigid, the observed patterns may be explained by an 

evolutionary change in migratory timing (Jonzen et al. 2006). But alternative 

mechanisms can also cause an advancement in time schedules: such as by a 

phenotypic response (Piersma & van Gils 2011; Charmantier & Gienapp 2014; 

Tarka, Hansson & Hasselquist 2015) through improved conditions at the wintering 

grounds or en route, or via ontogenetic processes (Gill et al. 2014).  

Both (2010) found that variation in spring recovery dates in North Africa of 

pied flycatchers born throughout Europe was partly explained by variation in birth 

date, in interaction with birth latitude. The trend towards earlier migration 

disappeared if birth dates were accounted for. Both (2010) hypothesized that this 

mechanism could be through photoperiod, and some work has shown that early 

photoperiods indeed have prolonged effects on the annual program in migratory 

birds (Coppack, Pulido & Berthold 2001). At lower latitudes, incl. the Netherlands, 

where most birds are born before the summer solstice, Both (2010) showed that 

chicks born late in the season, that experience days that lengthen, migrated later 

than earlier born chicks. An ontogenetic effect of raising conditions on timing of 

spring migration in adult birds (Both 2010; Gill et al. 2014) may help to rapidly 

adjust offspring to local circumstances by their parental behavioural decisions. 

Such non-genetic inheritance is believed to be a fast and flexible mechanism to 

adjust to environments that rapidly change, as the lag-time associated with 

evolutionary (genetic) adaptation is eliminated (Bonduriansky & Day 2009).  
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Positive correlations between birth dates and subsequent spring arrival timing of 

female recruits, as found by Visser et al. (2015) may also arise from heritable in 

migration schedules. In contrast to earlier work (Both & Visser 2001; Both 2010), 

a recent study found heritability in timing traits, like laying date (0.33 (95% CI: 

0.25–0.39)) (Visser et al. 2015), suggesting that advanced spring migration 

schedules (Both 2010) could also involve micro-evolutionary changes in pied 

flycatchers. 

Limited adjustment to an earlier phenology of their breeding grounds may not 

be because the onset of migration is inflexible, but because temperature constraints 

during migration delay the arrival of birds at their breeding grounds. For early 

breeding populations (e.g. in The Netherlands), spring temperatures on migration 

through Europe have not increased and thereby may have hampered an earlier 

arrival (Both 2010). For late populations temperatures en route did allow earlier 

arrival, as temperatures became more favourable (Ahola et al. 2004). The extent by 

which birds can advance their timing via such a phenotypic response may however 

be limited by the amount of trait plasticity in departure date and migration speed, 

and are thus strongly determined by how environmental conditions in winter and 

en route change over time (Winkler et al. 2014). In addition, temporal trends in 

arrival date in a population may also arise from other processes. Low temperatures 

in spring may lead to selective disappearance of early arriving individuals if they 

have a reduced chance to survive (Visser et al. 2015). To distinguish between such 

processes, it is important to know more about individual responses, particularly on 

pied flycatchers’ time schedules and decisions in the wild outside the breeding 

season. 

Away from Africa 

Our knowledge on the ecology, time schedules and distribution outside the 

breeding season is very limited, despite pied flycatchers being one of the ten most 

abundant passerines in the Afro-Palearctic flyway (Hahn, Bauer & Liechti 2009). 

Pied flycatchers spend more than 6 months a year in sub-Saharan West Africa 

(figure 2). Most birds are presumably faithful to their wintering sites in Africa, 

where they fuel for spring migration (Salewski, Bairlein & Leisler 2000, 2002a). 

They arrive from early autumn in lush and green conditions at their wintering sites, 

but these sites become progressively dryer towards the end of the dry season 

(Moreau 1972). Extensive work on American redstarts Setophaga ruticilla in the 

New World has shown that good rainfall conditions and the occupancy of high 

quality habitats in winter (with stable food conditions) advanced timing of spring 

departure, as mediated by food availability, that carried over to  enhance fitness 

later in the annual cycle (Marra, Hobson & Holmes 1998; Norris et al. 2004; 

Studds & Marra 2005, 2007). Similar patterns may be expected in pied flycatchers, 

as they winter over a gradient of habitats and a wide span of longitudes in a highly 

seasonal environment (Morel & Morel 1992; Salewski et al. 2002b; Dowsett 
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2010). Correlative studies confirmed the importance of wintering conditions for 

later annual cycle events: after wet seasons spring migration and breeding is earlier 

in several pied flycatcher populations (Both et al. 2006b; Both 2010).  

Without knowing how pied flycatchers with different time schedules and 

breeding origins distribute once at their West African non-breeding grounds, it will 

be very hard to pinpoint how wintering conditions affect the rest of their annual 

cycle or their capacity to respond to environmental changes. A prerequisite for 

describing carry-over effects is a tremendous improvement of knowledge of 

migratory routes and wintering distributions with their associated ecological 

conditions. 

 

Figure 1.  Pied flycatcher male with geolocator.

 

 

Thesis outline 

Understanding what drives or prevents long-distance migrants to respond to 

environmental change also requires a lot of basic knowledge about the ecology and 

behaviour at their wintering and breeding grounds, and the timing of movements 

between them. To experience under which ecological conditions pied flycatchers 

prepare their spring migrations, we start our journey in Africa. Chapter 2 

describes the seasonal dynamics of arthropods in relation to rainfall changes at the 

end of the dry season, prior to northward departure of pied flycatchers. We studied 

two sites in Ghana that differ in latitude, habitat and rainfall conditions. Chemical 
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analysis of the compositions of stable isotope ratios (Hobson & Wassenaar 2008) 

in winter-moulted feathers of site-faithful pied flycatchers in Ghana, revealed that 

latitudinal differences in habitat, but also fine-scale variation in habitat, are 

reflected into the diet and feathers of these birds. Furthermore, age differences in 

the repeatability of the wintering isotopic signal in Dutch birds suggested that 

young birds differ in their habitat use from experienced birds. By combining these 

data with detailed investigations of how pied flycatchers use these wintering sites, 

their timing of moult and fuelling, we formulate ideas about the relevance of 

wintering site-selection and wintering conditions in their life cycle.  

After our natural history adventure in Ghana, we zoom out in  chapter 3, to 

describe the migratory connections between four European breeding populations 

and their wintering locations. Light-level geolocator data and ring recoveries 

revealed that flycatchers from different breeding populations travelled to winter at 

different longitudes, despite similarity in routes during most of the autumn 

migration. Birds from southern populations which migrate earlier in autumn, 

wintered further east than birds from ‘late’ populations that breed at northern 

latitudes. This unexpected pattern implies that not only latitude and local habitat 

(chapter 2), but also the longitude where pied flycatchers winter for more than 6 

months - together with their own timing - might be important in shaping specific 

migratory life-styles. We discuss whether population differences in wintering 

distribution may arise from differences in spring fuelling conditions in winter.  

Geolocation tracking is a great tool to describe movements of individual 

migrants throughout the year, and this was commonly used for the work described 

in this thesis (chapter 3-4, 6; figure 1). Unfortunately, geolocator attachment may 

sometimes impair performance, and hamper reliable inferences about the natural 

migration behaviour. We attempt to openly discuss potential impacts of tracking 

devices on the behaviour of interest. Several chapters of this thesis therefore also 

include impact assessments, where we compared proxies for certain behaviours of 

birds deployed with and without geolocators. We used repeated measures of stable 

isotope ratios in winter-moulted feathers as a proxy for wintering locations and site 

use (chapter 3). But also timing of spring arrival scored in the field as proxy to 

study the impact on time schedules in different groups of birds, which was 

combined with data on annual return rates of individuals without and with 

geolocators attached by two harness types (chapter 6).  

The geolocator-devices also provide interesting insights on the physiological 

abilities and strategies of small Afro-Palearctic migrants’ to cross the Sahara 

desert. In chapter 4 we make use of changes in shading and temperature to show 

that nocturnally migrating pied flycatchers, prolonged their flights twice a year by 

flying during day time. In spring, the birds almost immediately started their 

migrations with a prolonged flight to cross the Sahara desert, which they initiated 

from longitudes similar to those where they spent the winter. The common strategy 

of our Dutch pied flycatchers to cross the Sahara was not by intermittent flight and 
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daytime resting, but rather non-stop flights under cooler conditions, which we 

estimated took mostly 40–60 h. In autumn, we found different flight directions and 

temperature profiles, but similar light-patterns, suggesting that birds have alternate 

non-stop migration strategies to cross barriers. Our findings show migrants’  

physiological ability for broad barrier crossing. At the same time, non-stop 

strategies point at locations where bottlenecks may arise in the annual cycle, 

because conditions at major fuelling sites may impact on their ability to 

successfully prepare and cross such barriers in spring, if conditions would 

deteriorate.  

 

 

Figure 2.  Presumed spatial distribution of European pied flycatchers breeding and Sub-saharan 

wintering range (after Dowsett 2010) in dark grey (nb. atlas flycatcher F. speculigera not shown).

 

 

In chapter 5, we explore variability in time schedules in spring, based on  eight 

years of arrival dates of pied flycatchers to their Dutch breeding sites in Drenthe. 

Because more than 500 individuals were repeatedly monitored, we could show that 

arrival repeatabilities as well as the average arrival dates varied across years. Pied 

flycatchers in consecutive years showed sometimes moderate (R = 0.2) and 

sometimes rather high (>0.40) amounts of consistent individual differences in 

arrival date. We hypothesise that year-to-year variation in wintering conditions or 

during migration underlies such temporal differences in repeatability, e.g. because 

these conditions can affect safe and timely arrival at the breeding sites in spring. In 
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females but not in males, we found that year-to-year variation in repeatabilities of 

timing was explained by within-individual changes (i.e. ‘individual consistency’). 

It remains to be explored to which extent the variability in arrival timing is mainly 

a flexible adjustment to external conditions in both sexes, or that poor 

environmental conditions in winter or en route largely affect the composition of 

birds with different internal timing in the population.  

In search of a more complete view on their annual cycle timing, we focused on 

variation within a year, and track Dutch flycatchers with geolocators throughout 

the year in chapter 6. All returning pied flycatchers migrated very fast in spring: 

in two weeks they covered about 5000 km from wintering to breeding grounds. 

The variation in spring arrival dates as observed in our geolocator birds was in 

2014 caused by variation in departure date from Sub-Saharan Africa, and not by 

environmental conditions encountered en route. Despite this tight schedule, spring 

arrival in 2014 was not extremely early compared to other years (chapter 5). Males 

migrated ahead of females in spring, also supporting sex differences in arrival 

dates as reported in chapter 5. Migration schedules in autumn were flexibly 

adjusted according to breeding duties, with unpaired males leaving prior to 

breeding males and females. Individuals were therefore not consistently early or 

late throughout a year. We could also not detect a link between wintering longitude 

and migration phenology in autumn or spring, like we described earlier (chapter 3) 

among populations.  

In our fast migrating Dutch pied flycatchers there seems little potential to 

advance spring arrival by increasing migration speed. Instead, advancements of 

time schedules likely requires changes in spring departure dates  from the wintering 

grounds. It has been proposed that earlier laying by parents may allow for such 

advances in offspring migration schedules, via an ontogenetic effect of birth date 

on timing later in life. To test for a causal birth date effect on timing later in life, 

we manipulated egg hatching dates in three years, and monitored the arrival and 

laying during adulthood (in total across five years). Our experimental hatching 

delays of a week (chapter 7) resulted in later spring arrival and female egg laying 

in 2nd year old birds. Variation in offspring phenology was only partly caused by 

hatch date per se, because the experimental effect in timing later in life occurred 

mainly in one of the five years. Since non-experimental data also yielded positive 

correlations between spring arrival dates and birth dates in multiple years, several 

mechanisms likely have contributed to the observed variability of spring migration 

schedules.  

In chapter 8, I use the acquired knowledge from the previous chapters to 

discuss the implications for understanding the possibilities and constraints in life -

cycle adaptation to environmental change, using our Dutch pied flycatchers as an 

example. I also highlight some important knowledge gaps and suggest avenues for 

future research. 
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Abstract 

Every year billions of birds migrate thousands of kilometres between Europe and 

sub-Saharan Africa (Moreau 1972). The fact that migrants spend time in two or 

more distant areas each year seems to have evolved to exploit the seasonal 

environments that our Earth has to offer. Migratory connections and phenological 

adaptations have probably important consequences for individual fitness and 

population dynamics, but are rarely well understood. The pied flycatcher Ficedula 

hypoleuca has been extensively studied and provided valuable insights on how 

ongoing climate warming perturb their existing phenological adaptations at the 

temperate breeding populations. How these birds exploit and rely on environments 

during the non-breeding season, and whether these conditions pose additional 

constraints to life-cycle adaptation, remains largely to be explored. In two sites in 

Ghana, we studied changes in arthropod abundance (February - April) in relation 

to rainfall at the end of the dry season, as well as the phenology of pre-breeding 

moult and spring fuelling in pied flycatchers. The first heavy rains in late February 

triggered vegetation regrowth in the study site of Kintampo (7°58’N, 1°44’W), and 

increased arthropod abundance. In the Guinea savanna woodland of Damongo 

(9°05’N, 1°46’W) changes in arthropod abundance were later and less apparent, 

possibly because of a later and lower amount of rainfall compared to Kintampo. 

Although the vegetation appeared at its driest and most barren state during 

February, ants were also abundant in this period, as well as throughout the season 

(all methods). This suggests that food was plenty throughout the whole pre-

migration period in each site. We hypothesize that high rainfall in 2010 result ed in 

relatively humid dry-season conditions in 2010-2011, and therefore less 

pronounced spatial and temporal differences in arthropod abundance than 

expected. Tertial moult covered ca. 50 days, whereas moult of body feathers 

started later and spanned a longer period. Fat accumulation and weight gain varied, 

with some birds storing low fat loads during body moult, but most birds started 

fuelling only from late March to late April (and likely later). We discuss our 

findings in the context of behavioural observations on site-fidelity and habitat use, 

which we do in part via δ13C and δ15N signatures in winter-moulted feathers. We 

describe what these isotopic signals tell us about the wintering conditions of pied 

flycatchers (in Ghana), in order to explore whether δ13C and δ15N in feathers can 

provide a link between wintering conditions and individuals at their breeding 

grounds, on a much wider scale.  
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Introduction 

Every year many birds migrate thousands of kilometres between Europe and sub-

Saharan Africa (Moreau 1972; Hahn, Bauer & Liechti 2009).These migrations 

among distant sites seem to have evolved as a strategy to exploit seasonal 

environments and maximize fitness (Alerstam, Hedenström & Åkesson 2003). One 

essential element in this migratory life-style is to time movements rightly to the 

seasonal changes of the habitats used throughout the year. The pied flycatcher 

Ficedula hypoleuca, a long-distance migrating songbird, has been much studied 

with respect to the ways that ongoing climate warming perturb their existing 

phenological adaptations at the temperate breeding grounds (Both & Visser 2001; 

Møller, Fiedler & Berthold 2010). How these birds exploit the environmental 

conditions during the non-breeding season, and whether these conditions pose 

additional constraints to life-cycle adaptation, remains largely to be explored. 

Pied flycatchers breed in temperate forests across Europe and winter in Sub-

Saharan West Africa. Upon arrival pied flycatchers encounter lush and green 

conditions at their wintering sites, these sites become progressively  drier during 

the dry season (Moreau 1972). Pied flycatchers undergo a pre-breeding moult by 

the end of the winter, during which they moult their tertials and body feathers 

(Jenni & Winkler 1994; Salewski et al. 2004). At least part of the pied flycatchers 

are faithful to their wintering sites in sub-Saharan Africa, where they also fuel for 

spring migration (Salewski, Bairlein & Leisler 2000, 2002a; Ouwehand & Both 

2016). Studies on American redstarts Setophaga ruticilla in the New World 

showed that rainfall conditions and the occupancy of high quality habitats in 

winter (that dry out least) correlate with the individual timing of spring departure, 

which carried over in enhanced fitness later in the annual cycle (Marra, Hobson & 

Holmes 1998; Norris et al. 2004; Studds & Marra 2005, 2007). Similar patterns 

may be expected in pied flycatchers, as they winter over a gradient of habitats 

(dryer North, moister South) and a wide span of longitudes in a highly seasonal 

environment (Morel & Morel 1992; Salewski et al. 2002b; Dowsett 2010).  

It has previously been suggested that a rigid mechanism controlling migration 

timing do not allow for adjustments in departure decisions in long-distance 

migrants such as flycatchers (Both & Visser 2001), and bar-tailed godwits Limosa 

lapponica baueri (Conklin, Battley & Potter 2013). However, correlative studies 

confirmed the importance of conditions in Africa for later annual cycle events: 

spring migration and breeding is earlier in several pied flycatcher populations after 

periods (indicative) of high rainfall (Both et al. 2006b; Both 2010). Furthermore, a 

progressively earlier migration in spring through North Africa of pied flycatchers 

breeding in western and central Europe, also contradicts the notion of entirely rigid 

spring departure schedules (Both 2010). Wintering conditions might thus be 

expected to shape annual cycles of these migrants more than previously suggested. 
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Particularly, birds wintering in poor quality sites may run a higher risk when 

rainfall is poor than those wintering in better quality sites, negatively affecting the 

preparations for timely migration (Studds & Marra 2007, 2011; Cooper, Sherry & 

Marra 2015). Depending on the availability of and competition for high quality 

wintering sites, and the frequency at which poor conditions occur, wintering 

conditions may act as a constraint and slows down adaptation towards earlier 

migration schedules even if selection for earlier arrival at the breeding grounds is 

present. 

How flexibly pied flycatchers adjust their spring migration in response to 

external conditions is unknown, as is true for almost all long-distance Afro-

Palearctic birds. First, little is known about the exact wintering locations and 

habitats of individual pied flycatchers. Secondly, to understand which wintering 

conditions these individuals experience, we need to unravel how the amount and 

onset of rainfall affects the food conditions in various habitats across the season. 

In addition, it will be as important to consider that individuals and breeding 

populations differ greatly in the timing of their (preparations for) migrations.  

For example, if fuelling indeed takes place at the most dry period of the 

wintering season (Moreau 1972), pied flycatchers may profit from selecting sites 

that contain enough food also during the dry season, possibly those sites that dry 

out the least. However, the end of the dry season may also show marked seasonal 

changes. In the savanna, the onset of rains strongly increases arthropod abundance 

(Gillon & Gillon 1967; Sinclair 1978; Gillon 1983). Depending on the migration 

phenology of the birds, the onset of rain leads to a burst in food on which 

insectivorous migrants can feed and fuel for migration (Smith 1966; Owen 1969; 

Dingle & Khamala 1972; Sinclair 1978; Morel & Morel 1992; Korb & Salewski 

2000; Studds & Marra 2007; Zwarts et al. 2009). Whether birds can profit from 

such a flush in food, and whether the habitat will dry out strongly during winter, 

likely also depends on the habitat, and the amount and onset of rain (in both the 

year of migration and preceding years). These food conditions can be variable 

across years, since rainfall – as driven by movements of the intertropical 

convergence zone (ITCZ) – is not stable over the years (Smith 1966; Studds & 

Marra 2007; Zwarts et al. 2009).  

Thirdly, we need to determine how these ecological conditions shape their 

migration decisions. For example, does food availability affect onset and speed of 

pre-migratory preparations? If so, this can affect the timing of spring departure and 

arrival at the breeding sites. Or alternatively, do birds depart in time with (too) low 

fuel stores and flight muscle, and have therefore a reduced survival chance or 

require more stopovers that prolong the duration of spring migration?  

Our aim was to explore how pied flycatchers are affected by temporal dynamics 

in rain and food availability during their pre-migration period in late winter, across 

different Sub-Saharan wintering sites and habitats. For this we performed a 

detailed ecological and behavioural field study in two sites in Ghana: at the same 
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longitude in the central part of the wintering grounds, but at different latitudes that 

are situated at a rainfall-habitat gradient (dry North, moister South). In the two 

study sites, we collected data on spatial and temporal variation in arthropod 

abundance, which we compare to meteorological data. Unfortunately, it was 

difficult to determine reliable departure dates for a good sample of individuals. 

Together with data on moult and fuelling, we mainly describe the spatia l and 

temporal differences in late winter conditions (rainfall, habitat, seasonality, 

arthropod abundance) and discuss their likely relevance for pied flycatchers, using 

behavioural observations, literature and isotope inferences.  

Adult pied flycatchers are considered generalist insectivores that consume a 

wide range of prey taxa during the breeding, migration and stationary non-breeding 

period, making use of a range of foraging substrates and techniques (Lundberg & 

Alatalo 1992; Salewski, Bairlein & Leisler 2003; Zwarts & Bijlsma 2015) . Faecal 

analysis of birds at a major autumn stopover site in Iberia showed that 

Hymenoptera (wasps occurred in 93%; ants in 59%) and Coleopera (in 76%) were 

most commonly eaten (Bibby & Green 1980), while water traps on the ground 

indicated that Diptera (65%) and wasps (29%) were most abundant in the 

environment (Bibby & Green 1980). On spring migration, Marchetti, Baldaccini & 

Locatelli (1996) found that pied flycatchers in the Mediterranean mostly ate ants 

(ca. 40-50% in the diet), followed by Hemiptera (mainly aphids; ca. 20%), 

Coleoptera (ca. 20%) and other Hymenoptera (ca. 10%). Stomach flushes of 51 

pied flycatchers wintering in Ivory Coast (Salewski 1999; time of year not 

mentioned) showed that many birds ate Formicidae, Coleoptera (respect. in 88% 

and 80% of samples), Araneae (57%), other Hymenoptera (non-ants 53%) and 

Hemiptera (31%). Myriapoda (25%) were also regularly found, while Diptera 

(14%) and Cicadina (4%) occurred in fewer birds. Besides Hymenoptera and 

Coleoptera appearing to be staple food sources, other insects can be available – 

locally and for short periods – in tremendous abundance, like swarms of alate 

termites in response to rain (Smith 1966; Korb & Salewski 2000). A proper 

description of diet during the pre-migratory period in spring is not available. Birds 

may select their prey based on availability, but also on accessibility, profitability, 

nutrients, handling time and digestibility. Measuring spatial and temporal 

dynamics in arthropod availability is thus a rough proxy of dynamics of prey 

availability from the perspective of a pied flycatcher.  

Since very few detailed observations have been reported on the behaviour of 

pied flycatchers at their wintering grounds (but see work by Salewski (e.g. 

Salewski 1999)), we extensively reflect on our observations as they provide 

relevant context to wintering site use. These observations may indirectly support or 

question assumptions about wintering site use. We combine this with stable isotope 

signatures of carbon and nitrogen (δ13C and δ15N) in winter-moulted tertial 

feathers, for which we obtained ground truthing data during our field study in 

Africa. The δ13C and δ15N in tertials contain information about their environments 
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during moult, but are not per se a direct measure of the spatial wintering location 

(Hobson & Wassenaar 2008). We therefore describe causes of variation in isotopic 

signatures of pied flycatchers in Ghana, but also explore whether δ 13C and δ15N in 

feathers can provide a useful tool to link between wintering conditions and 

individuals at their breeding grounds, on a much wider scale.  

Our study it thus mostly a description of patterns that generates hypotheses that 

indicates avenues for further research, rather than a quantitative study. Yet we do 

have some general expectations about the (role of) spatiotemporal dynamics of 

arthropods in our study sites. We predicted that the lower latitude site, because of 

presumed overall higher rainfall and more continuous moist conditions would have 

higher arthropod abundance at the end of the dry season than the higher latitude  

site. Within sites, we predicted that woodland habitats would show higher and 

more stable arthropod abundance over the season than degraded open savannas that 

dry out faster. Furthermore we expected that the onset of rains in spring would 

increase arthropod abundance, in freshly grown vegetation. We expect that site-

faithful individual pied flycatchers will use those sites that are most stable and 

have generally high abundance of arthropods in late winter, while we expect non-

site-faithful birds to more opportunistically track peaks in arthropod availability.  

Methods 

Study area 

In 2011, we performed field work in two sites in Ghana located at a latitudinal 

climate and habitat gradient characteristic for the West African landscape; with 

dryer tree savannahs in the North and humid woodland and forests further South. 

The two sites were selected because of their good numbers of pied flycatcher being 

present in February 2009 (Bijlsma & Both unpubl.) and February 2011. Kintampo 

receives more rainfall (long-term average 1351 mm / year) and has an earlier onset 

of spring rains (figure 1) than the northern site Damongo (1082 mm / year; long -

term average over 2001-20111). 

The northern study site is located in the Guinea Savanna Ecological zone in a 

forest reserve near Damongo, hereafter ‘Damongo’ (9°05’N, 1°46’W), and consists 

of (humid) open woodland savanna. In the forest reserve in Damongo, we 

concentrated our efforts to three subareas situated around temporarily, dry gullies 

(ca. 36 ha). The second site is located just south of the village Kintampo, hereafter 

‘Kintampo’ (7°58’N, 1°44’W, ca. 54 ha), 125 km south of Damongo. Kintampo is 

situated at the edge of the Guinea Savanna zone and the transition zone towards 

tropical rainforest in the south of Ghana. Vegetation in Kintampo consists of a 

fine-scale mosaic of moist, semi-deciduous forest patches interspersed by degraded 

wooded savanna with grasses, forbs and shrubs, small agricultural (fallow) lands 

and cashew plantations and rocky outcrops. Particularly the invasive perennial 

herb Chromolaena odorata was commonly found in Kintampo (in > 40% of our 
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sampling points). This aggressive colonizer from South America forms dense 

thickets that suppress forest regeneration, and is reported as a major problem 

species in forests of Africa (Struhsaker, Struhsaker & Siex 2005). The most 

abundant species occurring in the tree layer of each site were Daniellia oliveri, 

Lophira lanceolate (both 30%), African birch Anogeissus leiocarpus and teak 

Tectona grandis (both 10%) in Damongo and A. leiocarpus (26%), D. oliveri 

(16%), Detarium microcarpum (11%) and mango Mangifera indica (11%) in 

Kintampo (inferred from the times that a tree species was found to be the dominant 

species in each sampling location). Trees were identified using Arbonnier (2007). 

 

 

Figure 1.  Rainfall (mm) per month across the year in (a) Damongo and (b) Kintampo for the 

year prior (2010) and during our study year (2011), and the average over 2001-2011 ± s.d. (in 

gray), while excl. months for which data was not available (i.e. May 2010 Damongo; May 2008, 

Oct-Nov 2010, Dec 2009-2011 in Kintampo). Rainfall data were obtained from Ghana 

Meteorological Services Department.  
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Arthropod sampling 

In both sites we used a 150m-grid, in which we sampled arthropods with three 

trapping methods at every other grid-point2: i.e. the distance between sampling 

points was therefore 200-300 meters. Every 2 weeks, between 19 February and 20 

April, we sampled these points (5 rounds; n = 19 points in Kintampo, n = 20 in 

Damongo) to estimate arthropod availability for pied flycatchers during the pre -

migration period. We describe variation in the total number of arthropods, and 

temporal changes within taxonomic groups that are commonly available and well 

represented in diets of pied flycatchers (Salewski 1999): Formicidae (ants), other 

Hymenoptera (excl. ants), Coleoptera, Hemiptera, Aranea, and other arthropods.  

Trapping methods were chosen to target different substrates and arthropod groups 

that pied flycatchers are known to feed on in winter3: pitfalls for ground dwelling 

arthropods, sweep nets for arthropods in the lower vegetation and air (up to ca. 

1.5m height) and flight-interception traps in the tree canopy (lower-mid crown) for 

flying insects. Because the effectiveness of our sampling methods differed, we 

show the three methods separately.  

Three plastic pitfalls were buried in a row (distance of 5 m between traps) and 

filled with soapy water without cover, and opened for approximately 48 hours 2. 

Pitfalls were 15cm deep with a trapping surface of 69 cm2 each. At the same time 

of opening the pitfalls, flight-interception traps were placed or opened for 

approximately 24 hours2 in a tree species and at a height that were representative 

for the sampling point (50m radius from centre of sampling point). Flight traps 

were made from three plastic water bottles bound together (adapted from (Carrel 

2002)). Clipped squares in the ‘outer area’ of each bottle allowed catching 

arthropods from three sides into the soapy water at the bottom of the trap (total 

trapping area of 350cm2 per trap). The content of flight-traps and pitfalls was 

sieved through 1mm mesh netting. On the day that we emptied flight-traps, we also 

performed sweep netting as soon as insect activity was visible (mostly between 

6:00-14:00). Walking in slow pace across the sampling point (staying within a 50m 

radius from the centre) we made 90 sweeps with a net of 30cm diameter (stick of 

60cm) or three times 30 sweeps, in case the habitat at the sampling point was 

heterogeneous. Arthropod sampling was spread out over three days. Arthropods 

were stored in 70% ethanol in a fridge. Within a couple of days after sampling, 

collected arthropods were identified using Picker, Weaving & Griffiths (2002). 

Insecta and Crustacea were at least identified to order, and specimens in the 

subphylum Myriapoda to class. Body length of all arthropods (from abdomen to 

head, excluding antennae, legs and wings) was measured with an accuracy of 

0.5mm using graph paper.  

Although small arthropods (< 4 mm) occur dominant in the environment (figure 

S1, Supplementary material), Bibby & Green (1980) as well as Marchetti et al. 

(1998) suggest that very small beetles, ants and flying Hymenoptera and Diptera 

were underrepresented in the diet of pied flycatchers.  
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Figure 2.  Daily rainfall (in blue line) and ‘habitat greening’ in savanna woodland of (a) 

Damongo (at 9° N) and (b) Kintampo (at 8° N) in spring 2011, during the pre-migration 

period of pied flycatchers in Ghana. The time that pictures where taken is indicated by 

inner ticks at the x-axis. Pictures show in (a) come from different (but fairly similar) 

locations within woodland of Damongo, while all pictures in (b) were  taken on the exact 

same location. 
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Large items (> 30 mm; figure S1, Supplementary material), in contrast, that occur 

at much lower density in the environment require a longer searching and handling 

time. The capability of pied flycatchers to handle large prey will largely depend on 

specific features of the taxa: e.g. a damselfly or caterpillar of 40mm may be a prey, 

while a beetle of 40mm is likely not. We expect that most of the larger, but still 

profitable prey would occur in the group ‘other arthropods’ that include e.g. 

Diptera, Isoptera, Lepidoptera (larvae and adults), Orthoptera, Myriopoda and 

Odonata. We excluded arthropods of body sizes <4 mm or ≥ 40mm in the group 

‘other arthropods’.  

For Hymenoptera, Coleoptera, Hemiptera and Aranea specimens with a body 

length <4 mm and ≥ 20 mm were excluded. Most of these ‘presumably important’ 

arthropods are fairly mobile and can occur in different substrates. Sweep nets 

effectively trapped most groups, whereas pitfalls trapped mostly ants, spiders, 

beetles, and ‘others’. The total yield of flight-interception traps was low and 

mostly trapped ants instead of flying insects.  

We accounted for variation in the trapping duration2 within methods, by 

expressing arthropod abundance per method, number of effective traps and 

catching duration. The abundance is mostly back-calculated to the common 

sampling duration of a method (i.e. 24h for flight-traps, 48h for pitfalls and per 90 

sweeps for sweep nets), and expressed as medians ± 25-75% quartiles of sampling 

points. 

Habitat categories  

On 12 March in Kintampo and on 16-18 March in Damongo, the habitat of each 

arthropod sampling point was described, within a radius of 25m from the centre of 

a plot, including dominant tree species, tree height, vegetation cover (e.g. by trees, 

forbs, herbs, grasses) and severity of burning. This snapshot does not credit to 

general habitat differences or seasonal changes in vegetation (figure 2). We 

therefore simplified habitat descriptions for each arthropod sampling point into 

three categories: i) savanna woodland (hereafter ‘woodland’), ii) degraded wooded 

savanna (hereafter ‘open’), and iii) mix of these two types (hereafter ‘mixed’). The 

category ‘open’ still showed a tree layer, but with a prominent non -forested land 

cover of grass, forbs, scrubland, and agriculture (including fallow land, crops and 

trees such as mango or cashew). The tree layer in woodland was estimated to cover 

15-40% of the plots (i.e. highest canopy cover observed during our study). In 8 out 

of 10 open habitats a lower tree cover (i.e. 4-15% or 1-4%) was found, while the 

remaining 2 had a dominant (> 65%) grass layer or forb layer (of ‘devil weed’ 

Chromolaena odorata). In ‘mixed’ habitats both types occurred (2 out of 5 plots) 

or the habitat was intermediate (3 out of 5). 
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Bird captures, moult and spring fuelling  

Birds were caught, ringed and fitted with aluminium colour-rings to allow 

resightings of individuals within winter (February - April 2011) and between 

winters (October - November 2011). Catching occurred with mist nets, song 

playback and/or with a stuffed pied flycatcher decoy from twilight to noon, 

sometimes also in late afternoon until dusk. We targeted specific birds to improve 

our catching efficiency, and therefore mist net locations were not fixed. In all birds 

we measured tarsus, length of the 8 th primary (counted descendantly), maximum 

wing chord, body mass, estimated wing moult, body moult, fat (Kaiser fat score 0 -

8 (Kaiser 1993)), and determined age and sex. Birds were aged as 1 st winter (< 1 

Jan), 2nd calendar year (≥ 1 January) or, older (> 2nd calendar year), but for many 

birds age remained unknown (Svensson 1992; Jenni & Winkler 1994). Ageing of 

full-grown pied flycatchers can be difficult, particularly in early spring. For birds 

in indistinct post-breeding plumage, a blood or feather sample was taken for 

molecular sexing (following Kahn, St John & Quinn 1998). Blood or feather 

samples were stored at -20° C or room temperature, respectively.  

Moult was scored for each tertial (0-5: 0=old, 3=50% regrown, 5= 100% 

regrown). We express tertial moult by the summed moult scores of all three tertials 

on both wings. Feather generations were distinguished based on active growth 

(pre-breeding moult) or wear and bleach when feathers were fully grown. The 

extent of body moult was scored for head and, upper- and underparts of the body 

using the number of feathers in moult: 0 = all old feathers / no moult, 1 = 1 -20 

feathers in moult, 2 =  >20 feathers in moult, 3 = all feathers renewed. The sum of 

body moult scores of head, upper- and underparts was used to express total body 

moult progress as i) no moult (sum of 0), ii) onset of body moult (sum of 1 -4), iii) 

moult in full progress (sum of 5-8), iv) all feathers renewed (sum of 9).  

Some individuals were recaptured again later in the season. We included these 

data and considered the benefit of having more data (incl. some within-individual 

changes) to outweigh the potential bias of non-independence. Where informative, 

repeated measures of the same individuals are shown in figures as lines connecting 

multiple measurements. 

In total, 72 birds were colour-banded in Ghana from February up to and 

including April 2011: 19 females and 53 males (in n = 61 inferred from molecular 

sexing, the remaining based on feather characteristics), 19 in their 2nd calendar 

year and 20 being older (n = 33 of unknown age). During October and November 

2011 we spend six weeks to observe and recapture colour-banded birds (3 weeks in 

each site).  

Bird observations, wintering site use 

We observed wintering site use and site-fidelity of pied flycatchers during two 

consecutive non-breeding seasons. In February-April 2011 on average every 3rd 

day was spent in searching for ringed individuals (even more frequently during 
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October-November 2011). Each ringing site was visited at least 10 times during 

each non-breeding season to search for colour-banded birds. In addition, we 

walked randomly throughout the area to ensure that our re-sighting effort was not 

biased to ringing sites and known individuals. After 1 March, this was done more 

intensely and systematically. During random observations, all sightings of pied 

flycatchers were noted, including information on behaviour (e.g. foraging or not, 

aggressive interactions, calling activity) and plumage (‘brown’ indistinct plu mage, 

distinct male type). We searched for birds from 6:00 till 11:30, when bird activity 

was highest, and sometimes from 16:00 till 18:30. Each bird was ascribed to the 

habitat where it was encountered most often or where it was caught if not seen 

again after banding.  

Resightings of colour-banded individuals in spring were on average 15 days 

apart, indicating how difficult birds were to find and observe. We considered 

colour-banded birds to be site-faithful within a winter when they were observed at 

least two weeks after banding. We used this two-week window to exclude birds in 

transit. As birds were often silent, we expect that actual site-fidelity to be higher 

than recorded. Birds first caught in April, at the end of the observation period, are 

treated separately as chances of resighting were biased by the fewer observation 

days left. We considered colour-banded birds to be site-faithful across winters 

when we resighted colour-banded birds in the next non-breeding season. 

Feather collection for stable isotope analysis 

For individuals that showed or finished tertial moult in Feb-April 2011, we 

collected a freshly moulted central tertial (S8), or otherwise S7 or S9, for stable 

isotope analysis. This allowed investigation of whether spatial variation in 

wintering areas and habitats were reflected in δ13C and δ15N of wintering pied 

flycatchers. In some birds, S8 as well as S7 or S9 were collected (n = 6) or, when 

possible, we plucked the same tertial twice (‘grown-plucked-regrown-plucked 

again’, n = 3), in order to look at temporal changes in δ13C and δ15N within the 

same individuals.  

In order for isotopic tertial-profiles to be a meaningful proxy of wintering 

habitat, we need to be fairly sure that the moult location is similar to the place 

where we captured the bird, because the latter’s location was used to identify 

habitat type. When investigating the relation between isotopic signatures and 

habitat in winter, we included only ‘site-faithful birds’, to reduce the risk that 

isotope profiles would not reflect the habitat where they were caught. Sometimes, 

feathers may have been wrongly defined as freshly moulted, since their isotope 

profile fitted better with the previous feather generation (i.e. of post -breeding 

moult) and thus reflected their breeding grounds . We excluded tertials when δ13C 

and δ15N showed uncommon values that fitted well in the range of δ13C and δ15N 

found in post-breeding feathers (JO unpubl.). Data from 24 birds fitted all criteria 

and were used for further analysis.  
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Latitudinal and local variation in habitat may contribute to the spatial variation in 

isotopic profiles of wintering pied flycatchers. For example, woodland habitats at 

different latitudes are expected to differ in their isotope profiles due to differences 

in ratio of C4/C3-plants in the local vegetation. We therefore analyse the 

association between habitat and tertial δ13C and δ15N using one variable that 

includes latitudinal and local habitat differences (as above) on mean winter isotope 

profiles of pied flycatchers (1 = ‘woodland in Damongo’, 2 = ‘woodland in 

Kintampo’, 3 = ‘open habitat in Kintampo ’, 4 = ‘mixed habitat in Kintampo’). No 

data are available for ‘open habitat’ in Damongo as no birds were caught here, in 

part because relatively few birds were present in this habitat.  

Isotopes as indicator for winter habitat 

To gain insight in the relevance of our wintering isotopic profiles for the wintering 

site use by birds from known breeding populations, such as Dutch pied flycatchers, 

we explored variation in δ13C and δ15N of winter-moulted feathers between and 

within birds. We obtained winter-moulted tertials to analyse wintering δ13C and 

δ15N of birds in the Hoge Veluwe (52°06'N, 5°51'E; 2002-2003; n = 94 for δ13C, n 

= 90 for δ15N) and Drenthe (52°49'N, 6°35'E; 2007-2008, 2009-2011; n = 160 for 

δ13C n = 101 for δ15N) that were collected while birds were feeding nestlings or 

advertising nest boxes. This also allowed us to study age effects (with more 

confidence), because we included only birds with known age class (i.e. ringed as 

nestlings or with a previously confirmed status as adult). We investigated age 

differences in wintering site use via their winter-moulted isotope profiles in 

tertials, using linear mixed-effect models (LMM) with a REML function from the 

package ‘lme4’(Bates et al. 2014) in R 2.15.1.  

For a subset of birds we also had two or three consecutive years of data (n = 28 

birds in HV, n = 22 in DR 2009-2011). Consistent individual differences in 

wintering-site use (i.e. repeatability from year t vs. year t+i) among age classes 

were tested using LMM-repeatability models4 from the R-package ‘rptR’ 

(Nakagawa & Schielzeth 2010), in the statistical environment R (RDevelopment 

Core Team, R2.15.1). Samples sizes for δ15N are lower and repeatability in δ15N 

could only be investigated for birds from Hoge Veluwe, because part of the 

laboratory analysis of δ15N failed. For birds that winter the first time at year t, we 

calculated repeatabilities in δ13C and δ15N between year t and year t+1. For older 

birds, we used all data available that reflect prior winter experience to perform 

these analyses (up to three years). This means that some individuals occur in both 

analyses, i.e. as ‘first year’ from year t to year t+1, and as ‘older’ from year t+1 to 

y+2.  

Laboratory procedure stable isotope analysis 

Feathers were cleaned of organic contaminants using a hexane-methanol solution, 

air dried, and cut into small fragments using scissors and loaded into tin cups. 
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Samples were analysed for ratios of the stable isotopes of carbon ( 13C/12C) and 

nitrogen (15N/14N) at the Centre for Limnology of the Netherlands Institute of 

Ecology (NIOO) and at Deakin University, Australia. Stable isotope ratios were 

determined in a HEKAtech EuroEA elemental analyzer coupled online through a 

Finnigan con-flo interface to a Finnigan Delta V advantage isotope ratio mass 

spectrometer (NIOO) and a EuroVector EuroEA elemental analyzer coupled on-

line to a Nu Instruments Horizon stable isotope ratio mass spectrometer (Deakin 

University). Results were expressed in standard δ-notation relative to Vienna 

PeeDee limestone and atmospheric N2 for δ13C and δ15N values, respectively. 

Samples were analyzed in a randomized order. Accuracy of the measurements as 

determined using laboratory standards calibrated to international reference 

samples, was ± 0.2‰ for δ13C and ± 0.3‰ for δ15N values (δ13C: R2 = 0.998, δ15N: 

R2 = 0.997) for NIOO. For Deakin University, reproducibility based on replicate 

measurements (n = 5) of a caffeine standard (IAEA-600 mean δ15N = 1.0 ± 0.2 

(s.d.), mean δ13C = -27.771 ± 0.043 (s.d.)) during the period of measurements was 

0.27‰ (s.d.) for δ15N and 0.13‰ (s.d.) for δ13C. The maximum recorded 

deviations across these five caffeine standards were in all cases <0.37 for δ 15N and 

<0.22 for δ13C. A within-feather repeatability analysis performed at the NIOO 

showed high repeatability for both δ13C and δ15N (δ13C: R2 = 0.984, δ15N: R2 = 

0.972), indicating low within-feather variation in isotope signatures (one out of ten 

samples were replicated within the same batch). We used the within-feather 

repeatability for samples replicated across two batches to correct for differences 

across batches, which may have arisen from changes in laboratories and laboratory 

standards (of δ15N). 

Results 

Rainfall and habitat  

The rainy season preceding spring migration in 2011, was wetter than the mean 

over 2001-2011 (figure 1). In Damongo, this was mostly restricted to autumn, 

whereas in Kintampo high rainfall peaks occurred across the rainy season 5. The 

dry season conditions in 2011 were therefore not as arid as in 2009 when we 

visited the same area. The amount of rainfall at the start of 2011 – during January 

(Kin/Dam: 10/0 mm), February (Kin/Dam: 55/5 mm) and March (Kin/Dam: 66/39 

mm) – was a bit above the average for 2001-2011 for Kintampo (Jan/Feb/Mar: 9 ± 

21 / 35 ± 33 / 67 ± 27 s.d.) and normal for Damongo (Jan/Feb/Mar: 1 ± 2  / 10 ± 11/ 

40 ± 33 s.d.). These data also illustrate that the amount of rainfall that is reached in 

late February in Kintampo, takes an extra 15-30 days to fall in Damongo. The 

onset and amount of the first rains, as well as higher temperature and higher 

evaporation in Damongo, likely reinforce differences between these sites, 

particularly when dry-season conditions are above-average arid. 
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Upon our arrival in early February the vegetation was at its most barren state 

during the study period of February through April (figure 2). Our qualitative 

impression of the seasonal changes in the vegetation by the end of the dry season 

were most pronounced in Kintampo, where the first major rainfall resulted in 

vigorous vegetation regrowth (figure 2b; 25 February). In Damongo changes were 

not so apparent, possibly because the onset of rain was later and rainfall sums were 

lower (figure 2a). Ground vegetation cover also differed between the study sites, as 

apparent from measurements in mid-March. In Damongo, 70% of our sampling 

points reached a maximum forb cover of 1-4% (the remaining points had a cover of 

4-15%), while in Kintampo locations had a cover of 4-15% (37%), 15-40% (37%) 

or even higher (26%).  

A similar difference was observed for grassy vegetation, with 75% of the 

locations in Damongo reaching a maximal grass cover of 15%, while the minority 

(25%) had higher percentages of grass cover (i.e.15-40% or 40-65%). The opposite 

was true for Kintampo with few locations showing grass cover of 4-15%, while for 

the majority (74%) grass cover estimates were higher (i.e.15-40%, 40-65% or > 

65%). Thus against our expectation, Damongo had less grass cover than Kintampo. 

Interestingly, grass cover in late autumn (Oct-Nov) was very high and dominating 

most of the woodland in Damongo, suggesting a strong influence of C4-grasses in 

this area at other times of the year (JO unpubl.). The difference in the understory 

between late March and autumn was less pronounced in Kintampo, which may in 

part be due to earlier vegetation regrowth in spring in Kintampo and an overall less 

dominant grass layer than in Damongo. This suggests that our vegetat ion measures 

in mid-March were very much a snapshot mix of the onset of vegetation 

‘greening’, generally moister climatic conditions in Kintampo throughout the year, 

and possibly the extent of burning or grazing.  

Burning removed a considerable amount of grasses, forb and herbs in the 

understory, which mostly occurs during the peak of the dry season. In Kintampo 

84% of sampling points showed signs of burning, while this was even 95% of 

sampling points in Damongo.  

Arthropod dynamics 

Because of the latitudinal moisture gradient we expected arthropod abundance at 

the end of the dry season at Kintampo to be higher than in Damongo. This was not 

supported by our data, assuming that dry-season conditions were best reflected by 

the samples taken in late February. Highest numbers of arthropods – mostly ants, 

but also Coleoptera and Arachnida – were trapped in pitfalls in Damongo 

woodland rather than in Kintampo (figure 3e; figure 4b,f,h), prior to the first rains. 

Yet, this difference is not maintained later in the season, since arthropod 

abundance in Damongo pitfalls dropped after the first sampling round and 

thereafter remained fairly similar and was somewhat lower than the amount 

trapped in Kintampo. Ants were the most common taxa in all sampling methods, 
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and were abundant during most of the season (mid-February – late April) in the 

different sites and habitats, despite fluctuations across the season within the 

different methods and habitats (figure 4a-b, figure S2d, Supplementary material). 

The onset of rains in spring did lead to an increase in arthropods, but only 

clearly so in sweep net catches (figure 3a-b). Arthropod abundance in Kintampo 

woodland, as evident in sweep netting, started to increase at the same rate as in the 

open and mixed habitats in Kintampo, while overall abundance was somewhat 

higher in woodland (figure 3b). After a peak abundance around 22 March in 

Kintampo, numbers dropped in early April in woodland, but not in the more open 

habitats of Kintampo, while mixed habitats showed an intermediate change. In 

Damongo, the highest arthropod abundance in woodland caught by sweep nets, 

was reached in the first half of April (figure 3a).The highest numbers in Damongo 

woodland, as caught by sweep nets, thus occurred later than in Kintampo woodland 

and was more variable among sampling points. This seasonal increase and 

temporal peak in arthropods abundance in our sweep net catches seemed largely 

driven by trends in ants, Hemiptera (figure 4a,d) and ‘other’ less dominant taxa 

(figure S2a, Supplementary material), particularly in Kintampo woodland. This 

seasonal increase in arthropod abundance assessed by sweep net sampling, 

coincided with the ‘greening’ of the environment, as fresh leaves, herbs and 

grasses replaced the barren understory (often previously burnt), and may be 

considered as a seasonal food peak.  

Kintampo woodland seemed relatively rich in Hemiptera, spiders and ‘other’ 

less dominant taxa compared to open, mixed habitat in Kintampo and Damongo 

woodland (figure 4, Supplementary material figure S2), without leading to an 

overall higher arthropod abundance (figure 3). Differences were largely 

compensated by other taxa, such as a higher abundance of ants.  
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Figure 3. Temporal changes in arthropod abundance in Damongo (a, c, e) and Kintampo (b, d, f) 

in different wintering habitats, in relation to the timing and amount of rainfall during the pre-

migration period of pied flycatchers in spring. Shown is the median ± 25-75% quartile of 

arthropod abundance across sampling locations. Locations were sampled by (a, b) sweep netting 

(# / 90 sweeps), (c, d) flight-interception traps (# / 24h), and (e, f) pitfall-traps (# / 3 traps / 48h). 

Maximum number of sampling locations per round were 19 in Damongo (n = 1 open, n = 19 

woodland) and 20 in Kintampo (n = 4 woodland, n = 9-10 open6, n = 5 mixed). Abundance is 

shown only for arthropods with body size ≥ 4 mm and < 20mm (Hymenoptera, Coleoptera, 

Hemiptera and Aranea) or ≥ 4 mm and < 40mm (i.e. for ‘other arthropods’ incl. Lepidoptera, 

Diptera, Orthoptera, Myriopoda and Odonata). Note that habitat symbols within sites are slightly 

spread over date, for visibility. 
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Figure 4. [Left] Temporal changes in abundance of various arthropod groups for different 

habitats in Damongo (solid symbols) and Kintampo (open symbols). Shown is the median ± 25-

75% quartile abundance across sampling locations for Formicidae (Hymenoptera-ants), other 

Hymenoptera (wasps and bees), Coleoptera, Hemiptera and Arachnida (with body size: ≥ 4 mm 

and <20mm), which were abundant and presumably important prey for pied flycatchers. 

Abundance per method represents numbers sampled by sweep netting (# / 90 sweeps), flight-

interception traps (# / 24h), and pitfalls (# / trap / 48h). Maximum number of sampling locations 

per round were 19 in Damongo (n = 1 open, n = 19 woodland) and 20 in Kintampo (n = 4 

woodland, n = 9-10 open6, n = 5 mixed). Note that axes scales differ and habitat symbols within 

sites are slightly spread over date, for visibility. 

 

Timing of moult and fuelling for migration 

The first birds with moulting tertials were caught on 7 February (figure 5a), our 

first catching day. Early birds probably have started earlier with moult, since two 

out of seven birds caught in the first week had already replaced two of their six 

tertials. The first birds with finished tertial moult were captured on 27 February 

(figure 5a), the last birds with active tertial moult on 12 March. The two males 

with unfinished tertial moult in April might have skipped the moult of one tertial, 

as they did not show signs of active tertial growth (we occasionally observe Dutch 

breeding birds with old worn tertials). Within the five weeks, in which active 

tertial moult was observed, there appeared to be little sex differences in the timing 

of tertial moult (compare symbols in figure 5a). Pied flycatchers differed more 

with respect to the progress of body moult, the amount of fat and their body mass 

(figure 5b-d). Moult of body feathers was generally later than tertial moult, but 

partially overlapped. Several birds also stored some fat during moult, with higher 

fat scores during more intense body moult (data not shown). From late March 

onwards birds started to gain more fat (Kaiser scores of 3 or higher). On average, 

males started fuelling earlier than females, as indicated by fat score and body mass 

increase (figure 5c-d).  

Wintering site-fidelity in Ghana  

During February through April 2011, we resighted 56% (of n = 72) of the birds 

one or more days after they were first recaptured, including birds that were only 

seen 1-2 days after capture (n = 4) and/or first caught in April (n = 4). It took on 

average 15 days to resight a colour-banded pied flycatchers in spring. The number 

of resightings of individual birds was on average 2.7 days per bird (range n = 1-8). 

The resighting rate differed depending on the period in which birds were first 

captured, being 61% (of n = 54) for birds first captured in Feb.-March, and 22% 

(of n = 18) for birds first caught in April.  

Sixty percent of pied flycatchers first captured in woodland in February-March 

were resighted at least once outside a two-week window from first capture, 

compared to 55% in open habitats and 73% in mixed habitats.  
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Figure 5.   Timing of moult and fuelling of male (triangles) and female (dots) pied flycatchers in 

Ghana prior to spring migration. Tertial moult (a) shows the progress of total tertial moult (S7-S9, 

both wings) in relation to the capture date of a bird (0= not yet moulted, 30= all renewed). The 

intensity of body feather moult (b) is based on the summed moult scores in three body parts (low= 

∑ of score 1-4, high= ∑ of score 5-6); i.e. on head, upper and underparts (0= no moult, 1= ‘1-20 

feathers’, 2= ‘>20 feathers’). Open symbols in (a, b) show birds prior or finished with moult. 

Migratory fuelling of birds is inferred by (c) fat accumulation (using fat scores 0-8: 0= ‘no fat’, 

8= ‘max fat’, after Kaiser 1993) and (d) body weights. Individuals caught twice are connected by 

lines (black line in (a) shows one bird twice caught during active tertial moult). 

 

 

The following winter (Oct-Nov 2011), 21% of our colour-banded birds were seen 

again (8 of 42 for Kintampo, 7 of 30 for Damongo). This return rate was slightly 

higher for birds that had been assigned as ‘site-faithful’ during the previous winter 

(27%, n = 33). The highest percentage of birds that returned locally occurred in 

woodland (24%) or mixed habitats (27%), while only 7% from degraded open 

shrub habitats returned to the study area (i.e. from all birds caught and/or site -

faithful to these habitats in spring). Although this seems fairly low, it needs to be 

mentioned that upon our arrival in autumn 2011 during which we did these 

observations, strong deforestation took place in both study sites, thereby removing 

approx. 1/5 of the woodland habitat in which birds occurred in previous year. None 

of the birds occupying these habitats in spring were seen again in autumn at these 

(often barren) sites, nor in the surroundings, and normal return rates for woodland 

habitat might thus have been higher.  
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Habitat isotopic profiles  

Freshly moulted feathers of 24 site-faithful birds in Ghana were used to analyse 

isotopic signatures. These revealed that habitat differences influenced δ 13C profiles 

of pied flycatchers (F3,20= 6.814, p = 0.0024) but this effect was not found in δ15N 

(one-way Anova: F3,20= 1.692, p = 0.201). The two wintering sites differed 

significantly in δ13C profiles when comparing birds caught in the woodland habitat 

(as inferred from post-hoc TukeyHSD tests; Figure 6). Within Kintampo (an area 

of less than 1 km2), birds that wintered in closed woodland savanna had more 

depleted δ13C values than birds occupying more open, degraded woody savanna or 

intermediate habitats. If habitat differences were ignored, latitudinal differences in 

isotope profiles disappeared (δ13C: F1,22 = 0.52 , p =  0.48, δ15N: F1,22= 2.03, p =  

0.17; but note that isotope data for Damongo only refer to one habitat), suggesting 

that local habitat differences can be an important determinant for δ 13C values in 

winter-moulted feathers.  

 

 
 

Figure 6.   Effects of local and latitudinal habitat differences on mean (± 2 SE) wintering carbon 

isotope profiles (δ13C) of site-faithful pied flycatchers in Ghana. Freshly moulted tertials were 

collected in Damongo (solid symbols, n = 11) and Kintampo (open symbols; n = 3/5/5 for 

woodland/open/mixed habitat). Letters indicate where differences occurred according to Tukey 

HSD tests (p < 0.05).  

 

 

Isotope profiles did not show a temporal trend for the period in which we captured 

birds in active moult (LME δ15N: F1,12= 1.06, p =  0.32; LME δ13C: F1,13= 0.05, p = 

0.83; both corrected for ‘tertial-moult index’7). However, changes in δ13C and δ15N 
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isotope values were found in tertials plucked repeatedly (n = 3) and tertials from 

the same wing (n = 11), but not in any specific directions (JO unpubl.). This 

suggests that specific conditions, either in prey availably, prey choice or habitat at 

the time of moult likely add some variation to the isotopic signals.  

The habitat differences in δ13C are generally consistent with a mechanism 

whereby the ratio of plants using C4 versus C3 photosynthetic pathways causes 

habitat specific profiles of δ13C  (Hobson et al. 2012). Differences in 

photorespiration – that can occur locally and over large gradients – seem 

responsible for both the latitude effect between woodlands, and the local difference 

within Kintampo: with hot, dry, saline, open or burnt vegetation being generally 

more dominant in C4-plants (Sage 2004; Osborne & Freckleton 2009) and 

therefore resulting in less depleted (i.e. higher) δ13C values in the birds feathers. 

Even though the grassy C4-vegetation itself was largely removed in Damongo, the 

isotopic signal of tertials still showed less depleted δ13C compared to Kintampo 

woodland, implying that local arthropod communities (at least in part) is still 

reflecting differences in the importance of C4 or C3-channels in these habitats. 

It remains to be tested whether habitat (and moisture) differences in δ 15N did 

not exist in the habitats investigated, or that they do exist, but are more sensitive to 

such temporal changes or are more easily masked by other conditions such as 

fertilization, differences in foraging or prey preferences, or other factors.  

Inferred wintering site use of Dutch birds via isotopic profiles  

Since habitat differences appear to be reflected in their wintering isotopic 

signatures (at least in δ13C), we could study wintering site selection and 

consistency in wintering habitat use for breeding birds from two Dutch breeding 

populations, Hoge Veluwe (HV) and Drenthe (Dr), some 100 km apart. Using 

winter-moulted tertials, we found that adult pied flycatchers showed consistent 

individual differences in wintering site use across winters, as inferred from the 

repeatability of δ13C (HV: R= 0.60 ± 0.10, p = 0.006, n = 18; Dr: 0.65 ± 0.14, p = 

0.005, n = 14), but even more so in δ15N (HV: 0.82 ± 0.08, p = 0.0002, n = 13, no 

data for Dr).  

In young birds with no prior wintering experience at year t repeatability was 

absent or much lower in wintering profiles than in older, more experienced birds 

(δ13C HV: 0.24 ± 0.15, n = 10; δ13C Dr: 0.24 ± 0.24, n = 15; δ15N HV: 0.36 ± 0.23, 

n = 7). Wintering profiles of young birds from The Netherlands were 0.40‰  

higher in δ13C (i.e. less depleted), but 0.63 ‰ lower in δ15N (δ13C: 𝑋1
2 =3.51, p = 

0.06; δ15N: 𝑋1
2 = 6.54, p = 0.011) when compared to older birds with prior 

wintering experience.  
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Discussion 

Seasonality in food prior to migration 

The first heavy rains in late February triggered vegetation regrowth in the study 

site of Kintampo (7°58’N), and increased arthropod abundance trapped by sweep 

net sampling, with peaks in ants and Hemiptera. In the Guinea savanna woodland 

of Damongo (9°05’N) such changes in arthropod were later, which is possibly 

because of a later and lower amount of rainfall. Although the vegetation appeared 

dry (often previously burnt) during February, ants were also abundant in this 

period, as well as throughout the season in all methods. We expected peaks with 

the beginning of rains, particularly in primary consumers that strongly rely on 

fresh vegetation growth of high nutritious value (Gillon 1970, 1983). Differences 

between and within habitats in arthropod abundance were not very pronounced in 

2011, although there is the suggestion of a food peak in woodland after the start of 

the rains. We want to stretch that our arthropod measures reflect a single year, and 

we hypothesise that the lack of differences among sites is due to relatively high 

rainfall sums during the rainy season of 2010 that resulted in a relatively humid 

dry-season conditions in 2010-2011. We expect more pronounced spatiotemporal 

differences in arthropod abundance in years that are preceded by relative dry rainy 

seasons. In our relatively wet winter, arthropod abundance thus seemed rather 

stable and potentially favourable for pied flycatchers, throughout the whole pre-

migration period in each site.  

This all assumes that our study of arthropod abundances indeed targeted the 

most important prey species and sizes for flycatchers to feed on during moult and 

fuelling. During our own study, the number of identifiable prey items during 

foraging observation was low (n = 9 during ca. 300 minutes of observations) and 

strongly biased towards large and easily recognized prey: i.e. Lepidoptera larvae, 

Orthoptera, adult Lepidoptera, Formicidae, Odonata, Isoptera and Myriapoda. 

Observations on foraging pied flycatchers in our study sites during February 

through mid-March 2009, 2011 and November 2011 (Zwarts & Bijlsma 2015) and 

in Ivory Coast (Salewski et al. 2003), indicate that birds often made use of 

branches, trunks, twigs and tree-leaves, and few birds foraged on ground 

vegetation  (Salewski et al. 2003), or on the on the ground (Zwarts & Bijlsma 

2015). These foraging sites match our analyses on the wintering δ13C profiles in 

Ghana, that were more depleted than predicted by a δ13C feather-isoscape for these 

latitudes in West Africa (Hobson et al. 2012). The same seemed to be true in a 

multi-isotope assignment study of Swedish pied flycatchers which were assigned 

to tropical forest regions in West Africa which are mostly outside their (presumed) 

prime wintering range and habitat (Dowsett 2010; Veen et al. 2014). These finding 

all suggest that pied flycatchers selectively forage relatively more on prey fro m 
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forbs/trees (C3-plants) within a C4-biome, such as on caterpillars or other insects 

feeding on freshly grown leaves.  

What seems a ‘preference’ may however just reflects the availability of prey. 

At the peak of the dry season, fires removed a good amount of ground vegetation 

(prior to our arrival in February). What may first have served the birds ‘meals on 

wheels’ just after fire, is in fact a drop in arthropod availability in the grass layer 

(Gillon 1970; Nkwabi et al. 2011). It is therefore not unlikely that also the 

arthropod community ‘shifted’ from a dominant C4-associated arthropod 

community towards a community that more strongly relies on (fire-resistant) C3-

shrubs, trees and herbs. The arthropod community – with more depleted δ13C 

values – that arise from this is probably what was available for the birds to feed on 

during tertial moult. 

Phenology of pre-migratory preparations 

Tertial moult mostly took place prior to the ‘greening’ of the environment. Pied 

flycatchers in Ghana varied little in the timing of their tertial moult, which was in 

agreement with a study in Comoe National Park in Ivory Coast (located about 200 

km due west of Damongo) that previously reported low variability in the onset of 

tertial moult, and similarity in the start and end of moult (on average 17 February - 

18 March: Salewski et al. 2004). The time window of tertial moult at these nearby 

studies thus shows great overlap, and was also similar in 2009 at the same Ghana 

study sites (Both & Bijlsma unpubl.).  

The narrow time window is quite remarkable, because individual pied 

flycatchers are known to show large variation in their migration phenology due to 

sex and (breeding) population differences (e.g. Both, Bijlsma & Ouwehand 2016; 

Ouwehand et al. 2016). Possibly, a narrow window for tertial moult may be 

beneficial because it limits the time and energy spend on tertial moult, but it can 

also carry costs in terms of sexual attractiveness if birds do not manage to moult 

all tertials. Postponing the moult of tertial feathers may lead to a subsequently 

smaller wing patch size, while moulting an extra secondary may enlarge the 

visibility of this secondary male trait that is involved in sexual signalling in the 

breeding season. In Finnish birds, this wing patch size was found to  be bigger with 

high rainfall conditions (high NDVI, low NAO) at the wintering grounds (Järvistö 

et al. 2016). Whether such an effect merely arises from variation in the amount of 

white on freshly moulted tertials or if such an effect also arises because some 

tertials are not renewed during pre-breeding moult, remains to be tested.  

The timing of moult in body feathers was more variable, and continued for 

some birds even into April. The study in Ivory Coast (Salewski et al. 2004) also 

reported some birds still moulting body feathers in April8. The energy spent on 

feather synthesis during body feather moult can be considerable (Lindstrom, Visser 

& Daan 1993), and strongly increases daily energy demands by 20% (Jenni & 

Winkler 1994). This phase of pre-breeding moult might thus be much more 
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condition dependent. Because body feather moult occurred later, the chance of 

birds to make use of changes in the environment in response to the first rain 

becomes higher. In this respect, it is interesting that some males stored small 

amounts of fat during moult (figure 5c in early March). But it need to be noted that 

similar small fat reserves in early March (fat 1-2) were also seen in pied 

flycatchers caught in Ghana in 2009 (Both & Bijlsma unpubl.), during which the  

dry-season conditions were seemingly dryer than in 2011. Smith (1966) also 

mentioned an exceptional heavy (22.3 g) male in early April that wintered in Vom, 

Nigeria 9.50°N. This male gained almost half of this weight before moult was fully 

finished (Smith 1966). Whether later body feather moult and fat storage during 

moult are possibly in part phenological adaptations to ‘spring greening’ that allow 

to safely perform this energy costly moult phase, or independent of the conditions 

(as suggested for fat storage in Cooper et al. 2015), remains to be explored.  

Only in late March birds started to show fat scores ≥ 3 and many still had low 

amounts of fat in late April. The onset of fuelling appears very late compared to 

what one may expect based on the current data available of spring departure timing 

in pied flycatchers. Geolocation tracks of males in a Dutch breeding population 

showed that the first started their non-stop flights across the Sahara already on 23 

March in 2014 (Ouwehand & Both 2016). The earliest departing individuals likely 

must have to gain enough fuel loads quite some time earlier: i.e. to depart at latest 

in mid-march, migrate and then establish territories in early April (e.g. in 

Netherlands, United Kingdom). Three birds from S-Finland and S-Norway that 

were tracked by geolocation started their spring migration at latest in half April 

(Ouwehand et al. 2016). Birds at the late end of the breeding range (e.g. from N-

Scandinavia) that lay their eggs even 1-2 weeks later compared to the S-

Scandinavian birds (Both et al. 2006b), thus can start fuelling in principle 1-2 

weeks later to be ready by late April. This rough calculation implies that birds 

wintering in Kintampo and Damongo likely have a late breeding phenology 9. This 

is partly consistent with a recent stable-hydrogen assignment study: pied 

flycatchers wintering in Ghana most likely originated from breeding locations in 

the mid and northern part of the breeding range (Tonra, Both & Marra 2014), 

although uncertainty was high. The few data available on pied flycatchers 

wintering locations suggest that birds breeding in western Europe, S-Norway and 

S-Finland all spend the winter west of Ghana. We therefore argue that their late 

onset of fuelling best supports a breeding origin from the eastern part or more 

northern end of the range, where cold spring conditions do not allow an early 

arrival, and therefore may allow a fairly late migratory fuelling.  

The most important premise underlying this reasoning, and this study in 

general, is that fuelling for spring migration happens to a large extent at their 

wintering sites. In favour of this are sightings on two males and two females that 

were site-faithful within winter: when recaptured at the end of winter they were 

accumulating fat and gained weight (figure 6). But is this generally true? 
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Particularly later in the season, it is less clear whether first captures of birds 

actually also wintered at the sites where we caught them. Birds first caught in 

April were re-sighted at much lower rates than earlier in the season. This lower 

resighting rate might have arisen from the small time window left to find and 

observe these birds, but alternatively, could indicate a high turnover of birds. In 

other words, part of these birds might originate from other sites and passed through 

the study area to fuel or move towards other fuelling sites. Such movements may 

explain our findings of apparent low fat stores seen in most birds.  

Higher turn-over rates and high densities during mid to late April were also 

referred to as an influx of migrants by von Stünzner-Karbe (1996) and Salewski 

(1999) for Comoe National Park in Ivory Coast. A quantitave study in shrub 

habitat in the same national park yielded too few captures to draw strong 

conclusions on their spring fuelling strategies (Salewski et al. 2002c). Although 

birds seem to move through sites in spring where they do not occur in winter, such 

as Lake Chad 13°N (Dowsett & Fry 1971) these authors suggested that birds 

already arrived with major fat reserves at these sites rather than that they 

accumulated fat there. Smith (1966) also caught pied flycatchers migrating through 

Vom, Nigeria 9.50°N, particularly from mid-April until into early May with heavy 

weights, while less birds passed through before mid-April, and mostly with lower 

weights. In the latter case, most of these birds were not seen earlier in winter, and 

thus originated from other wintering sites (Smith 1966). Fuelling outside the 

wintering area, was confirmed for one site-faithful bird deployed by a geolocator 

on 8 February 2011 in Ghana (JO unpubl.) that left Kintampo around 6 May to 

spent approximately two weeks in a stopover site N-E of the wintering site 

(somewhere in the region of lake Tsjaad). From here, this bird crossed the Sahara 

and stopped over again either in North Africa near Tripoli, Libia or in the 

Mediterranean near Sicilia, Italy. During this last stop the geolocator stopped 

working on 26 May. 

Interestingly, such a fuelling strategy away from the wintering site itself, is in 

sharp contrast with our own interpretation of geolocation findings (Ouwehand & 

Both 2016) in which we suggest that Dutch birds directly initiate spring migration 

and Sahara crossing from their wintering sites. This was based on similarity in 

departure timing and longitude locations of wintering sites and non-stop flights 

across the Sahara. The discrepancy may be explained by i) low geolocation 

accuracy, in which particularly latitudinal movements may have been missed by us 

(but not for the one bird from Ghana), or ii) actual differences in spring fuelling 

strategy among birds: i.e. our tracked Dutch birds fuel at their wintering site, while 

birds with a later breeding phenology leave their sedentary wintering sites to fuel 

for spring migrations at other sites. Possibly, pied flycatchers of different breeding 

origin (and possibly sex and/or age) vary not only in their wintering location (i.e. 

longitude: Ouwehand et al. 2016) but also in the associated spring fuelling and 

migration strategy. Such differences have also been found in common swifts Apus 
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apus, in which birds from earlier breeding populations had both a residency period 

and a phase with many detours, while birds from populations with later phenology 

had one long residency period (Åkesson et al. 2012; Klaassen et al. 2014b). If 

birds with different breeding phenologies indeed have different wintering and 

migration strategies, it may not be so surprising that also their responses to 

wintering conditions over longer time periods are different (Both et al. 2006b; 

Both 2010; Robson & Barriocanal 2011). 

Sex differences in wintering  

This study hints at sex differences in the timing of spring fuelling. Geolocation 

data of Dutch birds also showed that males arrive prior to females at their breeding 

grounds (Both et al. 2016), and that this protandry was driven by differences in 

spring departure (chapter 6). Although we lack spring departure data from Ghana, 

we did observe a non-linear shift in the ratio of bird present with different plumage 

characteristics (figure S3, Supplementary material) that are indicative of such sex 

differences in migration. After an initial increase of birds in typical male plumage, 

associated to their pre-breeding moult (peaking at approx. 80% a late March), the 

relative presence of birds in typical male plumage gradually decreased again from 

early April onward. Thus more birds were in brown plumage (females or brown 

males), which agrees well with earlier departure of males. Interestingly, within the 

same location, we seem to observe that males and females are more similar in 

timing of moult (but note that samples sizes are small) than in fuelling. This could 

indicate that males and females differ in their response to cues (reaction norms) 

that define when they start to fuel (but not to moult) or females wintered and 

fuelled under different conditions.  

The high percentage of males caught (74% of birds) and observed in Ghana 

(figure S3, Supplementary material), could be a hint of asymmetries in wintering 

site-selection by males and females (Parrish & Sherry 1994). Asymmetries in 

wintering site-selection may arise from differences in social hierarchy, conditions 

and body size (Marra 2000), or represent different needs and possibilities, e.g. 

because they differ in migration phenology. Our estimates of site-fidelity (excl. 

April catches) did not suggest females (64%) to be less site-faithful than males 

(60%). Neither did we find clear support that females occurred more often at 

different sites; 53% of females were caught in woodland (as were 60 % of males), 

while in open and intermediate habitat this was also similar (respectively 26-21% 

in females, 19-21% in males). Alternatively, the male biased sex-ratio represents 

sex differences in catching and observation chance or in survival: i.e. with males 

having higher chances to be caught and seen or a real male bias in the population 

because of differential survival. The differences among sexes in their timing of 

moult and fuelling and their wintering site selection are thus still a clear avenue to 

further research. 
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Site-fidelity and habitat selection  

Despite intense targeted searches for colour-banded individuals (mostly by 

experienced researchers), birds were generally difficult to find during February 

and March due to inconspicuous behaviour, such as when sitting motionless in the 

vegetation for long periods. This is in sharp contrast with findings reported by von 

Stünzner-Karbe (1996), with high resighting rates for individual pied flycatchers in 

Ivory Coast. This same study also mentioned that targeted searches for colour 

ringed birds yielded most often a sighting within 5 minutes, at least in habitats 

considered high quality sites (socalled ‘Inselwald’). Again this was very different 

in our own study. For example, targeted searches for >30 minutes during three 

subsequent days could still result in not finding the focal bird, while again 

observing it on a later date. Various birds were only found while sitting still. One 

might argue that a lower resighting rate in our study (relative to Salewski et al. 

2000, 2002b) indicates poorer quality habitat with many birds floating in the area 

instead of being site-faithful during winter. Yet, we found little direct evidence 

that birds were actually floating, at least within our study area. Extensive efforts to 

search for birds throughout the area revealed only two observations of 40 

individuals outside a range of 100m from their catching site or ‘wintering patch’ 

(i.e. the site where they have been observed after catching).  

Observations that could be interpreted in support of low quality of sites are the 

low occurrence and intensity of territorial conflicts among flycatchers in our study, 

e.g. chases, fights, physical contact, extreme calling activity towards eachother (JO 

unpubl.). We did regularly observe birds that seemingly allowed conspecifics to 

forage in what we would describe as their home patch. We have no confirmed 

cases of focal birds taking part in the few ‘territorial’ interactions that we did 

observe (but note that many birds were not ringed). Whereas, we actually  could 

confirm a case in which a focal bird was watching a conflict in his patch rather 

than taking part in it. Rather than interpreting little territoriality as a sign that 

habitats are not worth fighting for, low territoriality may also arise when there is 

little need for such obvious territoriality and fights. If food was indeed abundant 

throughout the whole pre-migration period in each site (as we think), this may give 

an explanation for why birds could spend a lot of their time sitting motionless 

without feeding, and even accepted that conspecifics forage amidst of their 

wintering patch. Since feeding and aggressive birds are both easy to observe, this 

will have a large impact on our detection probability (Zwarts & Bijlsma 2015). We 

therefore hypothesize that differences in food availability, in combination with 

varying densities of wintering birds (Marra et al. 2015) can lead to strong year-to-

year differences in wintering behaviour, such as foraging activity, observation 

chance, and apparent site-fidelity, but also the need to signal and defend territories 

(with possible differences among sexes).  

Interestingly, we did observe a suppressed form of singing behaviour for 

various site-faithful birds that may function as a passive signal of their territory 
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(Templeton et al. 2012), without the need to perform physical actions. The 

suppressed song comes close to what can be heard at the breeding grounds during 

advertisements of nest holes or boxes by males (often from within the hole). Birds 

mostly had their beak closed while producing song phrases, only opening their 

beak to make high pitched sounds in between these ‘suppressed’ song phrases. 

This behaviour was almost always combined with foraging deep in the vegetation, 

rather than taking place in an agonistic context: we never observed any obvious 

target birds being in the wintering patch or near the focal bird. Some birds were 

certainly males, but this song behaviour unlikely relates to first year males 

practising their song for their first breeding attempt, as in autumn we observed this 

behaviour again and some of these birds were certainly older birds. The precise 

function of this song and context in which it is used, remains further explored.  

Differences in site-fidelity and recurrence across years can in principle be a 

good indicator of the quality of sites and individuals. Our observations of site -

faithful birds within- and between winters (despite low detectability) and 

consistent individual differences in isotopic signals of δ13C and δ15N in winter-

moulted feathers confirm that at least part of the pied flycatchers occupy wintering 

patches, year after year, and do this across a range of wintering habitats (Morel & 

Morel 1992; Salewski et al. 2002b; Dowsett 2010). Anecdotal evidence from two 

birds wintering in Ivory Coast confirmed that birds change habitats locally, 

switching from more open savanna to forested habitats (Salewski 1999). Moreover, 

lower return rates to open, degraded savanna compared to woodland habitats (our 

study; Salewski et al. 2000, 2002b) point at higher quality of the latter or at least 

suggest that open habitats are not used in the same way as woodland habitats.  

Our isotopic proxy of wintering site-selection revealed lower isotopic 

repeatability in young (first relative to second winter) compared to more 

experienced birds that hint at age-related asymmetries in recurrence across years. 

We showed that the δ13C signal in their winter-moulted tertials can indicate habitat 

variation at their wintering sites (mixed local and latitude signal), mostly reflecting 

conditions prior the vegetation regrowth. Given their less depleted δ13C signal, 

young tend to switch habitat (use): from opener habitats towards a signal 

indicating habitats with a stronger C3 component, from the first relative to their 

second winter. Young birds may either achieve this by switching habitats locally or 

move to sites at lower latitudes.  

We hypothesize that latitudinal switches are less likely, because this would 

mean that birds need to explore new sites, rather than making use of locally 

acquired knowledge on habitat quality during the first winter. If good quality sites 

are limited, we may expect that subordinates – like young birds – are forced into 

poorer quality sites by socially dominant or strong birds in good condition that 

monopolize wintering areas of high quality (Marra 2000). Wintering site-selection 

might thereby impact their fuelling rates, and such mechanism could potentially 

explain why young wood thrushes depart later from the wintering grounds 
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(McKinnon et al. 2014), and first year individuals arrive later than older 

individuals in pied flycatchers (Potti 1998; Both et al. 2016) and other migrants 

(e.g. Sergio et al. 2014). It seems well possibly that open savanna habitats provide 

less stable or unpredictable food supply across years, e.g. low in quality in dry 

years or when rain is late (comparable to Studds & Marra 2007). Because the 

extent of the movements of the intertropical convergence zone (ITCZ) is not 

entirely stable over the years, it is expected that also rainfall conditions and 

thereby food conditions can fluctuate a lot between years. We hypothesise that 

particularly for birds with an early breeding phenology it is more risky to occupy 

sites that only temporally provide good wintering conditions, e.g. when spring 

rains start early or previous years’ rainfall was high. 

Although more birds returned locally in Damongo woodland in autumn (26% of 

n = 26), than in Kintampo woodland (19% of n = 16), the birds returning in 

autumn 2011 to Kintampo faced drastic changes in the woodland; considerable 

parts were destroyed. At the moment, it is therefore not very obvious whether 

woodland sites at higher latitudes, e.g. Damongo, are generally of lower quality 

than woodland sites in Kintampo, and what determines that birds select these sites. 

We do predict that the consequences of wintering site-choice in pied flycatchers is 

strongly mediated by drought during the dry-season via food conditions (Studds & 

Marra 2011). We expect to find carry-over effects from wintering habitat onto 

migration timing and survival in years with a long and severe dry season prior to 

migration, i.e. low rainfall sum during the rainy season prior to winter arrival, and 

late onset of first rains in year of spring departure. But the impact will likely also 

depend on the time schedule of the individual and population. It remains to be 

tested which factors determine wintering-site selection with respect to latitude, as 

it has been hypothesized that – despite large consequences – the unpredictability of 

wintering conditions may favour bet-hatching strategies rather than directional 

selection for specific wintering habitats (Cresswell 2014).  

Concluding remarks 

We acknowledge that our study is descriptive, subjective and provides many 

anecdotal observations that raise more questions about the causes and 

consequences of wintering site-selection than we can answer. Not in the last place, 

because we were not able to directly link specific sites and habitats to individual 

departure schedules. It would be a very valuable next step to investigate between- 

as well as within-individual changes in wintering habitat conditions and/or site use 

and their consequences for events later in the annual cycle. This should preferably 

be done across several years, given the expected dynamics in rainfall, and thus 

food conditions.  

In our introduction, we emphasized the role of the wintering conditions in the 

process of annual cycle adaptation to climate change at the breeding grounds. Yet, 

their annual cycle adaptations require a broader perspective, since the wintering 
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grounds themselves are subject to large and very rapid environmental change, it 

will therefore be particularly urgent to focus future investigations also on their 

wintering grounds. Major reductions in woodland habitats in our study – 20% of 

woodland habitat disappeared in both sites within 6 months – only exemplifies the 

extreme and rapid changes taking place throughout Africa (Zwarts et al. 2009; 

Brink & Eva 2009; Vickery, Ewing & Smith 2014). This will likely impose 

additional or possibly even more rapid and therefore important selection pressure 

on their life-cycles. Thus although, studying wintering ecology of migrants at their 

highly dynamic wintering environments might not be the easiest task, it is urgent 

and provides many unexplored grounds that require further research.  
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End notes 
1  Rainfall data were obtained from Ghana Meteorological Services Department  
2 A finer scale sampling regime for pitfalls and flight traps was tried in the first sampling 

round. Samples were taken every 150m and we used four instead of three pitfalls. Pitfalls 

and flight traps were also only open during daytime (ca. 8 h) during the first sampling 

round, to target only day active arthropods. This sampling schedule appeared however too 

labour intensive and could not feasible be performed within a day, due to the amount of 

time it takes to open and close traps. We hence reduced the spat ial scale of our sampling 

scheme and only included every other point, and we opened all traps in the morning while 

leaving them open for a longer period, to reduce potential impact of within-day variation in 

arthropod activity.  
3 Trials in February with actively pouncing, pulling and shaking trees and branches to 

sample leaf and branch dwelling insects hardly yielded arthropods, and were therefore not 

included in the sampling scheme. It is possible that the low arthropod numbers during these 

trails in mid-February are in fact a reasonable proxy of the availability, rather than a failed 

sampling attempt (as we assumed). Using a similar sampling method, Salewski (1999) also 

found low arthropod numbers during prolonged periods with little rainfall at the wintering 

sites of pied flycatchers in Ivory Coast.  
4 LMM-repeatability were mostly estimated using a REML function, while a Baysian 

function was used in cases REML did not converge. 
5  Despite missing rainfall data (Oct, Nov, Dec 2010 not available) an above average annual 

rainfall sum of 1763 mm was already achieved by late September 2010 in Kintampo.  
6 The number of sampling locations for pitfall-traps was 9 rather than 10 for the open 

degraded savanna habitat, because of an opossum systematically digging up the traps. 
7  These models included tertial-moult index as covariate, since not all active moulting birds 

were in the same stage of feather growth. 
8 In early April the first pied flycatcher males already start to establish their territories in 

populations with an early breeding phenology, like in the Netherlands.  
9 This simple comparison implicitly assumes equal fuel conditions and migration duration; 

none of which is likely true, but data to show this is lacking. 
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SUPPLEMENTARY MATERIAL II 

 

Figure S1.  Size distribution of all arthropods sampled with sweep netting, flight-interception 

traps and pitfalls between 19 February - 22 April 2011 in Ghana, using the total numbers (i.e. 

combining Kintampo and Damongo in all sampling points and rounds). 
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Figure S2.  Temporal changes in abundance of various arthropod groups for different habitats in 

Damongo (solid symbols) and Kintampo (open symbols). Shown is the median (and 25-75% 

quartile) abundance across sampling locations for a-c) ‘other arthropods’ i.e. a range of taxa that 

were trapped at lower abundance, e.g. incl. Lepidoptera, Diptera, Orthoptera, Myriopoda and 

Odonata (body size ≥ 4 mm and <40mm), d) hymenoptera-ants, e) other hymenoptera and f) 

hemiptera (d-f: size ≥ 4 mm and <20mm). Abundance per method represents numbers sampled by 

sweep netting (# / 90 sweeps), flight-interception traps (# / 24h), and pitfalls (# / trap / 48h). 

Maximum number of sampling locations per round were 19 in Damongo (n = 1 open, n = 19 

woodland) and 20 in Kintampo (n = 4 woodland, n = 9-10 open
6
, n = 5 mixed).   
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Figure S3.  Temporal changes in the ratio of birds in different plumage. A ratio of zero indicates 

that 100% of birds observed that day had indistinct brown plumage, whereas a ratio of one 

indicates that 100% of birds were identifiable as male by typical male plumage characteristics 

(e.g. dark body feathers, forehead-patch, large wing patch). Data collected before the 1st of March 

(observations were not random) and days with less than 10 observations a day were excluded.  
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Abstract 

Understanding what drives or prevents long-distance migrants to respond to 

environmental change requires basic knowledge about the wintering and breeding 

grounds, and the timing of movements between them. Both strong and weak 

migratory connectivity have been reported for Palearctic passerines wintering in 

Africa, but this remains unknown for most species. We investigated whether pied 

flycatchers Ficedula hypoleuca from different breeding populations also differ in 

wintering locations in West Africa. Light-level geolocator data revealed that 

flycatchers from different breeding populations travelled to different wintering 

sites, despite similarity in routes during most of the autumn migration. We found 

support for strong migratory connectivity showing an unexpected pattern: 

individuals breeding in Fennoscandia (S-Finland and S-Norway) wintered further 

west compared to individuals breeding at more southern latitudes in the 

Netherlands and SW-United Kingdom. The same pattern was found in ring 

recovery data from sub-Saharan Africa of individuals with confirmed breeding 

origin. Furthermore, population-specific migratory connectivity was associated 

with geographical variation in breeding and migration phenology: birds from 

populations which breed and migrate earlier wintered further east than birds from 

‘late’ populations. There was no indication that wintering locations were affected 

by geolocation deployment, as we found high repeatability and consistency in δ13C 

and δ15N stable isotope ratios of winter grown feathers of individuals with and 

without a geolocator. We discuss the potential ecological factors causing such an 

unexpected pattern of migratory connectivity. We hypothesise that population 

differences in wintering longitudes of pied flycatchers result from geographical 

variation in breeding phenology and the timing of fuelling for spring migration at 

the wintering grounds. Future research should aim at describing how temporal 

dynamics in food availability across the wintering range affects migration, 

wintering distribution and populations’ capacity to respond to environmental 

changes. 
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Introduction 

Every year billions of songbirds migrate thousands of kilometres between Europe 

and sub-Saharan Africa (Moreau 1972; Hahn et al. 2009). To guide them on their 

journeys between breeding, staging and wintering sites, long-distance migrants use 

an endogenous spatiotemporal program, fine-tuned by external cues to time and 

direct their migrations (Gwinner 1996b; Berthold 2001). In many cases, migration 

between such distant habitats has evolved as a strategy to maximize fitness in 

seasonal environments: migrants profit from peaks in food abundance at their 

temperate breeding grounds but avoid harsh conditions in winter (Alerstam et al. 

2003). Yet, it is unclear how well these complex migratory life-styles are suited to 

successfully adapt to ongoing rapid environmental changes that many Afro-

Palearctic migrants currently face at different parts of their annual cycle (Knudsen 

et al. 2011; Vickery et al. 2014).  

The pied flycatcher Ficedula hypoleuca has become a model species to study 

annual cycle adjustments to climate change, with a strong emphasis on the 

ecological conditions at the breeding grounds (Møller et al. 2010). Despite being 

one of the ten most abundant passerines in the Afro-Palearctic flyway (Hahn et al. 

2009), our knowledge on their ecology and distribution outside the breeding season 

is very limited. It is known that pied flycatchers migrate in autumn primarily 

through the Iberian Peninsula, regardless of their breeding origin, before flying 

into West Africa (Lundberg & Alatalo 1992; Chernetsov et al. 2008). Yet we do 

not know how pied flycatchers from various breeding areas – with different time 

schedules – distribute once at their West African non-breeding grounds, and how 

these migratory connections affect the rest of their annual cycle or their capacity to 

respond to environmental changes. Here, we aimed to determine whether pied 

flycatchers from different areas in western and northern Europe mix or retain 

spatial structure at their wintering grounds with respect to their breeding location 

and breeding phenology.  

The links between breeding and non-breeding areas are defined quantitavely by 

the strength of migratory connectivity. Strong migratory connectivity occurs when 

birds from different breeding populations show little overlap in their population 

specific wintering sites, with most individuals within a breeding population 

migrating to the same nonbreeding location. Weak (diffuse) migratory connectivity 

occurs when individuals within breeding populations spread through several non-

breeding grounds and populations show strong overlap in their non-breeding 

distributions (Webster et al. 2002). 

A wide variety of migratory connectivity patterns has already been revealed 

from ring-recovery data: e.g. year round consistency of east-west distributions (i.e. 

parallel migrations), funnelling of individuals from a wide breeding range into a 

small geographical winter range or vice versa (telescopic or fan migration), chain 
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migration and leap-frog migration (Salomonsen 1955; Newton 2008). Although 

ring-recovery data still gives the most spatially accurate information, advances in 

tracking techniques have increased the speed by which we can elucidate 

distribution patterns and reveal migration schedules for populations of small 

migrants (Bridge et al. 2013; McKinnon et al. 2013). Isotope ratios of winter 

moulted feathers also have revealed population differences in wintering site use 

and have proved very helpful in mapping birds to broad isoscapes (examples in 

Ficedula flycatchers: Hjernquist et al. 2009; Hobson et al. 2012; Tonra et al. 2014; 

Veen et al. 2014). Since the first deployment of light-level geolocators (hereafter 

‘geolocators’) in migratory landbirds in 2007 (Stutchbury et al. 2009), distribution 

patterns of small landbirds become more widely available (McKinnon et al. 2013). 

Geolocators have the potential to reveal fine-scale distribution patterns that may 

not be evident among the broad-scale inferences that are generally yielded by 

intrinsic geographic markers like stable isotopes and DNA (Irwin et al. 2011; 

McKinnon et al. 2013). Recent studies reported both strong (Hahn et al. 2013) and 

weak migratory connectivity (Ambrosini et al. 2009; Kristensen et al. 2013; 

Lemke et al. 2013), but for most Afro-Palearctic passerines the pattern and 

strength of migratory connectivity is currently not known. 

In a recent review, Cresswell (2014) predicted weak migratory connectivity for 

populations of Afro-Palearctic passerines, based on the assumption that stochastic 

processes during orientation of first-time migrants would lead to wide spread of 

breeding populations over the African wintering grounds. However, actual data on 

wintering site-selection is often lacking. Pied flycatchers winter over a gradient of 

habitats and a wide span of longitudes in a highly seasonal environment (Morel & 

Morel 1992; Salewski et al. 2002b; Dowsett 2010). At least part of these pied 

flycatchers are faithful to their wintering sites in sub-Saharan Africa, where they 

fuel for spring migration (Salewski et al. 2000, 2002a). Although pied flycatchers 

arrive in autumn in lush and green conditions at their wintering s ites, these sites 

become progressively dryer during the season, and fuelling for spring migration 

takes place at the end of the dry season (Moreau 1972; Salewski et al. 2002c). 

Hence, wintering site selection can have important implications for other annua l 

cycle routines, for example via differences in migration distance, wintering food 

sources or spring fuelling conditions. The importance of wintering site -selection 

will likely increase, given widespread and ongoing habitat change of the Guinea 

savannah (Brink & Eva 2009) which negatively affects many migrants in winter 

(Ockendon et al. 2012; Vickery et al. 2014). 

In addition to conditions within the wintering range, wintering-site selection 

may be strongly influenced by an individuals’ time schedule. In the case of Afro-

Palearctic migrants, several studies highlighted the importance of accounting for 

such differences in individual migration schedules when trying to explain 

responses to environmental conditions during winter or migration (pied 

flycatchers: Both et al. 2006b; Both & te Marvelde 2007; Both 2010; multiple 



Migratory connectivity in European populations of pied flycatchers 

61 

species: Robson & Barriocanal 2011; Ockendon et al. 2012). If we aim to 

understand wintering distributions of migrants, it might therefore be important also 

to consider individual differences as well as population-level variation in 

migration phenology.  

In the present study, we investigated whether adult pied flycatchers from 

different breeding sites – with different breeding and migration phenology but 

converging autumn migration routes – show spatial separation in their West 

African wintering locations. We discuss these results mainly within the framework 

of Afro-Palaearctic migration, given that differences between flyways may yield 

very different patterns of migratory connectivity due to a variety of landscape level 

differences (e.g. range studied, habitat available, barriers and ecological dynamics; 

Cresswell 2014). In 2011 and 2012, we equipped breeding birds with geolocators 

to estimate timing of migration as well as non-breeding locations of birds from 

four sites in Europe: S-Finland, S-Norway, the Netherlands and SW-United 

Kingdom. Geolocators rely on accurate measurements of light levels to infer the 

timing of sunrise and sunset, which in turn allows for estimates of longitude and 

latitude (Lisovski et al. 2012b). Latitude cannot be reliably estimated close to the 

spring and autumn equinoxes. Moreover, for woodland birds like pied flycatchers, 

(variable) shading in the habitat can compromise location estimates, especially 

with regard to latitude (Lisovski et al. 2012b). Fortunately, estimates for longitude 

are relatively accurate and are particularly meaningful within the known wintering 

range of pied flycatchers, which spans ∼ 4000 km from east to west (while 

covering only a narrow latitudinal band; figure 1). Longitude estimates can also 

provide a proxy for migration routes if the migrations are not solely in N-S 

direction but also include an E-W component. The emphasis of this study was to 

describe the wintering longitude distribution in relation to the breeding longitude 

and latitude, breeding phenology, and migration phenology of the individual and 

its breeding population. 

Since deployment of geolocators can sometimes affect the normal behaviour of 

birds tracked by geolocation (Costantini & Møller 2013; Scandolara et al. 2014) it 

is important to assess potential negative effects and, if possible, the reliability of 

the geolocation data. Therefore we also describe the wintering distribution by an 

independent data set of ring recoveries from the non-breeding season in sub-

Saharan Africa from pied flycatchers with a known breeding origin (1971–2008). 

Furthermore, we assessed geolocator impact on wintering site use (e.g. location, 

habitat) within individuals by comparing stable isotope ratios of winter moulted 

feathers in the year before and during geolocator deployment. Pied flycatchers 

undergo pre-breeding moult by the end of the winter, including tertial feathers 

(hereafter ‘tertials’) (Jenni & Winkler 1994; Salewski et al. 2004). Although the 

relative differences of isotope ratios of carbon and nitrogen (hereafter respectively, 

δ13C and δ15N) in these tertials do not provide a direct measure of the spatial 

wintering location, they do carry an inert isotopic fingerprint that reflects the 
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isotopic composition of the conditions during moult (Hobson & Wassenaar 2008). 

Pied flycatchers are known to have high winter-site fidelity (Salewski et al. 2000, 

2002a), and an earlier explorative analysis showed high repeatability in wintering 

ground feather isotope ratios between years (JO unpubl.). We reason that if 

carrying a geolocator affects wintering site selection or use, then we should 

observe lower repeatability in feather-isotope ratios within tracked individuals 

compared to control individuals. 

Material and methods 

Study sites, geolocator deployment and recovery  

Adult breeding pied flycatchers were equipped with light-level geolocators during 

2011 and 2012 in four European nest box populations that vary in geography and 

breeding phenology (figure 1, Table 1): east Dartmoor in SW-United Kingdom 

(UK: 50.6°N, 3.7°W), Drenthe in the  Netherlands (NL: 52.8°N, 6.4°E), Oslo in S-

Norway (NO: 60.0°N, 10.6°E) and Ruissalo in S-Finland (FI: 60.2°N, 22.2°E). 

Birds were tracked using different types of geolocators: MK6540C (BAS, Dorset, 

UK) in UK, OU-Cornell (Univ. of Oklahoma, Cornell Univ., US) in NL, 

IntigeoW50B1 (Migrate Technology, Cambridge, UK) in NO and SOI-GDL2 

(Swiss Ornithological Inst., Sempach, CH) in FI. The SOI-GDL2 geolocator was 

the only one with a 5 mm long light-stalk. Geolocators weighed between 0.55–0.65 

g including harness. A leg-loop harness was used to attach the device to the bird’s 

back (Rappole & Tipton 1991). Geolocators were attached to adult birds prior to 

chick fledging (chick age 6–15 d), by capturing them in the nest box during chick 

feeding. Upon capture, individuals were ringed with an aluminium ring (if 

unringed), anodised coloured ring or additionally fitted with one or two colour -

rings to allow recognition of individuals upon return in the next year. For all b irds 

we recorded first egg laying date, body mass, age and sex. In most study sites, only 

males were equipped with geolocators because males show more breeding site -

fidelity than females (Lundberg & Alatalo 1992). Body mass of the birds at the 

time of geolocator deployment varied between 11.2–13.5 g. Geolocator mass 

corresponded to an average of 4.9% of the individuals’ body mass (Table 2). To 

retrieve geolocators, we searched for and recaptured birds within the study 

populations at the start of the breeding seasons 2012 and 2013. In total 44 birds 

returned that were equipped with geolocators (two females and 42 males of which 

two lost their device), but only 14 geolocators (35%) contained enough data to 

estimate wintering locations (Table 1–2). 

Geolocator analysis 

Clock-drift correction, filtering of twilight data  

Data from geolocators were downloaded and linearly corrected for clock-drift if 

the drift exceeded one minute. Post-hoc inspection of geolocation data for signs of 
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continuous longitudinal drift in one direction during stationary periods did not 

reveal clock drift problems (for details on clock drift in geolocation data, see 

Supplementary material Appendix 1). The light threshold was set slightly above 

the baseline value (i.e. just above darkness) using TransEdit (BAS) to define 

sunset and sunrise times from light-intensity data. Threshold values varied between 

geolocators (range 1–16) due to differences in geolocator type (i.e. light sensors 

and scales to record light intensity differed among device types) and variation in 

shading. Aberrant twilight events were removed by manual and standardized 

filtering procedures (Supplementary material Appendix 1). We further filtered 

transition data by removing all twilight events during the wintering phase that  led 

to day lengths outside the 50–99% distribution of day lengths (i.e. removing days 

with severe shading). Since (minor) seasonal changes in day length occur in the 

wintering areas, we performed filtering on a monthly basis for each geolocator 

separately.  

The corrected and filtered transition data (i.e. sunset and sunrise times) were 

used to estimate timing of migration and positions (longitude, latitude).  

Timing of migration  

The annual cycle was divided into four phases: breeding, autumn migration, 

wintering and spring migration. The breeding phase lasted until the bird started its 

autumn migration, and included breeding and post-breeding moult. For geolocators 

that were still working upon retrieval (n = 8 out of 14), a second, short breeding 

phase was defined from arrival upon return (defined from geolocation data) until 

birds were recaptured at the breeding grounds. Timing of arrival at the breeding 

site derived from geolocation was often very similar to field observations of arrival 

date (Table 2). The wintering phase refers to non-breeding residency in sub-

Saharan Africa in the boreal winter (hereafter ‘wintering’): from arrival at the 

wintering grounds until birds started spring migration. The autumn and spring 

migration (including stopovers) were defined as phases associated with major 

changes in twilight times that refer to south-westward movements during  summer 

and autumn, and northward migration in spring. These major changes in sunset -rise 

times were extracted using the changeLight-function in the R-package GeoLight 

(Lisovski et al. 2012a), setting the minimal stopover period to three days and the 

quantile probability threshold (Q) to 0.95. The output from these analyses was 

used to decide which periods needed to be pooled into one of four annual  cycle 

phases. In addition, we manually checked whether autumn migration was 

recognized by changeLight for each tracked bird. If movements were not 

recognized by changeLight (mainly gradual autumn migration), we defined end 

and start dates of movement phases based on visual inspection of changes in 

twilight times, latitude and longitude. 

 



Chapter 3 

64 

Geolocation positions, reliability of estimates  

Wintering locations of 14 male pied flycatchers were  estimated from geolocation 

transition data: 2 from UK,  7 from NL, 1 from NO, 4 from FI (Supplementary 

material Appendix 2, Table A2). Longitudes are estimated using the  noon and 

midnight time from the geolocator relative to  Coordinated Universal Time (UTC). 

Latitudes were inferred via various calibration procedures that  describe the relation 

between the measured day length in the transition data and latitude by finding the 

correct sun elevation angle (SEA). 

For each bird we calculated the median (Q2) wintering location and the 25–

75% quartiles (Q1–Q3) of geolocation estimates (i.e. which are depicted as 

wintering ellipses). The precision of geolocation was described by the lower and 

upper quartile differences in degrees relative to the median (∆Q2–Q1, ∆Q3–Q2). 

Moreover, we calculated geolocation accuracy over two breeding seasons, since 

differences between years may also give rise to biases in  longitude associated with 

geolocator type or clock drift. More details on the geolocator analyses, calibration 

procedures and an overview of accuracy and precision over different periods 

during breeding and wintering (with and without daylength filtering) can be found 

in the Supplementary material Appendix 2, Table A1–A2.  

Unfortunately, wintering latitude estimates were, on average, imprecise. The 

known core wintering range of pied flycatchers (Dowsett 2010) with respect to 

latitude is roughly 6° wide (at maximum), while the latitude precision during the 

whole winter was on average 3.22° for ∆Q2–Q1 (358 km) and 2.76° for ∆Q3–Q2 

(308 km) when excluding 15 d either side of equinoxes (n = 11, if Hill–Ekstrom 

(i.e. HE) calibration could be performed). Since HE calibration procedures were 

not always successful, we could not obtain reliable latitude estimates for all 

geolocators in our dataset in a way that estimates were unbiased towards breeding 

ground conditions (see Supplementary material Appendix 1, 2 for details on 

geolocator analyses). Even for birds where HE calibrations were performed, the 

resulting median wintering latitudes ranged between 4.4–16.9°N (n = 11), which 

clearly exceeded the latitude range shown for ring recovery data (this study) as 

well as the main wintering range known for pied flycatchers (figure 1: wintering 

range after Dowsett 2010). Latitude estimates can be inaccurate and imprecise if 

shading is common and variable (Lisovski et al. 2012b), as in our study. The 

severity of shading differed over the year, between individuals and among types of 

geolocators used (thus populations). Restricting analyses to the highest quality data 

sets was not a viable option given the overall sample size and uneven 

representation of the study sites. Hence, we relied solely on geolocation estimates 

of longitude to approximate migratory routes and to infer migratory connectivity.  

The precision of longitude was on average 0.80°/87 km (∆Q2–Q1) and 0.76°/84 

km (∆Q3–Q2), using day-length filtered data over the whole wintering phase (n = 

14). Although the longitude precision was influenced by severe shading we are 

confident that our median estimates of wintering longitude were not impaired by 
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shading events, given that median wintering longitudes changed little with or 

without day-length filtering (whereas latitude medians shifted substantially; 

Supplementary material Appendix 2, Table A2). The geolocation accuracy of 

longitude was on average 71 km (range 4–325 km): i.e. average differences of the 

known position (nest box) to the median position in the breeding phase. 

Geolocation accuracy fluctuated within populations, but not consistently between 

populations (Supplementary material Appendix 2, Table A1), which implies that 

the reliability of geolocation estimates of longitudes are not dependent on the type 

of device used or the amount of clock drift corrected for. Also the estimated 

accuracy upon return (year t + 1) differed on average only 59 km (range 14–111 

km, n = 8) from the accuracy in year t (Supplementary material Appendix 2, Table 

A1), even though this second breeding phase is only very short ( figure 4). Hence 

we are confident that the longitude estimates among different populations are 

comparable and not impaired by the use of different devices between populations. 

To improve the precision of wintering longitude we used a core period in winter 

from 15 Nov to 15 Feb, if geolocators worked at least until 15 Feb (n = 11). If 

geolocators stopped working before 15 Feb (n = 3), we used the whole available 

wintering period. During the core period in winter the (variation in) shading was 

less pronounced compared to the start of the wintering phase, likely because of 

trees shedding their leaves in late winter. Using the core rather than the whole 

wintering period thus improved the precision of longitude estimates 

(Supplementary material Appendix 2, Table A2).  

For all calculations on migratory connectivity in geolocation data we used the 

median longitudes of day-length filtered data of the core wintering phase, or day-

length filtered data of the whole available wintering period for geolocators that 

stopped working before 15 Feb. 

Ring recovery data  

In addition to geolocation longitudes, we described wintering distributions and 

migratory connectivity using ring recovery data. Pied flycatcher ring recoveries 

(1971–2008) from the African wintering grounds of birds ringed at breeding 

locations were obtained from the EURING database (www.euring.org). We 

additionally included a Norwegian bird ringed as nestling and recovered in south-

western Guinea (coordinates inferred from Bakken et al. 2006). The core wintering 

range of pied flycatchers ranges from Cameroon to western Sierra Leone (Dowsett 

2010), while there are very few confirmed records of pied flycatchers in east 

Africa (Pearson 1998; Dowsett 2010) where they can easily be mistaken for other 

Ficedula flycatchers or hybrids. Hence, we excluded one record of a Swedish bird 

recovered in Uganda as being an outlier. We restricted our dataset to recoveries of 

birds found in winter south of 20°N for which the natal or breeding origin (ringed 

as nestling, nesting or breeding) was confirmed. This meant exclusion of several 

birds: one from the UK recovered in the Central Africa Republic (Wernham et al. 
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2002), one from France recovered in Nigeria, and all recoveries with EURING 

status ‘P’ (i.e. passing through). The remaining 11 birds are depicted by two 

different symbols in graphs, since the certainty of wintering status is higher for the 

six birds recovered ‘freshly dead’ in December to early March than for five birds 

recovered in late April, late September or October (n = 3 from UK and Germany), 

or if exact recovery dates were unknown (n = 2). We treated all 11 birds as 

‘wintering’, since the recovery locations were within the pied flycatcher wintering 

range and their status and body condition (e.g. fat score, if available) did not 

suggest these birds to be transients. 

Geolocator impact, feather collection  

Carrying a geolocator has been shown to affect local return rates (Costantini & 

Møller 2013), and may also result in aberrant behaviour and wintering site choice. 

Comparing return rates in this study is problematic because different geolocators 

types were used (device type was confounded with population) and because of 

methodological differences in field data collection (e.g. recapture effort, selection 

of control and geolocator birds). Table 1 shows return rates of birds with and 

without a geolocator (i.e. controls) in each population. Control birds existed of 

birds marked with one or more colour rings that were selected based on similarity 

to birds with geolocators (sex in all cases; for timing of breeding and age in UK; 

for subarea in NL). If proper controls were lacking for the year of geolocation (FI) 

or return rates of controls were considered abnormal for that population and year 

(UK), we reported the return rates of same sexed ‘ringed only’ individuals during 

the years of geolocation (UK) or during a wider time interval (FI: 2005–2010). The 

heterogeneity in device use and data collection mainly occurred because the field 

data were not collected with the purpose of performing a comparative study.  

If geolocators affect wintering site choice, then there may be differences in 

stable isotope ratios of winter grown feathers within birds which that indicate that 

they used different wintering sites from one year to the next. Individual flycatchers 

have been shown to have high winter site philopatry (Salewski et al. 2000, 2002a), 

and this phylopatry is associated with high repeatability of stable isotope ratios 

(δ13C and δ15N) in the winter-grown feathers of individuals without geolocators 

(Hjernquist et al. 2009; JO unpubl.). If carrying a geolocator influences wintering 

site selection, we would expect the isotope ratios of the feathers grown during the 

winter with the geolocator to differ from feather isotope ratios associated with the 

previous winter (i.e. lowering the repeatability and individual consistency). Hence, 

we analysed winter-moulted mid-tertial feathers both in the year of geolocator 

deployment (year t), and upon recovery in the next year (year t + 1) for δ13C and 

δ15N. We compared 21 birds with geolocators (also including some that failed to 

record data) to 17 control birds for which feathers were available from the same 

years and that were similar to tracked birds in sex and breeding origin (and age, if 

known). For Norwegian birds, feathers were not collected in both years.  
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Stable isotope analysis  

Tertial feathers were cleaned of organic contaminants using hexane and were then 

air dried. The feather tip was cut into small fragments using scissors and loaded 

into tin cups. Samples (350–700 mg) were analysed for their stable carbon 

(13C/12C) and stable nitrogen isotope ratio (15N/14N) at the NIOZ Royal 

Netherlands Inst. for Sea Research, the Netherlands. The stable isotope ratios were 

determined with a Thermo Scientific Flash 2000 Elemental Analyser coupled to a 

Thermo Scientific Delta V Advantage isotope ratio mass spectrometer. Results 

were expressed in standard δ-notation relative to Pee Dee Belemnite (v PDB) for 

δ13C and atmospheric N2 for δ15N values. The maximum recorded deviations as 

determined using laboratory standards calibrated by certified international 

reference samples were in all cases < 0.2‰ for δ13C and < 0.3‰ for δ15N values. 

Statistical analysis 

We evaluated migratory connectivity using geolocation data (n = 14) and ring 

recovery data (n = 11). For ring recoveries both wintering longitude and latitude 

were used; whereas for geolocation data only wintering longitudes could be used to 

study migratory connectivity. For recovery data wintering longitude and latitude 

were studied using linear models (LM), because breeding origins of ring-recovered 

birds were spread in time and space (and hence assumed to be independent). For 

geolocation data, birds tagged in the same breeding populations lack independence, 

so we tested for breeding site ‘dependence’ among birds’ wintering longitudes 

using likelihood ratio tests performed on linear-mixed-effect models (LMM) with 

and without breeding population as a random intercept.  

Although the number of birds per population tracked by geolocation is small 

and variable, we attempted to quantify the strength of migratory connectivity us ing 

a novel method that compared the average estimated nearest-neighbour distances 

(NND) among birds from the same breeding population during the non-breeding 

period to the average distances among populations on the wintering grounds (Hahn 

et al. 2013). To conduct these distance calculations without depending on 

unreliable latitude estimates (also see Supplementary material Appendix 1–2) we 

calculated means and NND from individuals’ median longitudes while setting all 

population mean wintering latitudes to 9°N (i.e. the middle latitude of the ring 

recovery wintering range). All distances were calculated as great-circle distances. 

Because breeding populations differ in many aspects, such as breeding latitude, 

longitude and breeding phenology, we next explored which geographical 

components contribute most to the observed migratory connectivity. To do so, we 

conducted separate analyses relating the population wintering locations in relation 

to breeding population longitude, latitude and breeding phenology (phenology 

information was available only for geolocation data). We characterized large-scale 

population differences in breeding phenology based on population mean egg laying 

dates over a four-year period (2011–2014). We used a four-year annual mean 



Chapter 3 

68 

because this metric is less sensitive to annual differences in local conditions than 

year-specific mean dates, and not depending on the timing of specific individuals 

in our small set of geolocator fitted birds. 

Although breeding phenology in pied flycatchers covaries with population 

breeding latitude, longitude and altitude (Both & te Marvelde 2007), breeding and 

migration phenology also vary considerably between individuals within 

populations. Therefore, we tested whether observed variation in wintering 

longitudes was also associated with five components of the annual cycle for 

individual birds: 1) egg laying date, 2) start of autumn migration, 3) arrival at the 

wintering site, 4) start of spring migration, 5) arrival at the breeding site (2–5 

derived from geolocator data) using LMs. We explored the explanatory power of 

the between- and within-population variation in the association between wintering 

longitudes and timing components by comparing models with (LMM) and without 

breeding population (LM) as a random intercept included, by using likelihood ratio 

tests to test for significant improvements to linear models. For each LMM, the 

contribution of the fixed factor (e.g. a timing component) was expressed by the 

marginal R² that describes the proportion of variance explained by the fixed effect 

alone in the LMM. The conditional R² includes also variance explained by the 

fixed and random effects in the LMM. 

We tested for repeatability in δ13C and δ15N values of winter-moulted feathers 

from the winter prior to and after geolocators were deployed. Repeatability (i.e. R 

value) is defined as the proportion of the total variance accounted for by 

differences among individuals. Linear mixed-effect (LMM) repeatability analyses 

were performed separately for birds with and without geolocators, using a LMM 

repeatability analysis with a MCMC function from the R-package ‘rptR’ 

(Nakagawa & Schielzeth 2010). To test if the repeatability differed significantly 

between groups (geolocator vs control) we calculated the mean over the 

differences from the MCMC chain estimates between both groups which describes 

the approximate confidence interval. All results for repeatability calculations were 

obtained using δ-values  expressed relative to the population mean (both years 

combined), since populations mean δ-values  were not always independent (δ13C: 

𝑋1
2 = 2.41, p = 0.12; δ15N: 𝑋1

2= 7.58, p = 0.006). However, in figure 5 the raw data 

are shown, since absolute δ-values  are more informative than relative δ-values . 

Similarity among R values do not necessarily indicate high consistency, 

because R values are made up of both inter-and intra-individual variation 

(discussed in Conklin et al. 2013). Therefore we also described inter-and intra-

individual variation separately. For the inter-individual variation in δ-values  

among birds in each group (geolocator, control) we pooled all observed values 

across the two annual cycles (two per bird) and calculated the range (i.e. the 

difference between the lowest and highest δ-values ). To describe intra-individual 

variation in δ-values within birds in each group we used the difference between the 
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first and the second year for each individual and calculated the mean and SD 

across all individuals in each group (geolocator, control).  

Furthermore, we explored whether longitudes obtained from geolocation were 

related to δ13C and δ15N values in the corresponding winter. For this analysis we 

ran separate models with δ13C and δ15N as fixed effects and compared models with 

and without breeding population as a random intercept included (by likelihood 

ratio tests). All statistical analyses were performed in R, ver. 3.0.1 (R 

Development Core Team). 

Results  

Return rates of geolocator birds ranged between 0.04–0.42 and were in most cases 

lower than the control group or, if proper controls were lacking, the expectation 

from population specific return rates (Table 1). But for males in Drenthe  the return 

rate over 2011–2012 was higher for birds with a geolocator than for control birds.  

Wintering sites, migratory connectivity  

All 14 males tracked by geolocation spent the European winter in the western part 

of the pied flycatchers’ wintering range in West Africa (figure 1A) between 4.4–

14.2°W. Ring recovery data south of the Sahara were congruent with this pattern 

(figure 1B): pied flycatchers from western or north-western European breeding 

populations were recovered during winter (December–March, 1971–2008, n = 11) 

between Guinea and Ghana (0.3–12.4°W), in a narrow latitudinal band (7.1–

11.3°N).  

We found clear indications for migratory connectivity in pied flycatcher 

populations, since ‘breeding population’ as a random intercept explained 

considerable variance in wintering longitude (LMM: 𝑋1
2 = 6.40, p = 0.011, R2 = 

0.38). The Norwegian bird wintered in western Guinea (or possibly Guinea-

Bisseau) about 381 km west of the mean longitude of all Finnish birds (or 263 km 

when excluding one Finnish bird wintering in Ivory Coast). The two birds from the 

UK wintered in Liberia or south-eastern Guinea and overlapped somewhat with the 

Dutch birds (that concentrate around western Ivory Coast), wintering on average at 

a distance of, respectively, 562 and 789 km east of the Norwegian bird. 

Furthermore, the distance within populations (measured from nearest-neighbour 

distances of individuals within populations) was considerably less than the average 

distance between populations (boxplot inset in figure 1A), implying strong 

migratory connectivity.  
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Figure 1. [Right] Wintering locations of 

pied flycatchers were inferred from (A) 

geolocators deployed in four breeding 

areas, and (B) ring recoveries south of the 

Sahara of birds with confirmed breeding 

origins. In (A), polygons indicate 25–75% 

quartile ranges around the filtered median 

geolocation position from 15 November to 

15 February (n = 11) or from winter arrival 

until the geolocator stopped working (n = 

3). Dashed polygons indicate that the 

estimate for latitude is very uncertain (i.e. 

the Hill–Ekstrom calibration procedure 

during winter was not successful). The 

inset in (A) describes the strength of 

migratory connectivity by the wintering 

distances between populations in relation 

to the wintering distances between 

individuals within a particular population 

(box plots with median and quartiles, in 

km). For Norway no within population 

distance could be calculated (as n = 1). In 

(B), filled dots mark the natal or breeding 

location, and the recovery location of birds 

found ‘freshly dead’ in December–early 

March. Open symbols indicate wintering 

recoveries during September–October, 

April, or unknown exact date. Dark grey 

areas show the wintering range (after 

Dowsett 2010) and the breeding range of 

pied flycatchers (nb atlas flycatcher 

Ficedula speculigera is not shown). 



Migratory connectivity in European populations of pied flycatchers 

71 

 



Chapter 3 

72 

 

Figure 2.  Breeding area longitude and latitude in relation to wintering longitude based on 

geolocation positioning (A, B) and ring  recoveries (C, D). Black dots in C-D mark recoveries 

south of the Sahara of pied flycatchers with a confirmed breeding origin that were reported 

‘freshly dead’ in December – early March. Open symbols indicate recoveries in September–

October, April, or exact date unknown. Lines indicate a trend (p < 0.1; dashed line) or significant 

effect (p < 0.05; solid line) in the linear mixed model (B) or linear model (D). For visibility, 

overlapping data points (in A, B) are slightly shifted along the x-axis. 

 

 

The observed wintering longitude distribution of pied flycatchers tracked by   

geolocation  tended  to associate with breeding latitude of  the  population ( LMM:  

β = –0.45, 𝑋1
2 = 3.59, p = 0.058, marginal R² = 0.32), rather than with breeding 

longitude (LMM: β = –0.10, 𝑋1
2 = 0.67, p = 0.41, marginal R² = 0.06; figure 2A). 

Figure 2B shows that birds from more northern breeding latitudes (FI, NO) 

wintered further west than birds from more southern breeding latitudes (NL, UK). 

Further support for a breeding latitudinal gradient on migratory connectivity came 

from ring recoveries; the recovery longitude of pied flycatchers in sub-Saharan 

Africa was negatively correlated with breeding latitude (LM: β = –0.41, t9 = –2.40, 

p = 0.040; figure 2D), but not with breeding longitude (LM: β = –0.13, t9 = –1.33, 

p = 0.22; figure 2C). The recovery latitudes of pied flycatchers in winter did not 

show an association with the latitude or longitude of the breeding population (LM, 

respectively: β = 0.10, p = 0.15; β = 0.05, p = 0.15). We cannot perform a 

comparable analysis with geolocator data as we lack accurate latitudinal estimates.  
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Timing of migration and breeding  

The breeding populations we sampled differ in breeding phenology (Table 1). 

These timing differences were also found in individuals tracked by geolocation and 

extended to other phases of the annual cycle (Table 2). On average, flycatchers 

from UK and NL had laid their eggs 17 d earlier, started autumn migration 13 d 

earlier, and arrived 22 d earlier at their wintering grounds than the more northerly 

breeding populations from Fennoscandia (FI, NO). Within these populations there 

was also considerable variance in timing of egg laying, autumn migration and 

especially wintering arrival (SD of pooled data: respectively 8.3, 7.9, 18.5 d in 

UK/NL; 1.3, 5.9, 6.4 d in FI/NO). 

Wintering longitudes correlated with large-scale differences in breeding 

phenology (LMM: β = –0.21, 𝑋1
2= 6.08, p = 0.014, marginal R2 = 0.48, conditional 

R2 = 0.72) in which earlier breeding populations wintered further east (figure 3A). 

Similarly, individual birds that wintered further west laid eggs later (LM: β = –

0.14 d–1, t12 = –2.78, p = 0.017) and started autumn migration later (LM: β = –

0.18, t12 = –2.76, p = 0.017) than birds wintering at more easterly longitudes 

(figure 3A–B). Later in the annual cycle the association between timing and 

wintering longitude faded (LM: winter arrival β = –0.07, t12 = –1.88, p = 0.08, 

figure 3C; breeding arrival β = –0.02, t6 = –0.15, p = 0.89, figure 3E), but note that 

sample sizes shrank as well. Although non-significant, we found a similar slope of 

wintering longitude on spring departure, again suggesting that individuals that 

departed earlier from the wintering grounds wintered at more easterly longitudes 

(LM: spring departure β = –0.21, t7 = –1.51, p = 0.18, figure 3D). Including 

breeding population as a random factor reduced the fit between timing and 

wintering longitude for most events (LMM: egg laying β = –0.05, 𝑋1
2 = 1.82, 

marginal R2 = 0.05, p = 0.18; autumn departure β = –0.10, 𝑋1
2 = 1.77 marginal R2 = 

0.10, p = 0.18; spring departure β = –0.21, 𝑋1
2 = 2.20, marginal R2 = 0.19, p = 

0.14; other events: p = 0.5, marginal R2 < 0.005). Although these results may 

suggest that timing of the annual cycle is mostly associated with the non-breeding 

longitude on a population level, our small and variable sample sizes reduced the 

power to allow a good assessment within populations. 

Migration direction, duration  

After the breeding phase all tagged birds showed clear westward heading values 

during southbound autumn migration, regardless of their breeding origin ( figure 4). 

Although our ability to precisely define longitudes varied somewhat among birds 

(figure 4) the data suggest that each individual headed as far west as 14–17°W at 

some point during autumn migration, which could indicate they follow the coast of 

West Africa during part of their journey. After this south and west-ward migration, 

some (especially UK, NL) birds changed longitude direction to the east to arrive at 

their wintering sites, while others (mostly FI, NO) remained at these western 

longitudes for the rest of the winter. 
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During northbound spring migration, most birds gradually headed eastwards and 

none clearly headed west-ward (figure 4). 

The total duration of autumn migration took 41 d (± 14 SD; n = 14) about twice 

as long as spring migration (18 ± 5 d, n = 9). Birds spent on average 189 (± 14 SD) 

days at their wintering grounds (range 159–210, n = 9; Table 2). 

 

 

 

 

 

 

Figure 3.  Timing differences in the annual cycle of pied flycatchers in relation to wintering 

longitude. Variation in wintering longitude is shown in relation to differential timing of (A) egg 

laying date, (B) start of autumn migration, (C) arrival at the wintering grounds, (D) departure 

from the wintering grounds, (E) arrival at the breeding grounds. Solid symbols represent annual 

cycle events on an individual level, as inferred from field observations (A) or geolocation (B–E). 

The associated lines indicate a trend (p < 0.1; dashed line) or significant effect (p < 0.05; solid 

line) in the linear model. Open symbols (and short line) in (A) refer to the population mean egg 

laying date over 2011–2014. The short dark grey line in (A) indicates a significant effect (p < 

0.05) in the linear mixed model. For visibility, overlapping data points (in A) are slightly shifted 

along the x-axis. 
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Figure 4.  Estimated longitudes obtained by geolocation for male pied flycatchers originating 

from Finland (FI); Norway (NO), the Netherlands (NL) and United Kingdom (UK). Migration 

periods are shown in light grey. Black dots refer to the wintering phase, while the breeding phase 

is shown in population-specific colours.  
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Wintering isotope ratios, geolocator impact 

Repeatability of wintering δ-values of pied flycatchers was high for δ13C 

(geolocator: R = 0.80 ± 0.10; control: R = 0.56 ± 0.17) and δ15N (geolocator: R = 

0.82 ± 0.09; control: R = 0.88 ± 0.07) suggesting similarity in wintering conditions 

across the two years. Birds with and without geolocators did not differ 

significantly in wintering repeatability in δ13C (p = 0.21) or δ15N (p = 0.53) (figure 

5). The range in δ-values (i.e. inter-individual component of R) in birds with a 

geolocator (span: δ13C = –23.3‰ to –19.6‰; δ15N = +6.3‰ to +11.9‰) was very 

similar compared to birds without a geolocator (range: δ13C = –23.3‰ to –19.8‰; 

δ15N = +6.5‰ to +12.4‰). Furthermore, individual consistency was similar for 

birds with geolocators (∆δ13C: –0.35 ± 0.45‰; ∆δ15N: –0.11 ± 0.45‰) and birds 

without (∆δ13C: –0.23 ± 0.63‰; ∆δ15N: –0.13 ± 0.70‰), as measured from the 

shift (mean ∆ ± SD) in an individuals δ-value from one year to the next. This 

suggests similar among and within individual variation in wintering conditions for 

birds with and without a geolocator. 

Figure 5.  The δ13C (A) and δ15N values (B) indicate wintering conditions of individual birds in 

the year before (year t) and the year of geolocator deployment (year t + 1), as measured from 

winter-moulted tertials. Filled symbols refer to birds with geolocators (incl. devices that contained 

no data). Open symbols refer to control birds of similar sex, age (if known) breeding location and 

years. The dashed line shows the x = y-line. For Norwegian birds, no feathers were collected. R-

values refer to absolute repeatability and standard error of pooled data (with and without 

geolocator) calculated from the relative isotopic δ-values around the overall population mean. 

Median wintering longitude of an individual was not correlated to δ-values in 

tertials that had been moulted in the winter of geolocation, year t + 1 (LM: δ13C: β 

= 0.52, t9 = 0.64, p = 0.54; δ15N: β = –0.01, t9 = 0.02, p = 0.98, Supplementary
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material Appendix 2, figure A1). When breeding population was included as a 

random intercept again no clear correlation was found between wintering longitude 

and δ-values  in winter-moulted tertial feathers: δ13C (LMM: β = 0.01, 𝑋1
2 = 0.01,

marginal R2 = 0.001, p = 0.92) and δ15N (LMM: β = 1.61, 𝑋1
2 = 2.30, marginal R2

= 0.19, p = 0.13). 

Discussion 

Our study describes how pied flycatchers from different European breeding sites 

distribute themselves across their West African wintering grounds. The longitudes 

at which pied flycatchers spent the winter were associated with the latitude of their 

breeding site, but not with breeding site longitude. Geolocator data and ring 

recoveries showed a similar pattern in which Fennoscandian populations settled in 

the westerly part of the species’ wintering range, and western European 

populations more to the east. Although local return rates of birds with geolocators 

were generally lower than controls (see also Costantini & Møller 2013; Gómez et 

al. 2014), we are confident that the general migratory connectivity pattern is not an 

artefact of carrying a geolocator because of the consistency with ring recoveries. 

Moreover, δ13C and δ15N values were highly repeatable and consistent in 

geolocator and control birds during the winter, indicating that birds (with and 

without geolocators) tend to reencounter similar conditions in subsequent winters. 

This high repeatability and consistency of δ-values in winter fit well with previous 

findings from stable isotope studies (Yohannes et al. 2007; Hjernquist et al. 2009) 

and more direct descriptions of wintering site-fidelity in pied flycatchers (Salewski 

et al. 2000, 2002a) and many other long-distance migrants (Curry-Lindahl 1981; 

Zwarts et al. 2009; Cresswell 2014). 

We did not expect strong migratory connectivity because all pied flycatcher 

populations are assumed to travel through the Iberian Peninsula in autumn (Bibby 

& Green 1980; Lundberg & Alatalo 1992; Chernetsov et al. 2008). All tracked 

birds headed far west (approx. 14–17°W) after which some changed heading 

direction to the east, while others stayed at westerly longitudes. As inferred from 

these longitude patterns pied flycatchers probably diverge only fairly late during 

autumn migration. Radar and catching data corroborate this pattern and show that 

pied flycatchers continue in a south-western direction until reaching the south- 

western border of the Sahara, where they shift direction (‘Zugknick’) to the south 

or east-south-east (Salewski & Schaub 2007; Liechti et al. 2012). In spring, birds 

changed their longitudes more gradually (no clear shifts) suggesting that they 

migrated more directly towards the breeding grounds (implying counter -clock wise 

loop migration). 

The strong migratory connectivity found in pied flycatchers contrasts with 

weak migratory connectivity described for several Afro-Palearctic passerines such 

as common redstarts Phoenicurus phoenicurus (Kristensen et al. 2013), great reed 



Migratory connectivity in European populations of pied flycatchers 

79 

warblers Acrocephalus arundinaceus (Lemke et al. 2013) and barn swallows 

Hirundo rustica (Ambrosini et al. 2009; Liechti et al. 2014). Moreover, the 

distribution pattern was notably different from other Afro-Palearctic landbirds 

where parallel migratory connectivity (e.g. in common nightingales Luscinia 

megarhynchos (Hahn et al. 2013) and Montagu’s harriers Circus pygargus 

(Trierweiler et al. 2014)), but also leap-frog migration patterns have been found 

(yellow wagtails Motacilla flava (Bell 1996)). The only study that we are aware of 

that showed a similar pattern – with more northern populations wintering more 

westward than southern breeding populations – demonstrated this pattern in a 

neotropical migrant (black-throated blue warblers Setophaga caerulescens) using 

stable isotopes (Rubenstein et al. 2002). 

The birds in our study all had a north-western breeding origin, whereas no data 

were available for birds with a southern or eastern breeding origin. Furthermore, 

many pied flycatchers winter east of the longitudes observed in our study (in 

Ghana, Nigeria and Central African Republic: Dowsett 2010). A recent stable-

hydrogen assignment study revealed that pied flycatchers wintering in Ghana most 

likely originate from breeding locations in the central part of the breeding range 

with respect to latitude (Tonra et al. 2014). Another stable-isotope assignment 

study on Ficedula flycatchers from south Sweden found a high likelihood that 

Swedish pied flycatchers wintered in the western part of West Africa (across 

Liberia and Sierra Leone) or in the south-eastern part (Cameroon, Equatorial 

Guinea, Gabon and northern Congo) (Veen et al. 2014). However, this second 

region shows very limited overlap with the narrow wintering range described by 

Dowsett (2010). Since direct evidence is lacking, it remains therefore to be  tested 

whether the migratory connectivity pattern as described in our study persists across 

the species range. 

In our study, wintering longitudes correlated with population specific timing of 

breeding and autumn departure (figure 3A–B). This observation may not be 

surprising as breeding and migration phenology covaries with population breeding 

latitude, longitude and altitude (Both & te Marvelde 2007). Yet, migratory 

connectivity may also arise because of population differences in  phenology, 

depending on processes such as timing of arrival, competition for wintering sites, 

time and energy constraints (reviewed by Newton 2008), or fluctuations in 

environmental constraints (Cresswell 2014). Since pied flycatchers occur over a 

wide wintering range and occupy various habitats (Morel & Morel 1992; Salewski 

et al. 2002b), wintering sites probably differ in quality. Is it possible that early 

populations occupy different wintering sites, since they probably arrive first at the 

wintering grounds? We found a weak trend between wintering longitude and 

arrival at wintering grounds (figure 3C), but there was relatively large variation in 

arrival dates within populations compared to other timing events. Although the 

latter seem to suggest little direct pressure on adults to arrive first at their 

wintering grounds, prior occupancy advantage might have been important in their 
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recent (e.g. first winter) or evolutionary history. Furthermore, we cannot exclude 

the possibility that geolocator deployment affected timing events that disrupt such 

correlations, especially during migration when the potential for geolocators to 

affect performance is presumably at its peak. 

The importance of wintering conditions for pied flycatchers has been described 

by correlative studies showing that after wet seasons spring migration and breeding 

is earlier in several populations (Both et al. 2006b; Both 2010). Early arrival at the 

breeding destinations is important as early birds have more choice in obtaining the 

best available territory and mate (Kokko 1999). This prior occupancy is assumed 

to promote strong selection in spring on migration strategies (e.g. fuelling 

decisions) that allow fast migration (Alerstam 2011; Nilsson et al. 2013). The 

consequences of wintering site selection by pied flycatchers might be most 

prominent for pre-migratory fuelling, since this takes place at the end of the dry 

season at the wintering sites (Moreau 1972; Salewski et al. 2002c). Extensive work 

on American redstarts Setophaga ruticilla in the New World has shown that 

occupancy of high quality habitats in winter advanced timing of spring departure, 

as mediated by food availability, that carried over to enhance fitness later in the 

annual cycle (Studds & Marra 2005, 2007). At the West African wintering grounds 

of pied flycatchers, food conditions vary in time and space due to differences in 

habitat, the amount of rainfall and the onset of spring rains (Smith 1966 ; Zwarts et 

al. 2009). This raises the question if the observed wintering distribut ion of pied 

flycatchers may be related to the timing of spring migration because wintering 

sites differ in spring fuelling conditions? 

If fuelling conditions vary in time and space, the sites that birds from various 

populations will need to fuel will depend also on their own spring migration 

schedule. Despite our small sample size, we found that late versus early breeding 

populations also differed in spring departure dates (mean day: FI = 12 April, NO = 

15 April, NL = 3 April, UK = 28 March). These differences were similar to trends 

estimated in these populations for spring passage through North Africa, as inferred 

from long-term ringing recoveries (Both 2010). Bell (1996) showed for yellow 

wagtails (Bell 1996) how migratory connectivity (leap-frog) patterns could be 

explained by populations differences in breeding phenology and spring departure, 

and hence the ability of populations to rely on the rainfall dynamics for fuelling in 

spring. Besides selecting wintering sites for their improved feeding conditions  in 

response to early rains, pied flycatchers may alternatively select sites or habitats 

that provide stable fuelling conditions even without early rainfall, as shown in 

American redstarts (Studds & Marra 2007), or that allow fast migration by other 

means (e.g. minimize migration distance). A rough approximation of migration 

distance towards the breeding grounds (assuming winter latitudes of 9°N), suggests 

that populations with the earliest breeding phenology wintered at longitudes that 

allow them the shortest possible great circle flight between wintering and breeding 

destinations (deviation of actual mean location to the closest possible wintering 
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site; NL = ∆148 km, UK = ∆26 km). In contrast, the Fennoscandian populations 

wintered further west than the nearest possible wintering site (FI = ∆622 km, NO = 

∆365 km). By wintering west of the Dutch and British birds, they may avoid 

competition with early birds, as well as with birds that winter in the eastern part of 

the wintering range. 

We currently lack data that directly describe habitat quality as well as fuelling 

conditions of these wintering sites. For the birds that we tracked by geolocation we 

could not detect a relationship between longitude and δ-values in wintering sites 

that was indicative of differences in habitat quality. However our small sample 

sizes might hamper inferences of these patterns as variation within habitats in δ13C 

and δ15N-values is likely large (as found in site-faithful flycatchers in Ghana: JO 

unpubl.) while the longitude gradient in these δ-values is subtle (Hobson et al. 

2012). Moreover, variation in rainfall dynamics is expected to also occur along a 

latitudinal gradient (as spring rains move from SE to NW), and thus wintering 

latitude may be ecologically important. We found no indication for strong 

migratory connectivity with respect to wintering latitudes in the ring recovery data, 

but we currently lack proper geolocation data on wintering latitude to confirm this. 

To unravel if migratory connectivity in pied flycatchers is possibly driven by the 

dynamics in fuelling conditions, we first need more detailed ecological work at the 

wintering grounds incorporating temporal dynamics in food availability across 

space and see how this affects their migrations. 

Currently the wintering range of pied flycatchers is subject to large-scale 

habitat transformation from Guinea savanna into cropland (Ockendon et al. 2012), 

with losses up to 20% of the dry forests in the Guinea-Congolia/Sudania and 

Sudanian regions between 1975–2000 (Brink & Eva 2009). These changes affect 

the extent and location of available habitat remaining for individuals to choose 

from. If populations evolved to winter at specific sites (e.g. differences in 

migration direction or predefined goal areas; Thorup & Rabøl 2001; Fransson et al. 

2005; Thorup et al. 2011; Liechti et al. 2012; Willemoes et al. 2014) they might be 

more vulnerable to changes and local habitat loss (Taylor & Norris 2010) than 

when wintering distributions have the potential to shift (Cresswell 2014). 

Population differences in migration directions and wintering locations in pied 

flycatchers (Chernetsov et al. 2008; this study) tend to suggest that wintering site 

selection is non-random. A complex pattern of migratory connectivity as observed 

in this study might be explained by juveniles having predefined goal areas 

embedded in their genes (Thorup & Rabøl 2001; Fransson et al. 2005; Thorup et 

al. 2011; Willemoes et al. 2014 contra Cresswell 2014). However, since we 

tracked adults, rather than juveniles prior to selection, it remains to be tested if the 

observed migratory connectivity patterns arose at the juvenile stage. Because the 

full implication of strong migratory connectivity in pied flycatchers and their 

ability to respond to environmental changes may depend on the flexibility of 

wintering site selection, future studies are needed to unravel both ultimate (e.g. 
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benefits to winter at specific sites) and proximate factors (e.g. migratory 

programme) that shape wintering distributions. 
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SUPPLEMENTARY MATERIAL III 

Appendix 1:  Materials and methods 

Geolocator analysis 

Clock drift 

Clock drift describes the offset of the internal clock (device) compared to the real 

time after a certain time period, in the case of a geolocator between start and end 

of measurement. Clock drift affects all sunrise and sunset measurements 

sequentially and thus, longitude estimates will drift linearly over time. Latitude 

estimates are negligibly affected due to the small difference in shifting sunrise and 

sunset times within the same day. Clock drift varies according to electronic 

components but can also vary between individual geolocators with same clock 

components due to production tolerance and exposure to different temperatures. 

For practical reasons, clock drift in geolocators is assumed to occur continuously 

at a constant rate.  

In raw geolocator data clock drift can be easily calculated by comparing the 

internal device time and real time when data are downloaded. However, in cases 

when the devices had stopped recording before data download or the internal time 

stamp is obviously incorrect, clock drift can be calculated post-download in 

different ways.  

 

A: for complete data set with known start and end points 

Calculate longitude positions using a common sun elevation angle (for instance for 

civil twilight or sun rise/set). Compare the calculated longitude at the end of 

measurement with the real longitude at this site (i.e. the recapture site). If the 

difference is larger than geolocator accuracy (see Lisovski et al. 2012b) the data 

set is affected by clock drift. To determine the degree of drift calculate the 

expected  sun rise /set time for a particular day at the focal site (applying the same 

sun elevation angle as for the geolcoator data) and compare this expected  sun rise 

time with the measured sun rise from the geolocator data. The difference gives the 

summed clock drift across the complete data set you should correct for.  

 

B: incomplete data set with light intensity records ending before a known site is 

reached 

This approach is based on the resulting linear shift of longitude with time of a 

focal site when sun set / sun rise records are clock drift affected. Because we know 

for sure that birds are present during the breeding phase for at least 7 -15 days after 

deployment, we first calculated longitudinal positions for this period using a best-

guess sun elevation angle and plotting the longitude data over time. If these data 

are affected by clock drift the longitude during this stationary period will drift 



Chapter 3 

84 

continuously in one direction (the slope of a linear regression would differ from 

zero). Next, an estimated clock drift is added to the data, longitudes are 

recalculated based on these corrected data and if there are no directional changes 

in longitude anymore (the slope of a linear regression would be zero), clock drift  is 

adequately corrected for.  

 

Clock-drift was noticeable (>1 min) only in SOI-GDL2 geolocators.  For two 

geolocators with known start and end points (IDs 3gs, 3je) method A was used. 

Using method B allowed us to calculate and linearly correct clock-drift also for 

two SOI-GDL2 geolocators that stopped working before the birds were recaptured 

(IDs 3pg, 3ox). After these corrections we inspected wintering longitudes over 

time (figure 4) for signs of remaining clock drift problems. Since the wintering 

period is expected to be stationary in pied flycatchers, longitudes are also expected 

to drift continuously into one direction during winter if data are still affected by 

clock drift. The data revealed no continuous clock drift problems in most birds. 

Only geolocator data of bird (ID 3pg) seemed, when inspecting figure 4, to have 

remaining clock drift problems. To guarantee that this did not affect our 

conclusions and results with respect to wintering site longitudes and migratory 

connectivity, we made a post-hoc estimate of the clock drift for this geolocator 

using method B, but now performing this correction relative to a wintering period 

(10 Oct to 28 March). This yielded a median longitude at the nonbreeding ground 

of -13.0°, which was a negligible difference (i.e. westward shift of 0.2°) compared 

with our previous estimate (both during the core wintering period, without day 

length filtering) and much smaller than average geolocation accuracy.  

Geolocation accuracy and precision are presented in Table A1 of Appendix 2 

for two breeding seasons, i.e. 1) from deployment until the onset of autumn 

migration (i.e. breeding, moult), 2) from arrival at the breeding site until 

geolocators were taken off, if data were available for this period. The observed 

differences in accuracy, SEA (latitude) and precision (latitude, longitude) of 

median breeding positions between the breeding seasons may have been caused by 

small-scale post-breeding movements, and/or changes in the habitat, behaviour, 

geolocator sensitively, weather and the amount of data (i.e. days) available.  

Filtering of transition data 

Light data were filtered to extract twilight events. We allowed a minimum dark 

period of respectively four hours in the light intensity data to remove most shading 

events around dusk and dawn. Glitches (lighting events) were removed manually. 

Extreme outliers from the resultant transition file were removed using a Loess -

function in R (package GeoLight 1.03, Lisovski et al. 2012a). Twilight events were 

considered outliers when the residual from the local polynomial regression line of 

sunset and sunrise time exceeded 4 times the interquartile range (i.e. k=4). In 
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addition to this standardized filtering procedure, we also applied day-length 

filtering to the wintering period (see methods in the main text). 

Calibration procedures for latitude 

We identified SEAs corresponding to the threshold values separately for the 

breeding period and the wintering period. The breeding SEA was calculated over 

the period when a bird was at a known (i.e. breeding) location from the moment of 

deployment until departure for migration (‘in-habitat-on-bird calibration’). Using 

this SEA, we described breeding latitude accuracy by comparing the known 

position in the breeding habitat with the median geolocation position. The 

accuracy was on average 10.3 km for latitude (range 6-18) across all geolocators 

when calculated over the period from deployment until the onset of autumn 

migration. We used the median position rather than the mean in all analyses to 

predict locations, since the median was a more accurate predictor of known 

locations (data not shown) and the median is less sensitive to outliers than the 

mean. For non-breeding, we used a Hill-Ekstrom calibration procedure (on day-

length filtered data in winter), which aims to find the SEA where variance in 

latitudinal positions is minimized during the stationary period of interest (Lisovski 

et al. 2012b). SEAs in winter differed strongly between geolocator type: ranging 

from -3.9° to +3.4° across all geolocators in day-length filtered data (but also light 

sensors and scales to record light intensity differed among geolocator types). The 

Hill-Ekstrom calibration was clearly not successful for three birds where the 

recorded wintering period did not include equinox periods, i.e. GeoLight had  

problems to find the local minimum in latitude variance across a range of sun 

angles. The resultant SEAs led to wintering sites where the 25-75% quartiles were 

entirely in sea or outside the known wintering range. In these cases we choose 

SEAs that forced the median wintering latitude to fall closer to the known 

wintering range (i.e. UK: SEA=-1; one FI bird: SEA=3), to allow visualisation in 

figure 1.  

We were able to compare accuracy of the two calibration methods for late 

winter (Feb-May 2011) in a pied flycatcher deployed with an OU-Cornell 

geolocator in open woodland savannah habitat in Ghana. This gives an indication 

on how successful Hill-Ekstrom calibration procedures can be in describing pied 

flycatcher wintering locations in West Africa. We described the accuracy as the 

average differences of the known position (deployment location) to the median 

calculated position in the remaining wintering phase, using Hill -Ekstrom (HE) and 

the on-bird-in-habitat calibration (IH). Both the HE- and the IH-calibration 

appeared good estimators of the known wintering latitude and longitude 

(calibration period: from deployment until departure, i.e. Feb-May). The HE-

calibration resulted in an accuracy of 23km (0.21°, SEA=-2.3) compared to the 

85km (0.76°, SEA=-2.6) for IH-calibration, expressed as the difference between 

the median wintering position relative to known wintering location. This difference 
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between the two methods became smaller when mean positions rather than 

medians were used (IH: 14km, HE: 24km). The accuracy of median longitude was 

28km (0.25°) for this geolocator, over the same period (for mean: 26km, 0.23°). 

Our attempt to perform a similar comparison of both methods for the breeding 

period was not successful, given many errors in the HE-calibration during the 

breeding period, i.e. GeoLight had problems to find the local minimum in latitude 

variance across a range of sun angles.  

All calibration procedures needed to estimate latitude were done in the R-

package GeoLight (Lisovski et al. 2012a). 
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Figure A1.  Wintering longitude in relation to wintering stable isotopic signatures of pied 

flycatchers. Between-individual variation in wintering longitude (median position) as explained 

by A) δ13C and B) δ15N (in ‰) in tertial feathers moulted in the same winter. For Norwegian 

birds, no feathers were collected. 
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Abstract 

Each year more than two billion songbirds cross the Sahara, but how they perform 

this formidable task is largely unknown. Using geolocation tracks from 27 pied 

flycatchers, a nocturnally migrating passerine, we show that most birds made 

diurnal flights in both autumn and spring. These diurnal flights were estimated to 

be part of non-stop flights of mostly 40–60 h. In spring, birds flew across the 

Sahara, while autumn migration probably circumpassed part of the desert, through 

a long oversea flight. Our data contradict claims that passerines cross the Sahara 

by intermittent flight and daytime resting. The frequent occurrence of long non-

stop flights to cross the desert shows migrants’ physiological abilities and poses 

the question why this would not be the general migration strategy to cross the 

Sahara. 
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Introduction 

Surprisingly, little is known of how the billions of small avian migrants cross  the 

Sahara desert, while migrating from their temperate and boreal breeding  grounds to 

the African wintering grounds (Moreau 1972; Zwarts et al. 2009). Moreau (1972) 

presumed that most passerines cross the Sahara in a non-stop 40–60h flight, 

implying that nocturnal migrants also migrate during daytime. More recent studies 

argued that most nocturnally migrating passerines exhibit an intermitted rather 

than a non-stop migration to cross the Sahara. Radar observations in the western  

Sahara during spring estimated that only 17% of songbirds (exclusively 

Hirundinidae) prolonged migratory flights during the day, while in autumn, this 

appeared even less common (Schmaljohann, Liechti & Bruderer 2007). Direct 

observations of large numbers of individuals sheltering during the day against the 

heat, without water or food, but in good condition (Newton 2008), support this 

notion of intermittent flight. 

In contrast to radar studies, geolocator studies yield species-specific tracking of 

individual movements and are thus less dependent on specific observation  times 

and locations. Moreover, they provide insight into variation in migration strategies 

such as among seasons, species and individuals. Geolocation tracking revealed 

prolonged flights in small passerines of up to several days (Bairlein et al. 2012; 

DeLuca et al. 2015): e.g. blackpoll warblers, Setophaga striata, of 12 g crossed the 

western Atlantic in a non-stop 2540 km flight of 60 h (DeLuca et al. 2015). Given 

these remarkable flights, it would be rather surprising if migrants facing the Sahara 

do not use non-stop flights. Indeed, recent geolocation tracks showed prolonged 

night flights into the day over the Sahara in several passerines (Adamík et al. 

2016), but the authors of that study did not conclude that birds flew non-stop. 

However, an intermittent flight strategy probably increases the time individuals 

take to cross the Sahara, and hence requires larger reserves prior to migration. 

Here, we provide evidence from light-level geolocator loggers (hereafter, loggers) 

for an abundant, and presumed nocturnal long-distant migrant, the pied flycatcher 

Ficedula hypoleuca (Lundberg & Alatalo 1992), that most individuals showed 1–2 

day periods of diurnal flight. We argue that these diurnal flights are part of a non-

stop flight strategy that reduces the costs of barrier crossing. 

Material and methods 

We studied migratory pied flycatchers from a nest-box population in Drenthe (NL, 

52°49’N, 6°22’E; Both, Bijlsma & Ouwehand 2016). Recent tracking work showed 

that our population wintered in the western Ivory Coast/eastern Guinea in sub-

Saharan Africa (mean longitude 7.4°W ± 1.0° ; chapter 6) and migrated in spring 

in a mere two weeks to the breeding grounds, where they arrived between 5 April 

and 10 May. Most breeders migrate in early August in five weeks to their sub-
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Saharan African wintering grounds, with a major stop-over on the Iberian 

Peninsula (Bibby & Green 1980). For this study, we equipped 52 adult males and 

28 females in 2013 with Intigeo-W50 geolocator loggers (Migrate Technology Ltd, 

Cambridge, UK) using leg-loop harnesses (avg total mass 0.52 g) just before 

chicks fledged (breeding adults), or during nest-box advertisement (unpaired 

males). We recaptured 27 birds with loggers in 2014–2015, and found no evidence 

for lower return rates or later spring arrival between birds with or  without loggers 

(chapter 6). From these loggers, 12 recorded maximum light levels every 10 min 

(measured 1 min intervals) and 15 recorded maximum light levels every 5 min and 

for each 4 h period the minimal and maximal temperature observed over this 

interval (measured 5 min intervals). For 15 birds, data included the onset of spring 

migration. Temperature was successfully recorded for 15 birds in autumn and 

seven in spring. Owing to unstable shading events, latitudes could not be 

calculated with large accuracy, but longitudes are reliable and therefore we report 

these (Ouwehand et al. 2016).  

Because flycatchers prefer wooded habitats, recorded daytime light levels by 

loggers are normally erratic (figure 1). Here we make use of changes in shading 

and temperature to show that pied flycatchers are not always nocturnal migrants. 

We found that twice a year a short period occurred with extremely smooth 

transitions without shading and high maximum daily light values in the light data. 

These periods ended with an abrupt occurrence of shading during the day. In 

woodland species, such ‘bright’ periods likely refer to windows of diurnal flight. 

Diurnal flight is associated with large changes in twilight times,  mostly at sunrise, 

indicating fast movements in a south-westerly direction in autumn and north-

easterly direction in spring (Supplementary material, figure S1 and Table S1).  

Figure 1. [Right]  Examples of three pied flycatchers (male: F272/F291; female: F384) that used 

diurnal flight twice a year when facing ecological barriers, like the Sahara. Light and temperature 

profiles (a) show 2 days before, 2 days during and 2 days after diurnal flight in autumn and 

spring, and changes in longitude positions (b) across 2013–2014. Grey lines indicate diurnal flight 

(periods). Temperatures (in a) are approximate changes in ambient temperature rather than being 

absolute measures and were saved at the end of each 4 h period. 
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Results and discussion 

Of the 15 flycatchers with loggers recording data in spring,  14 showed 1–2 day 

cycles with higher and less erratic light levels, which directly documented non-

stop diurnal migration (figure 1). These periods coincided with the start  of spring 

migration in a north-easterly direction (range: March 23–April 29; chapter 6), 

figure 2; Supplementary material, Table S1). Days without shading are unlikely to 

have been caused by resting in the desert, because the six loggers  recording 

temperature showed lower and more stable temperatures during these days than 

before and after diurnal flight (figure 1). The observed reduction in temperature 

amplitudes during daytime are in agreement with radar studies showing that birds 

cross the Sahara in spring while flying at high altitudes in cool anti-trade winds 

(Schmaljohann, Liechti & Bruderer 2009). Some individuals ended their diurnal 

flight during the day, as visible in the reappearance of shading events and a sharp 

increase in temperature (figure 1, individual F272, 1 April).   

In three birds, short temperature peaks at night occurred during spring diurnal 

flight periods (e.g. figure 1, individual F384), which may indicate lower altitude 

flights or short nightly resting stops. For the one individual with ambiguous 

diurnal flight during spring, temperature profiles were inconclusive to support 

intermitted or non-stop flight (see the Supplementary material, figure S2). 

The estimated maximum duration of the prolonged flight in spring was 45.3 ± 

5.89 h (n = 12) and possibly even longer (Supplementary material, Table S1). 

Maximum flight duration ranged between 40 and 61 h, and with an average ground 

speed of 15.3 m s-1 (Schmaljohann, Liechti & Bruderer 2007), flycatchers could 

cover 2200–3350 km and likely reached at least the northern edge of the Sahara 

(figure 2). 

In autumn, all individuals showed similar patterns with little daytime shading, 

suggesting diurnal flight during southward migration as well. In contrast to spring,  

less pronounced (but notable) changes in temperature profiles were observed 

(figure 1), because either flycatchers profit from favourable trade winds that bring 

warm and dry winds, or they fly over sea (Schmaljohann, Liechti & Bruderer 

2009). That these light curves indeed are the result of diurnal flight rather than 

resting in the desert is strongly suggested by the sudden appearance of shading, 

mostly happening half-way during the day (e.g. F384 on 25 August, figure 1). The 

maximum duration of autumn non-stop flights was variable: the shortest flights 

lasted probably 23–25 h (n = 4), but most took 37– 48 h (n = 23, average 41.2 ± 

2.8 h), and possibly even longer (up to 60 h; Supplementary material, Table S1). 

It has been suggested that in autumn, migrants suffer more from dehydration 

when crossing the Sahara, and hence have to stop during the hot day 

(Schmaljohann, Liechti & Bruderer 2007; Newton 2008). Alternatively, we suggest 

that most flycatchers cross the ocean and thereby circumpass the desert (figure 2). 
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Figure 2.  Longitudes (average, bold line; s.d., thin line) of Dutch pied flycatchers before 

and after diurnal flight (see the Supplementary material, Table S1) roughly indicate onset 

locations and destinations of nonstop flight. Latitudes prior to diurnal flight were chosen to 

include fuelling sites in autumn (Iberia, less so North Africa) or spring (wintering range). 

Latitudes after diurnal flight indicate possible destinations, assuming 15.3 m s-1 flight 

speed and the maximal flight duration (Supplementary material, Table S1). Wintering 

longitude (average ± s.d.) is depicted in white. 
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A direct flight across the ocean is supported by pied flycatchers being the most 

abundant prey of breeding Eleonora’s falcons, Falco eleonorae, in September on 

the Canary Islands (de Leon et al. 2007). Our data from longitudes before the onset 

of diurnal flight agree with major stop-over areas in the west of the Iberian 

Peninsula (Bibby & Green 1980; Lundberg & Alatalo 1992), and after this flight 

they have consistently shifted to more western longitudes in West Africa (figure 2; 

Supplementary material, Table S1). Based on 15.3 m s-1 ground speed 

(Schmaljohann, Liechti & Bruderer 2007), mean departure weights of 16.8 g from 

south-western Iberia (Bibby & Green 1980), and a flight duration of 37–48 (–60) h 

(n = 24), most flycatchers can cover ca 2000–2600 (–3300) km and thus reach the 

south edge of the desert in this prolonged flight. Along the coast  south of the 

Sahara, suitable scattered vegetation seems to support further autumn passage, and 

pied flycatchers were mostly in good condition at these stop-over sites (Salewski 

& Schaub 2007). More southwards, flycatchers likely changed direction eastwards 

towards their final wintering sites (Liechti, Komenda-Zehnder & Bruderer 2012; 

Ouwehand et al. 2016).  

Our data are indirect but highly suggestive evidence that pied flycatchers from 

our breeding population commonly flew non-stop when migrating across the 

Sahara. This pattern contradicts claims that the general pattern of Sahara crossings 

in passerines is by intermittent flight. However, these claims are mainly based on 

the relative rarity of daytime passage on radar observations at few spots and the 

assumption that most migrants depart for spring migration from the southern 

Sahara edge. By contrast, our flycatchers departed directly from their more 

southern wintering grounds (chapter 6), and if they departed shortly after sunset, 

they likely passed these radar observation sites after ca 24–28 h flight, during the 

night. High departure fat loads (Smith 1966; Bibby & Green 1980) and relatively 

few observations of pied flycatchers resting in or near oases during autumn and 

spring migration (Salewski & Schaub 2007; Jenni-Eiermann et al. 2011) support a 

non-stop migration strategy. Observations with geolocators of diurnal flights in 

various small nocturnal migrants (DeLuca et al. 2015; Adamík et al. 2016), 

suggest that the non-stop strategy is not limited to the relatively fast migrating pied 

flycatcher (chapter 6). We argue that for many small migrants, like pied 

flycatchers, a non-stop flight strategy must be superior to an intermittent strategy 

both in autumn and in spring, probably because it reduces time, energy and risk of 

dehydration while passing the Sahara. 

Our finding of non-stop Sahara crossing by a 12 g passerine challenges the 

view on the severity of such a barrier. Our observation that flycatchers in spring 

take off on a non-stop flight from at least 500 km south of the start of the desert 

suggests that physiology does not constrain a broader crossing. Furthermore, 

flycatchers seem to perceive barriers differently between seasons, as only in spring 

do they seem to fly directly over the desert. The next challenge is to compare 

species’ migration strategies, to unravel how variable  these patterns are and their 
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associated costs and benefits (Deppe et al. 2015). This is especially important as 

long-distance migrants face large changes at the wintering grounds (Zwarts et al. 

2009) that may hamper their preparation for successful barrier crossings.   
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SUPPLEMENTARY MATERIAL IV

Figure S1.  Sunset and sunrise times across 2013-2014 shown for three birds tracked by 

geolocation in relation to diurnal-flight in autumn and spring migration (grey lines). Periods with 

diurnal flight were generally associated with rapid changes in twilight times, especially during 

sunrise.  
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Table S1.  The occurrence and duration of diurnal flight periods in autumn and spring of (otherwise 

nocturnally) migrating pied flycatchers and their approximate longitude location prior and after these 

flight periods, using respectively raw light profiles and estimated positions from geolocation data. 

Each longitude estimate is an average of two noon positions prior and after diurnal-flight periods. A 

summary of longitudes across all birds and their probably latitudes is depicted in figure 2. The 

estimated minimum duration of these periods in which birds also migrated during the day was 

defined by the difference between the start and end of diurnal flight as observed in the raw light 

profiles. The maximum duration included also the night before diurnal flight was observed, 

assuming that birds started their flights at the sunset (Smolinsky et al. 2013). In case birds did not 

end their diurnal flight during the day we calculated also an absolute maximum duration (shown in 

brackets), which including the subsequent night, i.e. thus assuming that birds flew until dawn. All 27 

loggers successfully recorded light values during autumn (L), while only 15 of these devices 

recorded also the onset of spring migration (L). Part of the loggers recorded temperature profiles 

(T). Temperatures are a proxy for changes in ambient temperature rather than an absolute 

measure, as body temperature and feather cover also influence temperature profiles. In mode 1, 

temperature was measured every 5 minutes, with minimum and maximum temperatures being 

saved at the end of each four-hour period. Light was measured every minutes and saved at 

intervals of 5 (mode 1) or 10 minutes (mode 11). Empty cells refer to missing values.  
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Figure S2. [Right]  Changes in (a) light and temperature profiles, (b) longitude positions, and (c) 

sunset and sunrise times, for the only one bird with a geolocator for which diurnal-flight was not 

unambiguously detected from the raw light files in spring (although it occurred in autumn). 

Temperature in (a) is depicted by the blue (min. temp) and red (max. temp.) line. In (b) and (c): 
grey lines indicate the estimated start and stop time of diurnal flight and green lines indicate the

departure from the wintering grounds, based on the determination of stationary periods from 

twilight data (chapter 6). The winter departure in this bird was associated with major changes in 

longitude positions (b) and twilight times that indicate major migratory movements. Although 

minimum temperatures (as recorded across four hour periods) dropped at night and day during 2-3 

days once the bird started its spring migration, a peak at April 1st might indicate that this bird 

rested (shortly) during the day or flew at lower altitudes where temperatures are lower than at 

high altitudes above the desert. In spring the light curve was also less smooth as in any of the 

other birds examined. Temperature profiles and light was recorded by an Intigeo-W50

geolocator (mode 1). Temperatures are a proxy for changes in ambient temperature rather than an

absolute measure, as body temperature and feather cover also influence temperature profiles. In

mode 1, temperature was measured every 5 minutes, with minimum and maximum temperatures

being saved at the end of each four-hour period.



Non-stop migration to cross the Sahara desert 

105 

(a
)

(b
)

(c
)





Chapter 5      
Repeatability in spring arrival dates in 

pied flycatchers varies among years and 

sexes  

Christiaan Both, Rob G. Bijlsma and Janne Ouwehand  

Ardea (2016) 104: 3–20 

  



Chapter 5 

108 

Abstract 

Timing of arrival in long-distance migration could have fitness consequences: 

arriving too early impairs survival chances, whereas arriving too late reduces 

current reproductive success. Evolution thus may have favoured a phenotype that 

arrived at the optimal time. However, individuals within populations of long-

distance migrant species arrive over a considerable time span, and often show 

consistency in whether they are early or late. This repeatability in arrival  varies 

between studies, and we hypothesise it to be affected by conditions encountered  en 

route or in winter. Here we report on the spring arrival dates of pied flycatchers 

Ficedula hypoleuca to their Dutch breeding sites during eight consecutive years. 

Our field estimates of arrival were highly accurate, as validated  by geolocator data 

on 13 individuals. Years differed in mean arrival dates.  Within years and sexes, 

arrival date generally spanned more than two weeks. First-year individuals arrived 

on average 4–5 days later than older individuals. Using repeated arrival dates of 

more than 500 individuals we show that (1) the overall arrival repeatabilities were 

similar for females and males, (2) arrival repeatabilities varied temporally, with 

individuals in consecutive years having sometimes moderate (R = 0.2) and 

sometimes rather high (>0.40) repeatabilities, and (3) individual females arrived 

later in their first than in their second year. In females, repeatabilities of arrival 

and laying dates were similar. We hypothesize that individual flycatchers have a 

high individual consistency in their spring migration departure date from the 

wintering grounds. However, previous studies suggest the expression of this 

individual schedule to be affected by environmental circumstances at the wintering 

grounds or by what is encountered en route, determining whether this variation is 

still present at arrival on the breeding grounds. Sexes seemed to differ in this 

respect, as year-to-year variation in repeatabilities of timing was explained by 

individual consistency in females, but not in males. We discuss the relevance of 

the observed variation for the potential for an evolutionary response when 

environments change. 
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Introduction 

Migration is all about being at the right place at the right time. In this way, 

migrants make use of seasonal variation in habitat suitability, and timing of 

movements has evolved to match needs with requirements (Alerstam 1990). 

However, seasonal patterns in habitat suitability fluctuate between years, with 

sometimes severe fitness consequences if birds arrive too early or too late (Brown 

& Brown 2000; Smith & Moore 2005; Newton 2007). In particular, spring 

migration towards the breeding grounds seems to be most sensitive to between-

year variation in ecological conditions (Studds & Marra 2011; Klaassen et al. 

2014a; Lok et al. 2015). At this time of year, individuals migrate against a gradient 

of habitat suitability (at least for insectivores),  with conditions becoming more 

hostile with proximity to the breeding grounds, and only improving after birds 

have arrived there.  

Migration is a sequence of decisions on when to depart in what condition, how 

long to fly, and where and when to stop-over, and again when to depart for the 

next migratory leg (Alerstam 1990). The longer the migratory journey, the less 

likely that circumstances at departure predict circumstances at the breeding site 

(Hötker 2002). However, the closer that individuals get to their destination, the 

more they can anticipate the specific conditions in that year (Marra et al. 2005). 

Individual flexibility to between-year variation in breeding site phenology thus 

likely arises through incorporating variation during the latter part of the migratory 

journey (but see Fraser et al. 2013 for lack of adjustment to a warm spring). At the 

population level, correlations between arrival date and circumstances en route have 

indeed been found (Ahola et al. 2004; Both et al. 2005; Marra et al. 2005; Jonzén 

et al. 2006), and in a few cases this was shown to be caused by phenotypic 

plasticity (Saino et al. 2007; Balbontín et al. 2009). 

If circumstances are unpredictable, little phenotypic plasticity is expected 

(Botero et al. 2015), and under such conditions consistent individual variation may 

have been favoured over time. Across breeding population studies of long-distance 

migrants, the mean repeatability of spring arrival is 0.31 (range 0.05–0.63, Table 

1), a value that is common for many other behavioural traits (Bell et al. 2009). 

Individual consistency might be expected if arrival conditions are unpredictable at 

departure from distant wintering grounds (Coppack & Both 2002), but 

environmental conditions encountered during the journey may strongly affect 

whether individual consistency could still be expressed after a long journey. The 

observed variation in arrival repeatability among studies could result from species  

and population-specific differences in whether such consistent individual variation 

exists in annual schedules, but also from environmental variation that differs 

among the years of study. Especially for arrival dates, a whole array of behavioural 

decisions regarding departure, flights and stop-overs is influenced by the 



Chapter 5 

110 

environmental conditions encountered (see e.g. Senner et al. 2015), and therefore 

initial individual variation in migration schedules could have vanished by the time 

birds arrive at their breeding grounds, but could also have been exacerbated 

(Winkler et al. 2015).  

Table 1.  Review of published data on repeatability of spring migration timing and arrival in 

long-distance migratory birds. Sex: FM males and females included, Stan: data standardized 

to annual mean (Y) or not (N). Focus: winter: only winter population sampled , breed-winter: 

both winter and breeding populations sampled, breed: only breeding population sampled.   
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In a world that is changing rapidly, it is important to understand how species adapt 

and what constrains adaptation. With ongoing climate change, long-distance 

migrants have sometimes advanced their migration timing (Jonzén et al. 2006; 

Lehikoinen & Sparks 2010), but in many cases have not, or did so too slowly to 

anticipate the phenological advances of their breeding grounds (Both & Visser 

2001). The presumed low predictability of breeding ground conditions at departure 

suggests that observed advances in arrival are either due to phenotypic plasticity at 

the end part of the migratory journey, or the result of a systematic change in 

departure date due to ontogeny or evolution (Coppack & Both 2002; Ahola et al. 

2004; Both 2010; Gill et al. 2014). So far, little empirical evidence exists on 

whether variation in arrival date has a genetic background (Potti 1998; Møller 

2001; Charmantier & Gienapp 2014; Tarka et al. 2015), and whether the observed 

advances in arrival date are the result of selection on a genetically determined trait 

(Gienapp et al. 2007; Merila 2012).  

Our study focuses on spring arrival dates in a long-distance migrant passerine, 

the pied flycatcher Ficedula hypoleuca. Timing of migration in this species is 

partly governed by photoperiods: in lab conditions, flycatchers only started spring 

migration when given photoperiodic cues of the normal wintering area (Gwinner 

1996b). Recent data from geolocators showed that males from our Dutch breeding 

population winter in eastern Guinea and western Ivory Coast (c. 5–9°W), depart 

from the wintering grounds around the beginning of April and cover the 5000 km 

in about 18 days (Ouwehand et al. 2015).  

Ring recoveries in North Africa suggest that migration dates have advanced for 

our population, but we have yet no proof for an advance in spring arrival date 

(Hüppop & Winkel 2006; Both 2010). We have argued that conditions en route 

and lack of predictability of conditions during migration may prevent birds 

arriving earlier, despite the advance in spring phenology of the breeding ecosystem 

(Both 2010; Winkler et al. 2015). Arrival and breeding dates have indeed been 

shown to correlate with environmental conditions en route (Ahola et al. 2004; 

Both et al. 2006b; Hüppop & Winkel 2006). If this environmental effect is strong 

and fluctuates strongly between years, potential individual variation in departure 

date from the wintering grounds may not be visible upon arrival at the breeding 

grounds. The only study that addressed repeatability in arrival dates in pied 

flycatchers was performed in Spain, which found no repeatabil ity for males (Potti 

1998), whereas females had repeatable arrival dates (R = 0.29; Potti 1999).  

The aim of this paper is to describe repeatability in spring arrival date in pied 

flycatchers. Understanding the variation in repeatability in arrival dates is a first 

step for the analysis of a genetic basis for this trait. Because repeatability is likely 

to be influenced by the extent of variation in arrival dates in the population, we 

first describe for our eight consecutive years of observations the variation in 

arrival dates of males and females separately. Next we test whether age affects 

arrival date. Finally, we analyse repeatability in spring arrival dates for individual 
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males and females separately and compare these with repeatability in laying dates. 

We expect that repeatability in arrival date is individual-, age- and sex-specific, 

with variations in conjunction with year-specific environmental conditions during 

winter and/or migration. In this paper we do not aim to identify these year -specific 

environmental conditions. 

Methods 

Pied flycatchers are small (12–13 g) insectivorous long-distance migrants that 

winter in West Africa and breed in Europe and western Siberia. They readily 

accept nest boxes for breeding, and our observations were performed in 8  study 

plots with 100 nest boxes each, and two with 50 and 65 nest boxes in Drenthe, The 

Netherlands (52°49'N, 6°22'E). The nest boxes were placed in February–March 

2007 before arrival of the flycatchers. The arrival data of 2007 are likely biased 

because most birds breeding on the plots that year first had to discover the plots. 

Study plots of 100 boxes were on average 50 ha in size, and were situated in two 

larger forested areas (Dwingelderveld and Drents-Friese Wold). Habitats ranged 

from pure deciduous stands (mostly Quercus robus) to mostly coniferous (mostly 

Pinus sylvestrus) and different mixtures of both coniferous and deciduous species. 

The distance between adjacent plots varied between 2.5 and 15 km. The total 

breeding population increased from c. 150 pairs in 2007 to c. 280 in 2010 and 

remained rather stable afterwards (until 2014).  

Observations 

Spring arrival dates were determined through field observations in 10 study plots, 

which were visited on average once every other day. One of us (RGB) checked one 

plot and its surroundings every day from mid-March onwards. If the first 

flycatcher was observed here before 5 April, or when pied flycatchers were 

recorded that early on the citizen science web site (www.waarneming.nl), we also 

started our observations on other plots. Otherwise, six trained observers started 

recording arrivals from 5 April until around 10 May (and less systematically later 

on). We did observe some occasional late-arriving flycatchers that started singing 

within our study plots (up to 25 May), and it is possible that a few more 

individuals arrived this late but remained unnoticed. Late arrivals could be 

individuals, especially females, that had attempted to breed somewhere else, but 

whose nests had been disturbed.  

During an observation session, the plot was crossed on foot and all signs of 

pied flycatcher presence were noted. Observations started just after sunrise until 

around noon. Per plot a session lasted between 1 and 3 h, depending on the number 

of flycatchers present (10–60 breeding pairs per plot).  

Upon arrival, individual males were identified by means of plumage traits and 

presence/absence of (colour)rings. In our population, males greatly vary in 
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plumage characteristics (i.e. number, size and shape of forehead patches, da rkness 

of dorsal feathers, size of white wing patches). These data were validated with 

information we gathered when males were captured during the chick-rearing stage. 

Pied flycatcher males commonly breed in the immediate surroundings of the area 

where they are first observed singing (see Potti & Montalvo 1991a; Visser et al. 

2015 for similar approach). Arrival date equals first observation day when the plot 

was visited daily, otherwise the midpoint was used between the observation day 

and the previous visit. Out of 1962 potential plot-observation days between first 

arrival and 2 May, there were 24 cases with three days in between subsequent 

visits to a plot, and in nine cases four days. Given the high detection probability of 

individual males (see next paragraph) and the high visit frequency to the plots, we 

feel confident that our arrival scores accurately estimate real arrival date on the 

study plots.  

Females behave more cryptically than males, and we record their arrival as the 

date they became paired. Previous studies support the notion that females pair up 

within a few hours after arrival (Dale et al. 1992). Pairing date was easily 

measured, because male behaviour changed drastically upon a female’s arrival: 

soft warbling notes replaced the persistent and full song, or males became silent. 

When males failed to advertise their presence in occupied territories, we took extra 

effort to find the male and his mate and checked the nearest boxes for nesting 

material. Pairing date or date of first nesting material in the nest box (often on the 

same date) were equated with female arrival date. In cases when we had not been 

in the area on the previous one or two days, we adjusted the estimated female 

arrival from the state of nest-building: no or little material was interpreted as 

arrival on the observation day, nesting material without a nest cup as the day 

before and nests with partial or full nest cup as two days earlier. Some arrival dates 

of females were disregarded, i.e. when the female apparently disappeared within a 

few days of pairing and initial nest-building (e.g. four out of 113 female arrivals in 

2010, two out of 89 in 2012, and two out of 66 in 2014). These cases were evident 

from males starting to sing again. We captured most females during incubation,  

when we matched arrival with female identity based on their ring numbers. In 

some years we used aluminium colour rings for individual identification, but 

stopped this practise again because these rings got damaged after some years with 

possible leg injuries as a result.  

Accuracy of arrival date 

When we measured spring arrival we assumed that birds did not first try to settle 

somewhere outside our study plots (but see below for exceptions). This assumption 

was validated with an independently estimated arrival date for 12 male and one 

female flycatcher equipped with a geolocator in 2012 (n = 2), 2013 (n = 2) and 

2014 (n = 9). Arrival dates from light-level geolocators correlated well with arrival 

dates assessed in the field: r = 0.98, n = 13, p < 0.001. This estimate was not 
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affected by including multiple years and sexes, because when considering the 

biggest group (males in 2014, n = 8) the correlation was still r = 0.98. On average, 

the arrival date derived on the basis of visual observations was 1.57 d (range –1 to 

+5) later than what was estimated on the basis of the geolocation data. The only

female in this sample had exactly the same arrival date as scored via field

observations.

The accuracy of arrival date depends on the detectability of a bird. For  four 

years we calculated for part of the dataset the daily detection probability of males 

recorded during each visit between the first day he was observed until he was 

paired. In 2008 this probability was 84% (measured for 72 males, with 195 

potential individual observation days), for 2010 it was 82% (n = 113/437), for 

2012 it was 85% (n = 69/212) and in 2014 95% (n = 62/517). Males failing to 

attract a female had a similar probability of being observed (estimated for 30 males 

in 2014 from arrival until 6 May: 92%). If females do not immediately start nest 

building, their arrival dates depend on our ability to observe males with or without 

their females. The possibility exists that female arrival is biased towards later 

dates, because males were less often detected after females arrived. This was not 

the case, as detection rates of males the day before we assigned the pairing dates 

were not lower than before, suggesting that we accurately observed pairing date 

(observation probability day before paired: 2008: 80% (n = 37), 2010: 76% (n = 

76), 2012: 93% (n = 27) , 2014: 98% (n = 46)). 

Some males may move to another site after first settlement, as proven by two 

individuals. A colour-ringed male was recorded on 20 and 22 April 2012, but not 

seen here from 23 April onwards. He re-emerged singing at a nest box 2.4 km 

away on 25 April, in another study plot. This individual had been breeding in 2011 

in the same box where he was observed on 20–22 April 2012, but this box 

happened to be occupied by great tits Parus major; all other boxes within 200 m of 

this box were also occupied. Interestingly, this individual (born in 2008) 

eventually settled just 270 m from his natal box, paired up with a female a week 

later and bred successfully at this new spot. The other individual arrived on 16 

April 2013 near the nest box where he had bred the previous year. This individual 

was seen singing on all visits until 6 May (and was caught on 27 April). Around 9 

May his nest box was usurped by great tits, and he moved to another plot, c. 2.4 

km away, where he was caught on 27 May. As with the previous male, this male 

moved towards his natal area, where he was caught 130 m away from where he 

was born. This male was not observed singing for a long period, and did not breed 

after moving. Such movements may have occurred more frequently and some of 

the later-arriving individuals could have arrived earlier elsewhere before moving 

again. Inclusion of these individuals will increase the phenotypic variance, and 

thereby most likely biases repeatability estimates downwards.  
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Data selection 

We only included arrival dates of individuals that were caught later in the year, 

and for which individual identity was unequivocally determined. We excluded 

birds when: (1) the hatching date of their brood was experimentally advanced or 

delayed by more than one day the year before they arrived (both for adults and 

offspring), (2) they were carrying a geolocator, (3) they were translocated to 

another breeding site one or more years before the arrival year, or (4) when their 

arrival dates were later than 19 May.  

We recorded 1581 arrival dates of individually identified males. In 459 cases 

we scored male arrival without obtaining their identity, but these were excluded 

from further analyses. About half of the latter cases involved a male that had been 

singing for two or more days, but disappeared after a couple of days. In 208 cases 

males obtained a female that laid eggs, but nests failed before the male was caught 

(mostly due to predation), or we failed to capture the male. In females with known 

identity, we recorded 1650 arrival dates. In most cases these females laid eggs, but 

some were depredated before we caught them.  

Age is defined as first year when born one year ago, second year is born two 

years ago, etc. Age effects are only tested for individuals ringed as nestlings, 

because ageing in full-grown birds is not always reliable. Note that many locally 

born individuals are not observed in their first year (Harvey et al. 1985; Sternberg 

1989; Potti & Montalvo 1991b). While analysing the age effect we also have to 

consider whether previous experience affects arrival date (Sternberg 1989; 

Sternberg et al. 2002; Sergio et al. 2014).  

In the repeatability analysis we included 221 females and 307 males for which 

we had multiple observations during their life. Apart from the selection criteria 

above, we excluded the data for 2007 because our study plots were newly created 

and most individuals still had to discover the nest box area; this may have affected 

their arrival date at their eventual breeding spot. Furthermore, we excluded all 

first-year records of locally born individuals, as many individual flycatchers 

refrain from breeding in their first year and their arrival date may be affected by 

experience. For females, the number of individuals with 2, 3, 4, 5 and 6 years of 

observation were 158, 46, 12, 4 and 1 (average 2.39 observations per individual). 

For males these numbers were: 231, 58, 14, 4 and 0 (average 2.31 observations per 

individual).  

Analyses 

Arrival date distributions were in almost all years significantly different from 

normal (see results). As a result, most of the tests we provide are non-parametric 

(Kruskall–Wallis tests). When analysing age effects within individuals, we used 

paired t-tests.  

Repeatabilities of arrival and laying dates were always analysed within a sex, 

and we used a mixed effects model implemented in the package rtpR (Nakagawa & 
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Schielzeth 2010) in R statistical software (R Core Team 2012). We made use of 

REML estimation of repeatability, based on the individuals for which we had 

multiple observations. We analysed repeatabilities for absolute arrival dates and 

for arrival dates relative to the annual mean for the sex. Repeatability of laying 

date is given as a comparison, because laying date repeatabilities are more often 

analysed, and we know that the estimate of first egg-laying date is with minor 

measurement error (given that we check our boxes at least once every five days 

and laying gaps are infrequent). We tested differences in repeatability estimates for 

different groups by bootstrapping 1000 estimates of both samples, and comparing 

for differences among these samples. The approximate p-value is twice the 

proportion of cases that are >= 0.  

We tested temporal variation in repeatability by analysing the repeatability for 

all pairs of consecutive years and the individuals that bred in both years. These 

estimates were again from rtpR using the REML estimation and were only 

performed on relative arrival dates. We did not test formally whether samples for 

the same pairs of years differed among sexes using a bootstrap procedure, but 

tested whether the estimates (without standard error) for each pair of years differed 

systematically between the sexes using a paired t-test.  

Repeatability describes how consistently individuals differ from each other 

(Conklin et al. 2013), which depends on how consistent individuals are, and how 

large differences are between individuals (total phenotypic variation). Low 

repeatabilities could thus be a result of low consistency within individuals, or 

alternatively through low variation among individuals. We calculated within-

individual consistency between years as the absolute difference in arrival date: 

lower values mean higher consistency.  

Results 

Variation between years 

Arrival dates varied strongly, both within and between years (figure 1). The 

earliest recorded male arrived on 26 March 2010, but in most years ar rival started 

in the first or second week of April. The earliest female arrived on 8 April 2010; in 

most years female arrival started in the second week of April. Years differed in 

arrival dates for both sexes: the mean of the annual medians was for females 24.8 

April (Table 2; range: 21–28; KW-test for differences between years: KW = 

198.69, n =1650, p <0.001), and for males 17.9 April (range 12–22; KW = 254.01, 

n =1581, p <0.001). For each year and sex combination the frequency distribution 

deviated significantly from a normal distribution, except for females in 2008 and 

2009 (see Table 2 for statistics). The average interval between 10 and 90% of the 

arrival distribution was for females 16.5 days (range 13–20), and for males 14.6 

days (range 8–21). In males this interval was larger when the start of arrival 

(measured as the 10% percentile) was early (Pearson’s correlation: r = –0.83, n =8, 
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p = 0.01) , whereas  in females  there was no clear  support for such a correlation 

(r = –0.48, n = 8, p = 0.22). Males showed more between-year variation in the start 

of arrival, whereas in females variation was larger at the end of the arrival 

distribution. The latter could have been the result of higher nest predation rates in 

some years, and late arriving females that had immigrated after losing their nest. 

Within 2008–14 there was a tendency of a positive correlation in median arrival 

dates of males and females (r = 0.71, p = 0.08), but not in their 10%- or 90%-

percentiles (r = 0.51, p = 0.25; r = 0.39, p = 0.39).  

 

Table 2.  Summary data of annual variation in spring arrival dates of a population pied 

flycatchers in SW-Drenthe, The Netherlands, between 2007–2014. All dates are expressed in 

days from the first of April (31 = 1 May). n = number of individuals per year, Mean is the 

arithmetic mean arrival, SD the standard deviation, First is the first arrival date, Per10 the 

date at which the first 10% of the population arrived, Per90 the first 90%, and Last is the last 

observed arrival. 10–90% range is the number of days between Per10 and Per90. For each 

year we tested whether the observed distribution deviated from normality using a Shapiro–

Wilk test, and test statistic and p-value are given. 

 

 

Years with a warm start of April (e.g. 2009, 2011, 2014) also had an early start of 

male arrival, relative to years when this period was cold (Supplementary material 

figure S1; correlation between 10%-percentile of male arrival date and mean 

temperature 1–11 April: Pearson r = –0.83, n = 7, p = 0.02; Inclusion of 2007 did 

not alter the result (r = –0.81, n = 8)). Start of female arrival was not clearly 

related to temperatures in early April (correlation between 10%-percentile of 

female arrival date and mean temperature 5–15 April: Pearson r = –0.29, n = 7, p = 

0.52).  
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Figure 1.  Frequency distribution of spring arrival date of individual pied flycatchers in Drenthe, 

The Netherlands, for all years in 2007–14. Shown are: local first-year recruits, individuals without 

previous experience in the area (new immigrants) and individuals breeding the previous year. Left 

panels: females, right panels: males. Note that for males in 2013 and females in 2014 the y-axis is 

different, due to a large fraction of individuals arriving on particular days. Numbers per year are 

given in the figure. Only individuals with known identity are included, excluding individuals that 

carried a geolocator, or had been experimentally delayed in the previous year.  

Date is days from 1 April. 
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Age effects 

Females and males with known age arrived later in the first than in the second year 

(figure 2A, B). In females this effect was only evident between the first and second 

year, with the medians being 28 and 24 April respectively (KW-statistic = 15.35,   

n = 288, p <0.001). In males this first-year effect was of similar magnitude as in 

females (first-year median 22 April, second year: 17 April; KW-statistic = 26.88,  

n = 305, p <0.001). In males, this age effect tended to advance to age 4, and was 

delayed thereafter (figure 2B; difference between age 4 and 5: medians 15 and 17 

April, KW-statistic = 3.85, n = 91, p = 0.049). All three extremely late arrivals 

(>15 May) were first-year males, and these individuals did not obtain a female. We 

may have missed several of these late arrivals, because at that time our focus was 

on breeding birds, rather than on new arrivals.  

 

 

Figure 2.  Spring arrival date in relation to age in pied flycatchers ringed as nestlings. (A) 

Absolute arrival date for all females with known age, (B) absolute arrival date for all males with 

known age, (C) relative arrival date to the annual mean for known age females breeding in two 

consecutive years, with the two left bars for females that were first observed breeding in their first 

year, and the two right bars for females first observed breeding in their second year, (D) idem for 

males. The box shows the 25–75%-percentiles, with the horizontal line being the median. 

Whiskers are the 5–95%-percentiles. Dots show the individual observations. 
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We found a similar age effect within individuals: in females arrival date in the first 

year of life was 3.37 days later than for the same individual returning in the second 

year (figure 2; paired t-test of relative arrival dates: difference: 3.37 (1.32), t = 

2.36, n = 36, p = 0.015). For males we found no such difference (paired t-test: 

difference: 1.11 (2.12), t = 0.53, n = 26, p = 0.60), although this is largely driven 

by birds born in 2012: in 2013, the six young males arrived within a narrow 

window, but were late in 2014 (see figure 3). Without the 2012-cohort, young 

males arrived 3.86 (1.98) days later in their first than in their second year of life.  

Many (especially male) individuals were not recorded in the study plots in their 

first year of life (but turned up in later years). Therefore we also analysed whether 

individuals first seen in their second year arrived later than in the third year. Males 

not seen in their first year of life tended to arrive 1.50 (0.81) days later in their 

second than in their third year (t = 1.84, n = 44, p = 0.07). There was no difference 

in arrival date between second and third year in females (difference: –0.85 (1.31),  

t = –0.65, n = 29, p = 0.52). Too few individuals were observed in all three years 

after birth to investigate whether this tendency is an age effect, or due to 

inexperience in the recruitment year.  

However, the comparison between males breeding in their second year that had 

or had not bred in their first year did not suggest that inexperienced males arrived 

later (figure 2; KW-statistic = 0.81, n = 70, p = 0.36). 

Arrival and laying date repeatability 

Spring arrival dates were repeatable in males and females for which we had 

repeated observations in multiple years. Repeatabilities on absolute arrival dates 

were lower for males (0.175, 95%-CI = 0.087–0.257) than for females (0.279, 

95%-CI = 0.173–0.378; Table 3), but the difference was not significant 

(bootstrapped p-value on difference, p = 0.15). Arrival dates relative to the annual 

mean were slightly more repeatable, and were similar for males (0.268, CI = 

0.166–0.354) and females (0.300, CI = 0.191–0.391).  

Laying date repeatability came close to arrival date repeatability in females, but 

was clearly lower in males (Table 2). In males the repeatabilities in relative arrival 

and laying dates differed significantly (mean laying date; 0.103, 95%-CI = 0.006–

0.205, Bootstrap with arrival: p = 0.018), and for absolute values there was also a 

tendency for a difference (mean laying date; 0.058, 95%-CI = 0–0.154, Bootstrap 

with arrival: p = 0.07).  

Repeatabilities in arrival dates between two consecutive years differed 

considerably (figure 3, Table 3). In females between-year repeatability ranged 

from 0.23 for 2012–13 to 0.66 for 2010–11. Pair-wise comparisons for females 

showed only significant differences between 2010–11 and 2012–13, and between 

2010–11 and 2013–14 (Bootstrapped p-values < 0.05). As with the overall 

repeatability, in males between-year repeat - ability was lower than in females 

(paired t-test on annual estimates, t = 2.67, df = 5, p = 0.043) and again showed 
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substantial variation: the lowest repeatability was 0.17 for 2013–14, and the 

highest was 0.39 for 2011–12. Pair-wise comparisons for repeatability for males in 

groups of consecutive years did not show significant differences.  

Figure 3.  Arrival dates of individual pied flycatchers in two consecutive years in Drenthe, 

The Netherlands. Regression lines are based on values of individuals excluding the known 

first year birds. Left panels: females, right panels: males. 

Consistency is the mean individual absolute difference between two consecutive 

years, and for female laying date this was 4.11 days across years (based on values 

relative to annual mean), with highest consistency between 2010–11 (only 2.81 d; 

note that a low value refers to a high consistency), and lowest between 2013–14 

(5.99 d, overall significant difference among groups of years: F5,244 = 7.47, 
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p<0.001). For female arrival date the average was 5.27 d, ranging from 3.77 d in 

2010–11 to 6.24 in 2013–14 (overall significant difference among groups of years: 

F5,253 = 2.50, p = 0.031; Table 3). For female arrival date and laying date, we 

found that consecutive years with higher consistency also had higher repeatability 

(arrival date: r = –0.95, n = 6, p = 0.004; laying date: r = –0.86, n = 6, p = 0.028). 

In contrast, consistency in male arrival was lower (5.72 d), and varied less over 

time than in females, from 5.08 in 2011–12 to 7.28 in 2009–10 (no significant 

difference among groups of years: ANOVA on groups of years, F5,316 = 1.78, 

p=0.12, for estimates see Table 3). Interestingly, for male arrival we found no 

correlation between consistency and repeatability (r = –0.08, n = 6, p = 0.89) 

suggesting that between-year variation in repeatability is not caused by changes in 

how consistent males are.  

In females and males, between-year arrival date repeatability was positively 

correlated with between-year laying date repeatability, thus showing that if 

between-year repeatability in arrival date was higher, it was also higher for laying 

dates (Pearson’s correlation: females: r = 0.86, n = 6, p = 0.028; males: r = 0.75, 

n = 6, p = 0.09). We found no consistent pattern that pairs of years that were high 

in repeatability for males were also high for females (Pearson’s correlation on 

annual estimates: r = 0.63, n = 6, p = 0.18). In females we found no difference in 

between-year repeatability between arrival dates and laying dates (mean for arrival 

date: 0.41, mean for laying date 0.39; paired t-test: t = 0.29, df = 5, p = 0.79), 

whereas in males this was different (mean for arrival date: 0.28, mean for laying 

date 0.12; paired t-test: t = 4.36, df = 5, p = 0.073).  

Repeatabilities of arrival for all observations of females were considerably 

lower than when measured on females in consecutive years (for relative arrival 

dates: 0.30 vs. 0.41; Table 3). A possible reason is that observations that come 

from consecutive years are more repeatable than observations that have more years 

in between. In females we indeed found support for such a difference: females 

from their first recorded year to the next year had a repeatability of 0.36 (SE = 

0.064, 95%-CI = 0.283–0.467, n = 156 females, relative arrival date), whereas the 

repeatability from the first to the third year was 0.23 (SE = 0.13, 95%-CI = 0.016–

0.388, n = 75 individuals). The reason is not that arrival becomes less repeatable 

throughout the life of an individual, because for females relative arrival date of the 

second to the third year of observation was even higher than from the first to the 

second (R = 0.54, SE = 0.074, 95%-CI = 0.469–0.687, n = 54). Also, if we exclude 

the first arrival date, repeatability does not increase (relative arrival date: R = 0.34, 

SE = 0.059, 95%-CI = 0.228–0.411, n = 73), suggesting that first-year arrivals are 

not less consistent than later-year arrivals. 
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Discussion 

After a journey of 5000 km, pied flycatchers arrived at their Dutch breeding 

grounds over a period of several weeks. Individuals varied in their arrival dates, 

resulting in repeatability of this trait. This repeatability in arrival dates was similar 

between males and females, but only in females reflected in repeatability of laying 

dates, as males do normally not contribute to the timing of laying date of their 

partner (van Noordwijk et al. 1981), and the correlation between male arrival and 

pairing date varied between years and was on average not high. These results 

suggest that individuals have an innate spring timing schedule. However, our 

finding that in some combinations of consecutive years arrival repeatability was 

notably lower, implies that environmental circumstances could disrupt the 

expression of this individual schedule at the end point of the migratory journey. 

Our observation that repeatability in female arrival is higher between consecutive 

years than when there is a year in between, suggests that carryover effects may 

also influence arrival (Norris et al. 2004). Whereas the observed repeatability of c. 

30% leaves ample opportunity for adaptive plasticity of arrival date in response to 

environmental conditions, our discussion is mostly focused on why individuals 

have rather consistent patterns, and why these vary in expression between years.  

Repeatability of arrival 

Consistent individual differences in arrival dates may arise from four processes 

before and during migration: individual variation in migration distance, departure 

time, duration of stop-overs and/or flight speed. Pied flycatchers are known to be 

faithful to their wintering sites (Salewski et al. 2002a), but this likely does not 

result in large within-population variation in migration distance. Recent geolocator 

data showed that our population is confined to a rather small wintering area 

(Ouwehand et al. 2015). More generally, pied flycatchers winter in a rather narrow 

latitudinal band covering the Sudanian woodlands in West Africa (Dowsett 2010), 

which results in small variation in potential migration distance, if we assume that 

all birds take roughly the same routes. In contrast, barn swallows Hirundo rustica 

winter over a much wider area, and their spring arrival does correlate with latitude 

and longitude of the wintering sites, with birds at more northern and eastern 

wintering sites arriving earlier (Liechti et al. 2015).  

Consistent variation in migration speed as the cause for the repeatability in 

arrival date is supported by data showing that longer-winged individuals arrive 

consistently earlier in pied flycatchers (Potti 1998) and barn swallows (Teplitsky et 

al. 2011). Assuming that longer winged individuals fly faster than shorter-winged 

individuals, this could explain consistent variation in arrival time even if birds all 

depart at the same date. However, spring migration speed is already fast in pied 

flycatchers: Dutch, British and Finnish males with geolocators covered the 

distance between wintering and breeding grounds in c. 17 days, with little variation 
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among individuals (Ouwehand et al. 2015). Based on the low variation in 

migration duration, we consider it unlikely that the observed variation in arrival 

date that spans often more than two weeks between the first and last 10% of the 

distribution (Table 2) is entirely caused by variation in migration speed.  

For small passerines we consider consistent individual variation in departure 

dates as the most likely cause of the observed repeatability in arrival dates. Few 

studies have shown that arrival and departure dates were positively correlated, as 

in great reed warblers Acrocephalus arundinaceus (Lemke et al. 2013) and wood 

thrushes Hylocichla mustelina (Stanley et al. 2012). Data from four common 

redstarts Phoenicurus phoenicurus indicated that arrival and departure were 

correlated, and two individuals tracked in consecutive years arrived later when 

departing later (Kristensen et al. 2013). Also, in lab studies individuals of the same 

populations have individually varying timing schedules (Pulido 2007). New data 

from our pied flycatcher population indeed shows that for 2014 there was a strong 

positive correlation between departure and arrival date (Ouwehand et al. in prep.), 

supporting our hypothesis that repeatability in arrival dates mostly comes from 

consistent individual differences in departure date from the wintering grounds.  

The question remains: if individuals have a consistent departure date from the 

wintering grounds, why is repeatability in spring arrival so variable? Repeatability 

is the fraction of total phenotypic variance that could be attributed to the 

individual, and thus can be affected by how consistent individuals are and the 

amount of phenotypic variance present (see e.g. Conklin et al. 2013). For females, 

repeatability between combinations of consecutive years was largely explained by 

how consistent arrival was in individuals, suggesting that under some 

circumstances individuals could not express their normal individual schedule, 

resulting in low repeatability. The expression of these individual schedules is 

likely to be modified by environmental circumstances. In years with poor winter 

conditions, all birds may be delayed until spring rains arrive, and therefore the 

individual variation may disappear (Tøttrup et al. 2012a; Kristensen et al. 2013). 

Initial differences in departure date can be equalized when birds hit unfavourable 

conditions during migration, with all birds queuing behind an adverse weather 

system, and then arriving synchronously upon improvement of weather conditions. 

The arrival peak in 2013 was, especially for males, likely to be caused by such an 

event, as cold conditions prevailed over western Europe at the beginning of April 

and many males arrived synchronously after the wind turned to the south and 

temperatures increased (see Supplementary material figure S1). Conditions during 

migration can also exacerbate initial departure variation, when early departing 

individuals happen to migrate under more favourable conditions than later ones. 

We thus predict that the correlation between departure date from the wintering 

grounds and arrival date on the breeding grounds differs strongly between years, 

but we lack data on departure dates for multiple years to test this.  
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Repeatability of arrival date showed large variations between years, but we found 

significant differences among groups of years only in females. Even with our large 

sample sizes, the estimates have rather large confidence intervals and therefore 

little power. Still, variation in repeatability between years is larger in females than 

males (Table 3), and females show between-year variation in consistency, whereas 

in males we could not detect such a difference. This could be interpreted as female 

timing schedules being more affected by environmental circumstances than those 

of males. Alternatively, protandry may expose males to more adverse weather 

conditions during migration and upon arrival, resulting in selective mortality 

among early birds (Brown & Brown 2000), whereas in warm years the later males 

will not obtain a nest box and for that reason are not observed (e.g. Sternberg et al. 

2002). Selective disappearance may thus reduce the phenotypic variance, and 

especially affect the individuals at the extremes, thereby reducing the observed 

repeatability for surviving individuals. These results hint at  important differences 

between sexes in their responses to environmental circumstances, suggesting that 

flexible phenotypic responses may be more prominent in females, whereas the 

observed phenotypic variance in males more likely results from selective  

disappearance.  

Comparison with other studies 

Spring arrival date has been shown to be repeatable in many studies, across a wide 

array of species (Table 1), and only a few studies did not find significant 

repeatability (Potti 1998; Cooper 2008; Muller et al. 2014). Studies however 

varied in their estimates, from a low but significant value of 0.09 in a very large 

sample of cliff swallows Petrochelidon pyrrhonota (Brown & Brown 1998), to a 

high value of 0.67 in a small sample of black kites Milvus migrans tagged with a 

satellite transmitter (Sergio et al. 2014). Various recent studies have used small 

samples of mostly large-bodied tagged birds. These studies were accurate in 

determining arrival date and often found high repeatability. Studies that rely on 

field observations of individually recognizable individuals need larger sample 

sizes.  

The variance between studies in the estimate of arrival date repeatability could 

be due to real differences among species/populations, but also the result of year -

dependent estimates or the result of different methodologies. Starting with the 

latter, some studies have analysed males and females simultaneously (e.g. Gill et 

al. 2014; Sergio et al. 2014), and if sexes arrive on average at different times (as is 

often the case: current study; Lourenço et al. 2011; Gordo et al. 2013; Coppack et 

al. 2006), the repeatability may be an effect of sex, rather than of individual 

variation within sexes. Some studies have standardized arrival dates to the annual 

mean, whereas other have not. When a trend is observed in arrival date over the 

years or temporal autocorrelation occurs, a lack of standardizing will increase 

repeatability, as most individuals are only measured in a restricted period of years 



Repeatability in spring arrival dates 

127 

(e.g. Møller 2001). Arguably, standardization has the disadvantage of reducing 

phenotypic variation, and thereby increasing repeatability for the same level of 

consistency. A final methodological issue is whether birds were sampled from a 

wintering or breeding population, or both. For example, Conklin et al. (2013) 

sampled a bar-tailed godwit Limosa lapponica population wintering in New 

Zealand, and based on geolocator data found an extremely high repeatability of 

breeding ground arrival. However, birds migrated to different latitudes in Alaska,  

and including this latitudinal effect reduced the individual component to a large 

degree. The high arrival repeatability of wood thrushes could also be a 

consequence of between-breeding population and between-sex variation (Stanley et 

al. 2012).  

Although few studies have considered sex-specific arrival repeatability within 

populations, the few studies doing so found higher repeatability estimates among 

females than among males (black-tailed Godwits Limosa limosa, eastern kingbirds 

Tyrannus tyrannus, pied flycatchers; Table 1). Our data are to some degree 

consistent with this pattern, as for non-standardised arrivals males had a lower 

repeatability estimate than females, as was the case when considering groups of 

consecutive years (Table 3). With so few studies it is unclear whether this is a 

common pattern, but as hypothesized before, males arrive earlier and under harsher 

conditions than females, and hence selective disappearance (and thus reduced 

observed between-individual variation) may be more common in males.  

Departure dates from the wintering grounds and stop-over sites are less often 

studied, but these show similar repeatabilities as well (Table 3). Most studies 

however do not separate males and females, whereas lab data on song birds show 

that sexes often depart at different times (Coppack & Pulido 2009), and sexes may 

differ in their repeatability.  

Age effect 

First-year birds arrived later than older birds, as has been found in several other 

species of long-distance migrants (Hill 1989), including pied flycatchers. In Spain 

the difference between first- and second-year males was about five days, and 

arrival date advanced up to the 3rd year (Potti 1998), similar to our study. The 

reason for the later arrival of young birds is unclear. In an earlier study based on 

ring recoveries in North Africa (Both 2010), first-year pied flycatchers from the 

same latitudes as our population were recovered about 10 days later than older 

birds (SE = 2.16, n = 160, reanalysis of a subset of this dataset: only birds from 

1975–2003, and born south of 57°N included; year of recovery included in this 

model). This suggests that they may depart later or get delayed during the crossing 

of the Sahara. Furthermore, the difference between age classes in these recoveries 

is more than twice the difference observed in arrival date of about five days. 

Although later departing individuals may travel faster, recent tracking data showed 

that first-year Wood Thrushes departed later, but also travelled slower, and thereby 
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increased the delay relative to older individuals (McKinnon et al. 2014). We 

consider it likely that also in pied flycatchers young may migrate slower and 

depart later, and that late arriving individuals are not observed because they do not 

start singing or breeding. As mentioned earlier, a large fraction of the population is 

not observed breeding locally in their first year, and these may indeed be the birds 

arriving too late. Hence, our estimate of first-year arrival may be biased towards 

the successful individuals. The reason why young birds may travel slower and 

arrive later could be inexperience (Sergio et al. 2014), but also that their 

probability to breed is low, and therefore they take less risks during migration (Hill 

1989).  

In the available data in the literature, young birds show consistently lower 

repeatability in arrival date compared to older birds (Table 1: black kites, bar-

tailed godwits, common terns Sterna hirundo, eastern kingbirds). This also 

suggests that young birds still need to learn how to migrate, and therefore show 

larger variability in arrival dates (Sergio et al. 2014).  

Implications of temporal variability 

The observed between-year variation in repeatability implies that in some years 

individually determined time schedules are expressed, whereas in other years these 

are blurred by environmental effects. It is still mere speculation whether these 

individual schedules are the result of genes (Pulido 2007; Tarka et al. 2015), 

ontogeny (Both 2010; Gill et al. 2014; Sergio et al. 2014) and/or winter habitat 

quality (Studds & Marra 2011; Kristensen et al. 2013), although all may contribute 

to different degrees in different populations (Charmantier & Gienapp 2014). If 

these individual schedules indeed exist, directional environmental change may 

either reinforce their expression or depress it. With climate change, the 

environmental conditions during spring migration may improve, and hence the 

expression of individual time schedules. If these individual schedules have a 

genetic basis, this could lead to a positive feedback in the evolutionary process, 

because heritabilities rise, assortative mating for arrival date likely increases, and 

selection thereby gets stronger. The lack of heritability at present (e.g. Potti 1998) 

may thus not be an absolute constraint in the future, as the expression depends on 

environmental effects.  

The same line of reasoning can also go in the opposite direction. Environmental 

deterioration at the wintering grounds or during migration may constrain the 

expression of individual annual schedules, and therefore heritabilities drop, and 

selection increasingly operates on the environmental variance of the phenotype. If 

sexes differ in how they are affected by environmental conditions, this may 

complicate matters further. Predicting the consequences and constraints of 

lifecycle adaptation of long-distance migrants to environmental change thus 

requires a better understanding of the ecological conditions these birds encounter 

during their winter and spring migration. The current development of tracking 
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devices helps enormously to identify the sites important in their life -cycle, but 

only longterm field work in situ would suffice to include the relevant spatio -

temporal variation in ecological conditions that affects these birds along their 

flyway.  
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SUPPLEMENTARY MATERIAL V 

Figure S1.  Daily mean temperatures in the study area from 20 March – 10 May. For comparison 

the daily mean for the period 1990–2014 is also given (gradual grey line). Black arrows denote 

the date when 10% of the males (black arrow) and females (pink arrow) had arrived.
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Abstract 

Properly timed spring migration enhances reproduction and survival. Climate 

change requires organisms to respond to changes such as advanced spring 

phenology. Pied flycatchers Ficedula hypoleuca have become a model species to 

study such phenological adaptations of long-distance migratory songbirds to 

climate change, but data on individuals’ time schedules outside the breeding 

season are still lacking. Using light-level geolocators we studied variation in 

migration schedules across the year in a pied flycatcher population in the 

Netherlands, which sheds light on the ability for individual adjustments in spring 

arrival timing to track environmental changes at their breeding grounds. We show 

that variation in arrival dates to breeding sites in 2014 was caused by variation in 

departure date from Sub-Saharan Africa, and not by environmental conditions 

encountered en route. Spring migration duration was short for all individuals, on 

average two weeks. Males migrated ahead of females in spring, while migration 

schedules in autumn were flexibly adjusted according to breeding duties. 

Individuals were therefore not consistently early or late throughout the year. In fast 

migrants like our Dutch pied flycatchers, advancement of arrival to  climate change 

likely requires changes in spring departure dates. Adaptation for earlier arrival 

may be slowed down by harsh circumstances in winter, or years with high costs 

associated with early migration.  
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Introduction 

Migration is an adaptive response to seasonally changing resources. Migrants 

profit from peaks in food abundance at their temperate breeding grounds, but avoid 

harsh conditions in winter (Alerstam, Hedenström & Åkesson 2003). Proper timing 

is considered a key element in the migratory life style. An early arrival at breeding 

sites enhances an individual’s chance to obtain a high quality territory and mate 

(Lundberg & Alatalo 1992; Kokko 1999), which intensifies selection for timely 

and fast spring migration (Alerstam 2011; Nilsson, Klaassen & Alerstam 2013). 

Migrating too early can entail considerable costs of mortality when birds encounter 

adverse weather or poor food supply upon arrival (Newton 2007). This intense 

selection on pre-breeding timing is expected to reduce variation in spring timing 

among birds, while post-breeding events are expected to be more variable 

(McNamara, Welham & Houston 1998). In addition to natural drivers of selection, 

human induced changes in the environment do impose additional and increasingly 

important selection pressures. Afro-Palearctic migrants currently face rapid, 

ongoing environmental changes at their wintering grounds (Vickery, Ewing & 

Smith 2014), and also at their breeding grounds where the timing of peak food 

abundance advances as result of climate change (Both et al. 2009). It is yet unclear 

how well complex migratory life-cycles are suited to adapt to such changing, and 

potentially less predictable, environments (Knudsen et al. 2011).  

Pied flycatchers Ficedula hypoleuca have become a model species to study life-

cycle adaptation of long-distance migrants to climate change, with an emphasis on 

how climate warming perturbs existing phenological adaptations at the breeding 

grounds (Møller, Fiedler & Berthold 2010). Long-term data from 25 European 

populations showed that flycatchers had the strongest advancements in laying dates 

in areas with most spring warming (Both et al. 2004). Observed responses have 

often been explained as phenotypic plasticity, with birds incorporating local 

environmental conditions into migration and breeding decisions upon approaching 

or after arrival at their breeding sites (Ahola et al. 2004; Both et al. 2004; Both, 

Bijlsma & Visser 2005; Both and te Marvelde 2007; Hüppop & Winkel 2006; 

Lehikoinen et al. 2004). Breeding ground studies also posed various claims about 

the underlying mechanisms and ability of migrants to alter their migration 

schedules to climate change without much data on individual time schedules 

(Knudsen et al. 2011), particularly outside the breeding season. A lack of change 

in spring arrival was interpreted as inflexibility associated with the mechanism 

controlling migration departure from the wintering grounds (Both & Visser 2001), 

while a later study, suggested that temperature constraints during migration 

uncoupled spring departure from arrival at the breeding grounds (Both 2010).  

Our limited knowlegde on how flexible individual migration schedules are for 

free-living flycatchers comes from breeding ground arrival dates.  Pied flycatchers 
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in Spain and the Netherlands exhibit moderate repeatability in arrival dates, 

showing that timing is consistently different among individuals (Both, Bijlsma & 

Ouwehand 2016; Potti 1999 females only). This repeatability may hint at a 

heritability of innate, rigid difference in migration timing as found in laboratory 

studies (Gwinner 1996b). Alternatively, consistency in timing can arise from 

reversible state effects that accumulate over an individual’s life (Senner, Conklin 

& Piersma 2015). The latter has been described in American redstarts: early arrival 

at high quality wintering sites advanced the timing of migratory departure in spring 

and, subsequently led to earlier arrival timing and higher reproductive success 

(Marra, Hobson & Holmes 1998; Norris et al. 2004), which may subsequently 

carry-over to earlier autumn migration.  

Despite pied flycatchers being one of the best studied migrant species in 

relation to climate change, data on individuals’ time schedules and decisions in the 

wild outside the breeding season are still lacking. Hence it remains an open 

question as to what degree the observed variation and changes in arrival dates are 

driven by individual adjustments in migration duration or departure decisions 

(Tarka, Hansson, & Hasselquist 2015), or genetic adaptation in time schedules 

(Jonzen et al. 2006). Here we make the crucial step by extending our 

understanding to phases prior to arrival at the breeding sites, because migrants’ 

ability to adjust life-cycles to environmental change will depend on the constraints 

and response modes of all traits involved (Botero et al. 2015), including those 

during the migration phase. 

In this paper we aim to describe determinants of arrival date at the breeding 

grounds and their relation to preceding annual cycle events in the long-distance 

migratory pied flycatcher (hereafter, ‘flycatcher’) using light-level geolocators 

(hereafter, ‘geolocators’). Tracking studies in several species showed that variation 

in timing of arrival within breeding populations is mainly determined by wintering 

departure (e.g. Callo, Morton & Stutchbury 2013; Jahn et al. 2013; Lemke et al. 

2013; Tøttrup et al. 2012b). Strong correlations among timing events in spring may 

be expected if individual differences in migration schedules are rigid, and the 

pressure for early arrival at breeding sites is strong. If strong selection, however, 

reduced the variation in spring migration strategies among individuals, these 

correlations are likely weaker. Furthermore, studies looking at within-individual 

changes in other passerines showed that birds adjusted their spring departure 

(Studds & Marra 2011) or arrival timing (Balbontin et al. 2009) to external 

conditions in winter and during migration. Such fine-tuning to conditions along the 

migration routes, also proposed in pied flycatchers (e.g. Ahola et al. 2004; Both 

2010), can thereby disrupt the predicted strong correlation among timing events in 

spring (Marra et al. 2005; Both 2010).  

Migratory life-cycles as we observe them will therefore not only depend on the 

underlying mechanisms, but also on an individuals’ ability to behave accordingly. 

Individual differences in quality, condition and experience (Kokko 1999; Sergio et 
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al. 2014; McKinnon et al. 2014) may further mediate migratory performance and 

payoffs associated with specific migratory timing, meaning that individuals may 

adjust their migration decisions in response to intrinsic as well as external 

variables. Such ‘mediated performance’ was found for Spanish pied flycatchers 

where age and age-independent variation in wing length were correlated with male 

arrival dates (Potti 1998). In such circumstances, variation in spring migration 

schedules due to differences in endogenous program or cue-responses to 

photoperiod (e.g. Maggini & Bairlein 2012; Gwinner 1996b) may not become 

visible in arrival dates: i.e. the effect of variation in wing length and age on 

migration speed may override the underlying time schedules and hence determines 

individual variation in arrival timing (Potti 1998). 

In this paper we examine if differences in timing between individuals persist or 

change over the course of a year by studying i) correlations between sets of  annual 

cycle events, and, ii) changes in population variability in timing over the course of 

the year. We specifically examine if differences among birds in sex and breeding 

status, or breeding phenology contribute to the observed variation in migratory 

schedules. Because differences in wintering site location (here, longitude) have the 

potential to contribute to variation in timing, as recently shown between flycatcher 

populations (Ouwehand et al. 2016), we also test if differences in wintering 

longitude within our Dutch breeding population are correlated with timing of 

annual cycle events. 

Tracking studies are a great tool to describe individual differences in avian 

migrants, but geolocator attachment may also mediate their performance (e.g. 

Costantini & Møller 2013), and thereby hamper reliable inferences about natural 

migration behaviour. We therefore first investigated geolocator and harness impact 

on survival and timing of arrival and egg laying.  

With this study we shed light on the role that individual adjustments during the 

migration period have in allowing long-distance migrants’ to successfully track 

environmental changes.  

Materials and methods 

Study system and field observations 

Timing of migration in flycatchers was studied in 2013-2014 using field and 

geolocator data from a nest box population established in 2007 in the 

Dwingelderveld, the Netherlands (52°49’ N, 6°22’ E). The area consists of 12 plots 

located in forest patches dominated by oak, pine or mixed forest, with each 50 or 

100 nest boxes (approx. 50 m apart). This population has roughly 300 breeding 

pairs, and an early breeding phenology compared to other European populations 

(Both & te Marvelde 2007). Between years, 5-20% of males that occupy a territory 

failed to attract a female (Both unpubl data), hereafter referred to as ‘unpaired 

males’. 
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Individuals were generally captured and ringed in the nest box halfway incubation 

(females) or when feeding 7-d old chicks (males, females). Males still unmated in 

mid-May were caught during nest box advertisement or using mist nets.  The age of 

unringed immigrants was estimated using feather characteristics, while age is 

known for locally hatched birds. Sex was determined from plumage characteristics 

and the presence of a brood patch. We visually monitored the spring arrival at least 

every other day from April until mid-May: based on territorial behaviour (males) 

or pair dates (females). Male and female identities as inferred from these 

observations were checked and confirmed when captured later in the season (for 

more details, see Both, Bijlsma & Ouwehand 2016). Newly built nests were 

monitored at least every other day to determine the onset of egg laying. Actual 

hatching dates were defined by daily nest checks around predicted hatching dates.  

Geolocators 

In 2013, 100 adults were equipped with Intigeo-W50 geolocators without light-

stalk (Migrate Technology Ltd, Cambridge, UK). Breeding birds (n = 28 females, 

n = 55 males) were tagged prior to chick fledging, (chick age: 6-15 d). We 

deployed the remaining geolocators on all available unpaired males still present at 

20 May (n = 17). Most devices were attached using leg-loop harnesses, hereafter 

‘LL’ (28 females, 52 males; following Rappole & Tipton 1991), but we also 

equipped 20 breeding males with full-body harnesses consisting of one loop 

around the neck and one around each wing, thus placing the device somewhat 

higher on the bird’s back. A possible advantage of a FB harness could therefore be 

that it places the tracking device closer to the gravity centre of the flying bird.  We 

performed this pilot study with full-body (FB) harnesses to test if they reduce the 

impact of geolocators on birds behaviour and performance. A FB harness may 

potentially increased drag (Bowlin et al. 2010), but field studies using them have 

not found negative effects (e.g. Åkesson et al. 2012). Body mass at the time of 

logger deployment was between 11.2 - 13.7 g (mean = 12.3 g, n = 98); geolocators 

weighed ~0.52 g including harness (range = 0.50 - 0.55 g; n = 24), which 

corresponded to 4.2% of the bird’s body mass on average (range = 3.9 - 4.6%; n = 

24). 

We retrieved geolocators by capturing individuals at their nest box or using 

mist nests in 2014 (n = 26) and 2015 (n = 3). Geolocation data were downloaded 

and, if still recording data upon recapture, linearly corrected for clock-drift (max = 

85 sec). We determined twilight times with TransEdit (British Antarctic Survey, 

Cambridge) on transformed light data (i.e., log (Lux)* 20) with thresholds between 

6-12, and a minimum dark-period of four hours. We used a Loess-function in the 

R-package GeoLight 1.03 (Lisovski & Hahn 2012) to remove clear outliers from 

the transition file. We used geolocator-specific k-values to define when points are 

outliers (range: 2-3), because data quality varied among loggers. Per geolocator, 

we tried various k-values and chose the value that excluded most late sunrises and 
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early sunsets (i.e. points influenced by shading), without filtering out many early 

sunrises and late sunsets.  

Timing and duration of migration 

Filtered transition files were used to define timing of major migratory events: i.e., 

onset of autumn migration, arrival at the stationary non-breeding area, onset of 

spring migration, and arrival at the breeding grounds. Migration schedules were 

not inferred at a finer scale to prevent that differences in the number of ‘stopovers’ 

is just due to data quality (within and between birds) rather than movement 

behaviour. The breeding period in Europe and non-breeding residency period in 

sub-Saharan Africa (hereafter, ‘wintering’) could also include smaller-scale 

(especially latitudinal) movements, but not large-scale directional movements such 

as during autumn and spring migration (figure S4, Supplementary material). To 

extract timing events, we used the ChangeLight function in the R-package 

GeoLight (Lisovski & Hahn 2012), which marks transitions between stationary and 

movement periods based on the quantile probability threshold ‘Q’ and a minimum 

stopover of 3 days. We used geolocator-specific Q-values (ranged:0.88-0.95) 

because the interpretation of Q is influenced by data quality. We chose Q-values 

that picked up more changes than we needed (between 10-18 periods) to increase 

our ability to extract movements during periods when shading events were 

dominant.  

In several cases, single outliers were thereby regularly erroneously defined as 

movements. Therefore, short periods as defined by ChangeLight were manually 

pooled into four major phases, based on position-overlap of periods (plotted with 

preliminary sun elevation angles obtained by Hill-Ekstrom calibration) and 

directional changes in twilight times, longitude and latitude. Gradual movements 

can be difficult to detect with the ChangeLight-function during periods when data 

quality is low (Ouwehand et al. 2016), possibly because day-day shading exceeds 

the distance of daily movements. We therefore compared the migration schedule 

inferred from ChangeLight with visual inspections from longitudes over time. 

Three of 26 spring events, i.e. winter departure or breeding arrival, were not 

recognized: with differences of more than two weeks from the closest event 

inferred via ChangeLight. In autumn, deviations in breeding departure or wintering 

arrival were more common: i.e. 5 days or more for 13 of 54 events (of which n = 3; 

range 10-15d). In such cases the particular movement event (i.e. the one not 

recognized by ChangeLight) was adjusted based on visual inspection of directional 

changes in twilight times and longitude. Our method is thus not fully-standardized, 

but strong resemblance between geolocation and field estimates of spring arrival 

suggests a high accuracy of our approach to define timing events, at least in spring 

(Both, Bijlsma & Ouwehand 2016). Although autumn schedules may seem less 

accurate (by gradual movements, stronger shading), the clearer longitudinal 
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component in autumn migration compared to spring helps to reliably infer autumn 

migration events (figure S4, Supplementary material; Ouwehand et al. 2016).  

Two other migratory events could be inferred with high exactness from our raw 

light-data files: twice a year a short period occurred with smooth transitions 

without shading events and high maximum daily light values. Such events lasted 1 -

2 day-light curves, and suddenly ended with an abrupt occurrence of shading 

during the day. Such bright periods refer to short windows of diurnal-flight 

(hereafter, ‘diurnal-flight’) that likely enable individuals to rapidly cross barriers 

(Ouwehand & Both 2016). These diurnal-flights periods are associated with large 

changes in twilight times and major migratory movements and initiated from major 

fuelling sites: i.e. the Iberian peninsula in autumn and the wintering locations in 

spring (Ouwehand & Both 2016). Autumn diurnal-flight was detected in all birds 

and spring diurnal-flight in 14 of 15 birds where devices worked long enough to 

record the onset of spring migration. 

Wintering longitude 

GeoLight was used to calculate longitude positions (but not latitude) twice each 

day. Since flycatchers show site-fidelity to wintering sites (Salewski, Bairlein & 

Leisler 2000), we used the median longitude in January to approximate wintering 

locations. Using such a core dry-season period reduces effects of shading, and 

hence improves longitude precision (Ouwehand et al. 2016). Precision (i.e. 25-

75% quartile range) was on average, 0.50°W and 0.45°E of the median longitude.  

As shading conditions can change sharply in flycatchers even within stationary 

periods (Ouwehand et al. 2016), obtaining reliable geolocation estimates of 

latitude is therefore difficult. Changing shading conditions limit the use of in-

(breeding-)habitat-calibration to obtain appropriate sun elevation angle for the 

whole year, challenge the assumption of stable shading to perform Hill -Ekstrom 

calibration (see Ouwehand et al. 2016). Moreover, precision of latitude will easily 

cover the whole latitude range in winter, and is therefore not used for our within -

population comparison of events. 

Statistical analyses 

Geolocator impact 

We explored potential impact of geolocation deployment and harness type by 

comparing local return rates, and spring arrival and laying dates of birds with and 

without geolocators (hereafter ‘controls’) for 2013-2014. Controls consisted of 

birds that raised chicks in the same study-plots as the geolocator individuals 

(except for four individuals in one plot, with less systematic catching and 

monitoring). Proper controls for unpaired males were missing, as all unpaired 

males were equipped with geolocators. We excluded one female returning without 

geolocator from the impact analysis. Local annual return rates were the number 

recaptured in 2014 divided by the number within a group in 2013.  
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To test if geolocators affected return rates of flycatchers, we used generalized 

linear mixed models (GLMMs) with binomial errors and logit-link function in the 

R-package ‘lme4’ (Bates & Maechler 2009). We first test whether harness type

(‘LL’, ‘FB’, ‘controls’) affected return rates within breeding males. Because

differences among harness types were found, we did not pool geolocator birds

equipped with different harness types in further analyses. We tested if geolocators

affect return rates of breeding birds using a GLMM with ‘device’ (geolocator with

LL, control) and ‘sex’, and its 2-way interaction.

Moreover, we tested if geolocators impacted spring arrival and female egg 

laying in 2014. We only included arrival estimates until 20 May, as arrival 

observations after this period were less systematic and likely refer to individuals 

that first tried to settle in other areas. We also excluded two egg laying dates that 

probably refer to replacement clutches: i.e. being 20 d later than the population 

mean date. We compared arrival and laying dates between years within individuals 

as both traits are repeatable (Both, Bijlsma & Ouwehand 2016). To account for 

year and sex differences in timing, we defined timing as the ‘relative’ difference in 

days from the year- and sex-specific mean for the population (from Both, Bijlsma 

& Ouwehand 2016). Using linear models (LMs), we added relative timing in 2013 

as covariate when testing for geolocator impact on timing only if it significantly 

explained relative timing in 2014. This was true for male arrival and when arrival 

timing of sexes was pooled, while ‘relative timing 2013’ dropped from the model 

when testing females separately. 

Timing of annual cycle events 

We first analyzed how timing between consecutive migratory events were 

correlated using LM (i.e. from breeding departure until spring arrival). Because we 

aimed to understand which event was most important to explain variation in arrival 

dates, we tested the strength of correlations between timing of spring arrival and 

any of the preceding timing stages. If no geolocation estimate was available for 

spring arrival timing (i.e. n=15 geolocators stopped working before birds arrived at 

their breeding grounds), we used field estimates of arrival instead, as these two 

measures are highly correlated (i.e., r = 0.98, n = 13; Both, Bijlsma & Ouwehand 

2016). 

We hypothesized that variation in migration timing decreases chronological 

towards the breeding season and tested this by examining the rank order of 

temporal variation (i.e., standard deviation of a stage) across migration stages. We 

excluded ‘spring diurnal-flight’ as it appears to define the same event as spring 

departure time (see results), which agrees with strong resemblance in longitudes 

from where birds initiated these events (Ouwehand & Both 2016). The onset of 

diurnal-flight (inferred from raw data) thereby confirms the accuracy of our 

approach, at least to infer spring departure. We used all 14 individuals with 

complete data for the five remaining stages. As we had the hypothesis of reduced 
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variation towards the breeding season we used one-tailed Spearman-rank 

correlations in the R-package ‘pvrank’ (Amerise, Marozzi & Tarsitano 2015) to 

test if observed ranks followed the expected negative rank-correlation, using 

conservative p-values. We expected variation in timing partly to arise from sex 

differences, and thus repeated the above analyses with an individual’s timing 

expressed relative to its sex-specific mean for each event, in case we detected a 

trend or significant sex-differences in timing (see Table S2, Supplementary 

material). 

Next, we explored how migration timing during the annual cycle changed 

depending on its sex and breeding state. We built a linear mixed-effect model of 

relative timing across five migration stages with individual as random effect, using 

the 14 individuals with complete data. We examined whether birds in different 

sex/breeding categories (i.e. ‘unpaired male’, ‘breeding female’ or ‘breeding 

male’) showed different changes in relative timing (dependent): i.e. the difference 

of an individual to the mean date (1 = 1 April 2013) per stage for the entire 

population. We examined the main effect of ‘sex/breeding category’ and the 

‘sex/breeding category’x‘stage mean date’- interaction and evaluated their 

significance using likelihood ratio tests against reduced models (with maximum 

likelihood). This interaction allowed us to test if time schedules of birds from the 

different breeding categories progress in different ways i.e. become earlier or later 

over the year relative to the overall mean date. Parameter estimates were obtained 

from minimal adequate models with restricted maximum likelihood. If differences 

among sex/breeding categories were found, we post hoc determined how big these 

differences were within each stage using LMs. 

For breeding birds, we tested whether hatching date of their clutch affected the 

timing of subsequent migration events using LMs. However, returning geolocator 

females hatched their broods in 2013 earlier than geolocator males (Table S4, 

Supplementary material), possibly as a result of non-random return of, mainly 

early, geolocator females (figure S2, Supplementary material).To prevent merely 

reporting sex differences, rather than the influence of egg hatching date per se on 

timing, we expressed hatch dates and the (dependent) timing events as days 

relative to the sex-specific mean date, if sex-differences occurred (Table S2, 

Supplementary material). 

Finally, we used LMs to determine if wintering longitude affected spring 

departure and arrival, or was affected by hatch date and wintering arrival. 

All analyses were performed in R (v. 3.2.2; R Development Core Team). 

Timing values are expressed as means ± s.d. unless reported otherwise.  
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Results 

Geolocator impact 

In 2014, 27 of the 100 adults returned that were equipped with geolocators in 2013 

(one lost its device). Three more birds returned in 2015. Return rates are based on 

birds returning in 2014 (Table S1, Supplementary material), and are thus minimal 

estimates of local survival rates. 

Males deployed with a full-body harness (FB) returned significantly less than 

males with leg-loop harness (LL) and controls (𝑋2  = 8.9, d.f. = 2, p = 0.012; 10 % 

vs. 34 % and 43 % respectively). We could not detect significant differences 

between harness types on the relative spring arrival of breeding males in 2014 

(F2,36 = 1.2, p = 0.30: accounting for arrival date 2013). However, FB males 

arrived 6.8 d later than controls, while for LL males this difference was negligible 

(+0.05 d; figure S1a, Supplementary material). Because FB males had significantly 

reduced return rates and arrived almost seven days later, the subsequent analyses 

and results exclude the two FB males. 

We found no significant difference in return rates of breeding geolocator adults 

(males + females) with LL-harness (30%) compared to the 35% observed in 

control birds (𝑋2  = 1.3, d.f. = 1, p = 0.26). Females had a lower local return rate 

(𝑋2  = 5.0, d.f. = 1, p = 0.025; 27% vs. 40% for males) but including sex, did not 

show an effect of carrying a geolocator (‘device + sex’: 𝑋2  = 1.9, d.f. = 1, p = 

0.16) nor did the interaction (‘device x sex’: 𝑋2 = 0.1, d.f. = 1, p = 0.75). Return 

rates of unpaired LL males were not significantly different from breeding LL 

males (𝑋2 = 0.2, d.f. = 1, p = 0.63; 41% vs. 34% returned respectively). 

The timing of relative spring arrival in 2014 for LL-geolocator birds that bred 

in 2013 was, on average, 2.8 d later, which was not significantly different from 

control birds (F1,64 = 2.0, p = 0.16: accounting for arrival date in 2013). This delay 

was mainly caused by non-significant differences in females: geolocator females 

were 3.2 d later in spring arrival (p = 0.37) and egg laying date (p = 0.26) in 2014 

when compared to controls (figure S1a,b, Supplementary material).  

We found no evidence that early and late birds responded differently to device 

deployment (‘relative date 2013  device’: F1,64 < 0.01, p = 0.98).  

Timing of annual cycle stages 

Arrival date at the breeding grounds was positively correlated with departure from 

the wintering grounds (figure 1a). The steep slope and tight correlation 

demonstrate that spring migration duration was similar across individuals (mean = 

13.6 ± 2.9 d; range = 9-18 d; n = 14), whereas individuals varied in departure date 

by up to five weeks (Table S3, Supplementary material). Departure from the 

wintering grounds was quickly followed by the onset of ‘diurnal-flight’ (figure 
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S3b, Supplementary material), which suggest that most birds almost immediately 

started with prolonged flights to cross the Sahara desert.  

Post-breeding stages were positively correlated (figure 1c-e): later departing 

individuals from the breeding grounds showed later onset of diurnal-flight in fall 

and subsequently arrived later at their wintering grounds. We found a tendency for 

individuals with later hatching offspring to have a later diurnal-flight onset in 

autumn (p = 0.084), but none of the other subsequent stages were correlated with 

hatching date (Table S4, Supplementary material). Yet, birds that departed late 

from the breeding grounds advanced their time schedules somewhat over the 

course of autumn migration (figure 1c). Migration in autumn took 34.3 ± 7.1 d; 

range =17-48 d; n = 27), more than twice as long and was more variable than in 

spring, as indicated by less tight correlations in autumn (figure 1c,a).  

We found no correlation between winter arrival and spring departure (figure 

1b), nor between breeding arrival and autumn migratory events such as wintering 

arrival (F1,21 = 2.2 , p = 0.15), autumn diurnal-flight (F1,21 = 0.1, p = 0.76) or 

autumn departure (F1,21 = 0.2, p = 0.67). 

 

 

 

 

 

Figure 1.    Correlations between timing of consecutive migration events of pied flycatchers over 

2013-2014 (breeding males in squares, unpaired males in stars, females in dots), as inferred from 

geolocation and/or field data. Solid lines show significant relations (p < 0.05).  
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Variation in autumn timing thus disappeared during the half year they stayed in 

sub-Saharan Africa (216 ± 11 d, range = 194-231 d). Despite this buffering in 

winter, variation in spring departure was large, up to five weeks. The temporal 

variation in a stage did not diminish as birds approached the breeding grounds 

(Spearman-rank test on s.d. : rs = 0.60, n = 5 stages, p = 0.78, n = 14 birds). This 

was partly caused by sex differences in spring departure and arrival; with males 

migrated two weeks earlier than females (see Table S2, Supplementary material). 

However, even if we expressed timing relative to the sex-specific mean in each 

stage, temporal variation did not decrease when approaching the breeding grounds 

(Spearman-rank test on s.d.: rs = 0.50, n = 5, p = 0.74): the range in spring 

departure dates was still three weeks. 

Breeding status and sex influenced how an individual’s relative timing changed 

over the season (figure 2), as shown by the interaction of ‘sex/breeding category x 

stage mean date’ in the set of individuals for which we had timing across all 

migration stages (LMM: 𝑋2  = 14.1, d.f. = 2, p < 0.001, marginal R2 = 0.51). A post

hoc analysis revealed that breeding males were about 10 days later than unpaired 

males in departure from the breeding grounds (F1,9 = 44.1, p < 0.0001, R2 = 0.81),

autumn diurnal-flight (F1,9 = 18.9, p < 0.005, R2 = 0.64) and arrival at the wintering

site (F1,9 = 5.7, p < 0.05, R2 = 0.32).

Figure 2.  Changes in timing across the annual cycle for breeding females (dots, solid line; n = 3), 

breeding males (squares, solid line, n = 5) and unpaired males (stars, dotted line, n = 6). Relative 

timing is the mean group-difference from the stage mean date in all 14 individuals. The x-axis 

shows the stage mean date. Lines are inferred from LMM.  
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In spring, these breeding males left five days ahead of unpaired males (a non-

significant difference, p = 0.25) and arrived 4.5 days earlier at the breeding sites 

(p = 0.23). Males with breeding duties showed similar departure, diurnal-flight and 

arrival at wintering sites in autumn as females (all p > 0.50) but were almost 17 

days ahead of females in spring departure and arrival (respectively:  F1,6 = 13.6, p < 

0.011, R2 = 0.64; F1,6 = 21.6, p < 0.005, R2 = 0.75; figure 2). Spring migration

duration was similar for breeding males, females and unpaired males (F 2,11 = 0.11, 

p = 0.90). 

Male breeding status did not influence at which longitude an individual spent 

the winter (F1,18 = 1.5, p = 0.24), nor were there differences among the sexes (F1,25 

= 0.2, p = 0.66). Wintering longitudes ranged from 10.15° W to 5.17° W (mean = 

7.4°W ± 1.0°). Within this range, there were no correlations between wintering 

longitude and wintering site arrival (F1,25 = 0.1, p = 0.74) nor the onset of autumn 

migration (F1,25 = 0.05, p = 0.88). Wintering longitude also did not affect winter 

departure (F1,13 = 0.2, p = 0.69) or spring arrival dates (F1,21 = 0.3, p = 0.57) neither 

when considering sex differences in spring timing (see Table S2 and S4, 

Supplementary material). 

Discussion 

This paper aims to understand individual variation in timing of the annual cycle in 

a long-distance migrant, to elucidate the potential to advance spring arrival and 

breeding dates in response to climate change. We found that during spring 

migration, pied flycatcher males and females travel in only two weeks from West  

Africa to their Dutch breeding sites. Most birds almost immediately started these 

migrations with a prolonged flight to cross the Sahara desert. Individuals varied in 

departure dates, but not migration duration, resulting in a strong positive 

correlation between wintering ground departure and spring arrival. These patterns 

were unlikely affected by artifacts of geolocator deployment, as we found no 

differences between geolocator birds equipped by leg-loop harnesses with a large 

control group. Thus, in our study, variation in spring arrival dates was caused by 

variation in departure dates, and not by variation in migration rates.  

Annual variation in mean population arrival dates of flycatchers has been 

interpreted as variation in migration speed in response to conditions en route, 

because of correlations with weather patterns encountered  (e.g. Both, Bijlsma & 

Visser 2005; Lundberg & Alatalo 1992; Ahola et al. 2004; Hüppop & Winkel 

2006). Paradoxically, our data on individuals suggest little potential for Dutch 

flycatchers to migrate faster, as they covered >5000 km during spring migration in 

less than two weeks, leading to an estimated migration rate of ~370 km/day (i.e. 

minimal great-cycle distance / migration duration), which is considerably faster 

than similarly sized passerines (e.g. Lemke et al. 2013; Kristensen, Tøttrup & 

Thorup 2013; McKinnon et al. 2013, 2014; Hahn et al. 2014). 
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Spring departure dates varied over three weeks in males and hence there seems 

large potential for selection to advance arrival dates via changes in spring 

departure schedules. The population variation in spring departure and arrival was 

also not reduced relative to other migration stages, despite the assumed fitness 

benefits of properly timed arrival at the breeding sites. As in several other long-

distance migrants (Newton 2008), flycatchers arrived over a considerable period 

each spring (Lundberg & Alatalo 1992; Both, Bijlsma & Ouwehand 2016). Our 

data support the notion that variation in arrival date is caused by individuals 

varying in departure date from their wintering grounds. Similarly strong positive 

correlations between winter departure and spring arrival dates were found in great 

reed warblers Acrocephalus arundinaceus (Lemke et al. 2013), red-eyed vireos 

Vireo olivaceus (Callo, Morton & Stutchbury 2013) and western kingbirds 

Tyrannus verticalis (Jahn et al. 2013). In our study, part of the variation in 

departure schedules was explained by males departing before females. This fits 

with males arriving prior to females in our population (Both, Bijlsma, Ouwehand 

2016), but the extent of protandry can vary among populations (Schmaljohann et 

al. 2016). Even when taking into account the observed protandry, large variation in 

spring departure schedules still occurred.  

Variation in wintering ground departure was unrelated to timing events in 

autumn, and thus we did not find maintenance in timing differences across the 

annual cycle. Instead, the differences in time schedules as found in autumn shifted 

relative to timing differences in spring (e.g. in diurnal flight events). The rank-

order in timing among birds broke up during winter, also when sex-differences in 

spring timing were accounted for. Such shifts in time schedules were also found 

among different barn swallow Hirundo rustica breeding populations (Liechti et al. 

2014). We expected consistency if endogenous schedules determine autumn and 

spring migration, or if individuals with an early autumn migration and arrival at 

their wintering sites, have an advantage later in the annual cycle – e.g. via prior 

occupancy – that enables them an earlier departure and arrival in the following 

spring. We did not detect correlations that hint at the latter: e.g. wintering 

longitude was not correlated to an individual’s arrival at or departure date from the 

wintering grounds. Previous studies that found similar patterns, have often 

suggested that autumn migration timing is more easily adjusted, while spring 

migration is under stronger selection and/or less flexible (Stanley et al. 2012; 

Senner et al. 2014; Sergio et al. 2014).  

How annual cycles developed across the year depended strongly on whether or 

not birds bred. Unpaired males left their territories about 10 days ahead of 

breeding males. Despite their earlier winter arrival, most unpaired males started 

spring migration later than breeding males and hence arrived later at the breeding 

sites. Intriguingly, the probability that a returning geolocator male got mated in 

2014 did not depend on their spring arrival timing per se, but rather on their prior 

breeding status. Only 17% of the males that were unpaired in 2013 were found 
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breeding in 2014, while 67% of males that bred in 2013 also bred in 2014. This 

hints at intrinsic quality differences in birds that affect both breeding prospects and 

migration schedules. Intrinsic differences in spring departure may be dictated by 

genetic and photoperiod-induced migratory schedules (Maggini & Bairlein 2012; 

Saino et al. 2015; Bazzi et al. 2015), although other factors such as wintering 

conditions or age can also influence departure decisions (Kristensen et al. 2013; 

Sergio et al. 2014; Cooper, Sherry & Marra 2015; McKinnon et al. 2014; Mitchell 

et al. 2015). In our study, male breeding status was also associated with age: five 

out of six non-breeders with geolocators were in their second year, whereas only 

two out of ten breeders were second year males. Annual cycle schedules are 

expected to vary with age: arrival date advances with age up to four years in male 

flycatchers (Both, Bijlsma & Ouwehand 2016; Potti 1998). Differences in breeding 

prospects and migration schedules between breeders and non-breeders may thus be 

an age effect. Such age effects on arrival timing have also been shown in recent 

tracking studies, although these are – contrary to our findings – often reflected in 

their migration speeds (as e.g. in McKinnon et al. 2014; Sergio et al. 2014; 

Schmaljohann et al. 2016; Mitchell et al. 2015).  

Whether the variation in spring departure date is flexible or a more innate 

individual trait is unknown, but it shows the potential for adjustment of arrival date 

through changes in departure. This fits with the 10-d advance in spring recovery 

dates of pied flycatchers in North Africa across 1980-2002 (Both 2010). It seems 

therefore paradoxical that previous studies did not observe advancements in spring 

arrival in Dutch flycatchers breeding in Hoge Veluwe (Both & Visser 2001). One 

may argue that the fast migration and tight correlation between winter departure 

and spring arrival were not representative. If the spring of 2014 happened to be 

highly favorable and lacked adverse conditions en route this may also explain why 

pied flycatchers migrated at rates that are among the fastest recorded in smaller 

migrants (e.g. Tøttrup et al. 2012b; a; Lemke et al. 2013; Kristensen, Tøttrup & 

Thorup 2013; McKinnon et al. 2013, 2014; Hahn et al. 2014). However, the few 

spring tracks of Dutch flycatcher males from previous years (Ouwehand et al. 

2016) exhibited similar (2013: mean = 14 d, n = 2) or a slightly longer migration 

durations (2012: mean = 19.5 d, n = 2) compared to 2014, suggesting that spring 

migration in flycatchers is generally fast. Additionally, spring arrival in 2014 in 

our study area was not especially early, again suggesting that conditions were not 

exceptionally favorable (Both, Bijlsma & Ouwehand 2016).  

It is important to note that variation in departure may result from conditions at 

the wintering grounds, which can vary in time and space (Saino et al. 2007; Studds 

& Marra 2007). Especially wintering latitude is expected to affect rainfall patterns 

and hence habitat quality, and unfortunately our data did not allow to investigate 

whether this associates with departure date. Pied flycatchers occupy a range of 

wintering habitats in a landscape characterized by gradients in rainfall (Morel & 

Morel 1992; Salewski et al. 2002b; Salewski, Bairlein & Leisler 2002a; Dowsett 
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2010) that create complex spatio-temporal variation in conditions important for 

spring fuelling. Annual variation in departure conditions can thus potentially 

explain variation in breeding ground arrival, which is in agreement with the 

fluctuations in the strength of repeatability in arrival dates amongst sets of years in 

our flycatcher population (Both, Bijlsma, Ouwehand 2016).  

Dutch pied flycatchers seem to have limited options to adjust  their arrival at the 

breeding grounds apart from advancing departure date. In contrast, other long-

distance migrants with slower and more variable migration rates may advance 

spring arrival by faster migration.The ability of pied flycatchers to advance arrival 

dates in response to rapid climate change might be slowed down by years with 

harsh circumstances in winter, or by years in which selection against early 

departing birds if they encounter deteriorating conditions during spring fueling or 

migration. Interestingly, later migrating flycatchers that head to northern Europe 

(e.g. Ahola et al. 2004) experience improved temperatures during migration, which 

were held responsible for advanced arrival dates at their breeding grounds. So, in 

contrast to the birds in our study, they possibly may still have the ability to 

increase their migration speed. Thus between pied flycatchers populations, the 

means by which these long-distance migrants can successfully track environmental 

changes at their breeding grounds may vary. Individual tracking over multiple 

years in various populations will help disentangling whether migration timing is 

indeed always tight in pied flycatchers, with selective mortality or flexible 

departure decisions driving variation in arrival timing across years.  

Acknowledgements 

We thank J. Samplonius, R.G. Bijlsma, R. Ubels and our students for their 

fieldwork contributions, J. Fox for data extraction from geolocators, R.H.G. 

Klaassen, M. Versteegh, N.R. Senner and two anonymous referees for valuable 

discussions and/or comments on the manuscript. Financial support was provided 

by Netherlands Organisation for Scientific Research (NWO-ALW-814.01.010 to 

JO/CB; VIDI-NWO-864.06.004 to CB) and KNAW Schure-Beijerink Popping 

foundation (to CB). All experiments were approved by law (permit: 5588, by the 

ethical committee on animal experiments of the University of Groningen, 

Netherlands). 

Data Accessibility 

Summary data supporting this article and raw geolocation data will be available at 

publication in the Movebank DOI system. 

  



Chapter 6 

150 

SUPPLEMENTARY MATERIAL VI

Figure S1.   Timing of (a) spring arrival and (b) egg laying of pied flycatchers in the year prior 

and after geolocation, as shown for control birds without geolocators (‘ctrl’, open symbols) and 

with geolocators (‘geo’, filled symbols). Dates are expressed relative to the sex specific annual 

population mean of unmanipulated birds. Males had geolocators fitted by leg-loop harnesses (LL) 

or full-body harnesses (FB), while all females were equipped using LL. The dashed line shows 

the x=y-line. 

Figure S2.   Boxplots showing the timing of (a) arrival, (b) egg laying and (c) egg hatching in 

2013 of breeding birds deployed with geolocators in relation to their local return, i.e. they were 

not seen (open plots) or returned in 2014 or 2015 (filled plots). Note that for some birds timing in 

2013 was unknown. 
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Figure S3.   Correlations between timing of migratory events of pied flycatchers over 2013-2014. 

Timing is inferred from geolocation data and/or field estimates. Breeding males are shown in 

squares, unpaired males in stars and females as dots. Solid lines show a significant relation (p  < 

0.05) in the LM.  
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Figure S4.   Raw twilight times (sunset, sunrise; left) and estimated longitude (right) across 2013-

2014 as obtained by geolocators deployed on pied flycatchers with leg-loop harnesses (n = 27). 

Migration phases are shown as dashed symbols, dots refer to the breeding and northern 

hemisphere wintering phase. Grey lines indicate the onset of diurnal-flight in autumn and spring 

migration. Triangles indicate combined arrival at the breeding site, i.e. inferred from field or 

geolocation data (see Table S3). 



African departure determines variation in spring arrival 

153 

Figure S4.  – continued 
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Figure S4.  – continued 
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Table S1. Initial sample sizes and return percentages of a) geolocator and b) control birds over 

2013-2014 as expressed for the different categories of birds. Two more females and one more 

unpaired male with geolocators returned in 2015. 

Table S2. Sex differences in annual cycle events for a) all available data in that stage, b) a subset 

of individuals for which migration timing was available for five migration stages in  the  annual cycle  

( n = 14). Test statistics are inferred from simple LM, with significant sex-effects shown in bold ( p < 

0.5) or trends (p < 0.10) in bold, italics. Sample sizes in a) varied among stages due to differences 

in data availability (e.g. geolocation failure). 
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Table S4. Summary of LMs describing relations among annual cycle events. If sex 

differences or trends (p < 0.10) occurred in timing events (see Table S2), timing was 

expressed relative to the sex specific mean of the event(s). Significant correlations (p < 0.5) 

are shown in bold, trends (p < 0.10) are depicted in bold, italics.  
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Abstract 

Migration is an adaptive response to exploit seasonally changing resources. How 

well migrants can adjust their life-cycles when environments rapidly change is 

poorly understood. Field experiments can shed light on the role of genetic and non-

genetic factors that underlie migratory life-styles, and help to predict if 

environmental changes can be successfully tracked by migrants. To improve the 

understanding of the adaptive potential of time schedules in avian long-distance 

migrants to climate change, we investigated if birth date causally affects an 

individuals’ spring migration timing during adulthood. For this we experimentally 

delayed hatching dates of Dutch pied flycatchers Ficedula hypoleuca in three 

years, by swopping freshly laid eggs by dummies while keeping the real eggs cool 

in a cup beneath the nest box below ground. We monitored arrival and egg laying 

dates of control and experimental recruits in subsequent years (2010-2014). Pied 

flycatcher spring arrival dates were positively correlated with the natural variation 

in birth dates in three of the five years considered. Our experimental hatching 

delays of a week resulted also in later spring arrival and female egg laying of birds 

in their 2nd calendar year, but this ontogenetic effect mainly occurred in one year. 

Variation in offspring phenology was thus partly, but not solely caused by parental 

egg-laying date and hence hatch date per se. We hypothesize that carry-over 

effects of birth date occurred on top of genetic effects in spring migration timing 

(and to a lesser extent in egg laying). Such effects on offspring time schedules 

were only visible when environmental circumstances allow such an effect to be 

expressed after the 5000 km long journey. Our study highlights the importance of 

performing multiple-year experiments when migrants are studied in the wild, as 

effects might not always be expressed. We experimentally showed that various 

mechanisms are involved in determining spring arrival timing, but it remains tested 

whether these ontogenetic effects can also advance life-cycles or that they mainly 

mask genetic drivers and thus slow down adaptation to changing environments.  
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Introduction 

Migration is an adaptive response to seasonally changing resources. Most long-

distance migrants evolved an endogenous temporal program, fine-tuned by external 

cues to time their migrations, as at their wintering grounds they lack direct 

information on the progress of spring at their breeding sites (e.g. Gwinner 1989, 

1996a; Berthold 1996). It is unclear how well these migratory life-cycles are suited 

to adapt when environments rapidly change or become less predictable. It may 

depend on the specific response modes of all the involved traits whether 

environmental changes can be successfully tracked (Botero et al. 2015).  

The long-distance migratory pied flycatcher Ficedula hypoleuca has been 

intensively studied in order to improve our understanding on migrants’ ability to 

adapt to climate change. Increased spring temperatures have led birds to advance 

their egg laying dates, and/or arrival dates in some populations (Both & Visser 

2001; Ahola et al. 2004; Both et al. 2004; Lehikoinen, Sparks & Zalakevicius 

2004; Both & te Marvelde 2007).These responses have often been explained as 

phenotypically plastic responses, with birds incorporating local environmental 

conditions into migration and breeding decisions once they get closer to their 

breeding sites (e.g. Ahola et al. 2004; Lehikoinen et al. 2004). The lack of change 

in spring arrival dates, as observed in some populations (Both, Bijlsma & Visser 

2005; Hüppop & Winkel 2006), was interpreted as inflexibility associated with the 

mechanism controlling migration timing. However, the notion of a rigid 

photoperiodic control of migration comes from lab studies (Gwinner 1996a), while 

the plasticity and fine-tuning of actual spring migration decisions in the wild in 

response to external conditions are little studied (but see e.g. Studds & Marra 

2007, 2011; Cooper, Sherry & Marra 2015). Pied flycatchers that breed in western 

and central Europe have been found progressively earlier during spring migration 

in North Africa: a pattern contradicting the previous ideas of unchanged departure 

dates (Both 2010). Several mechanisms can potentially explain the cause of this 

advance. 

In other migrants, population advances in arrival or laying dates have been 

suggested to be of genetic origin (Jonzen et al. 2006), the result of phenotypic 

plasticity to changing environments (Charmantier & Gienapp 2014; Tarka, 

Hansson & Hasselquist 2015), or of ontogenetic processes (Gill et al. 2014). Both 

(2010) found that variation in spring recovery dates in North Africa of pied 

flycatchers born throughout Europe was partly explained by variation in birth date, 

in interaction with birth latitude. Flycatcher chicks born shortly after the summer 

solstice, when days shorten, migrated later than those even born later, but this was 

only true for populations at higher breeding latitudes. At lower latitudes where 

most birds are born before the summer solstice, Both (2010) showed an opposite 

effect: chicks born late - thus experiencing days that lengthen - migrated later than 
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early born chicks. Both (2010) hypothesized that a photoperiodic response during 

ontogeny could explain these results. Such an environmental effect may help to 

fine-tune the interpretation of light-cues to local circumstances. Under this 

hypothesis, advanced breeding dates have also advanced the early-life environment 

of chicks, which in turn altered timing of their migration and laying during 

adulthood. A similar effect of raising conditions was found on timing of spring 

arrival in black-tailed godwits (Gill et al. 2014). Such non-genetic inheritance is 

believed to allow faster transmission of adaptive traits when environments rapidly 

change, as the lag-time associated with evolutionary (genetic) adaptation is 

eliminated (Bonduriansky & Day 2009).  

Photoperiod is a well-known and reliable anticipatory cue for the timing of 

future important life-history events (Bradshaw & Holzapfel 2010). Migrants 

commonly use photoperiodism to synchronize life-cycle events during adulthood 

(Berthold 1996). Light cues may also affect the development of embryos and 

chicks. Positive effects of light on the development (so called photo acceleration) 

of embryonic or juvenile growth have been commonly found (e.g. Berthold 1996; 

Cooper et al. 2011; Clark & Reed 2012). Even very low light intensities found in 

nests of hole-breeding birds appear to be strong enough to entrain important timing 

traits like melatonin-production involved in synchronizing day- and night rhythms 

in embryonic starlings (Gwinner, Zeman & Klaassen 1997). Moreover, 

experimentally manipulated photoperiodic cues around birth have been shown to 

affect the onset of moult and autumn migration in young blackcaps (Coppack, 

Pulido & Berthold 2001). Photoperiodism thus seems a good candidate to underlie 

the date effect in pied flycatchers (Both 2010). In the wild, such seasonally 

changing photoperiods may also covary with many other factors, but other raising 

conditions - albeit less predictable than photoperiod – may still influence offspring 

traits via carry-over effects, phenotypic plasticity and non-genetic inheritance 

(Bonduriansky & Day 2009; Senner, Conklin & Piersma 2015). 

Migratory life-cycles as we observe them will not only depend on the control 

mechanisms and cue use, but also on the individual ability to behave accordingly. 

Constraints during migration may potentially uncouple the onset of migration from 

the arrival dates (Both 2010). Thus in a natural context, the ability and speed by 

which arrival timing can advance likely depends on the response modes of 

migration onset, and the presence of potential constraints that disrupt the effect of 

departure on arrival date. To test the existence of early-environmental effects in a 

migrant’s naturally complex environment, it might thus be needed to perform a 

similar study across multiple years (which also will help to predict organismal 

ability to keep pace with rising climate change). 

Our study mostly addresses the role of ontogeny in migratory timing, but 

individual variation in timing may also result from genetic inheritance (e.g. 

Gienapp, van Noordwijk & Visser 2013). Pied flycatchers laying dates are 

heritable (0.33 (95% CI: 0.25–0.39)), and the positive correlation between birth 
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dates and subsequent spring arrival timing of female recruits suggests that also 

arrival date is heritable (Visser et al. 2015). However, a strong ontogenetic effect 

from mother’s arrival date to daughter’s birth date may affect heritability estimates 

if pedigrees are relatively shallow (Kruuk & Hadfield 2007). Furthermore, earlier 

work did not detect heritability of such timing traits (Both & Visser 2001; Both 

2010). Experiments that entangle genetic from non-genetic effects may help to 

distinguish both mechanisms and help to predict the adaptive potential in the time 

of rapid environmental change.  

The aim of our study is to experimentally test the hypothesis that birth date 

causally affects an individuals’ spring migration timing during adulthood. Because 

female laying dates are strongly determined by their spring arrival (Both, Bijlsma 

& Ouwehand 2016), we also expect birth dates to causally affect female laying 

date. To test this we experimentally delayed hatching dates of pied flycatchers in 

three years and monitored arrival and egg laying dates of control and experimental 

recruits in subsequent years (2010-2014). 

Materials and methods 

Study species and area 

Pied flycatchers breed in temperate forests across Europe and are long-distance 

migratory passerines wintering in Sub-Saharan West Africa. They are single-

brooded with bi-parental brood care and females lay between 4 and 8 eggs 

(Lundberg & Alatalo 1992), usually one egg per day. Our study area was located in 

Drenthe, The Netherlands (NL, 52°49’ N, 6°22’ E) where 1100 nest boxes (inner 

dimensions: 90*120*230 mm, entrance hole 32 mm) were subdivided over 12 

study plots that are dominated by oak, oak-mixed or coniferous (mainly pinus ssp) 

habitat. The annual number of pied flycatcher breeding pairs rose from 187 at the 

start in 2007 to around 350 in 2011, when it stabilized. Nest boxes were visited on 

intervals of five days or less from the beginning of April.  

Spring arrival was visually monitored at least every other day from early April 

until mid-May. For male flycatchers, arrival was based on territorial behaviour. 

Female arrival dates were estimated from observations on either female 

appearance, male behavioural changes that indicated pair formation, or, from the 

onset of nest-building. Male and female identities as inferred from these 

observations were checked and confirmed when captured later in the season. 

Arrival dates of birds also tracked by geolocation indicated a high accuracy of our 

field methods to determine individual arrival dates (for more details, see Both , 

Bijlsma & Ouwehand 2016). Newly built nests were checked at least every other 

day for egg-laying. Actual egg hatching dates were defined by daily nest checks 

around predicted hatching dates. At day 7 of nestling age, parents were caught, 

ringed, sexed and measured (weight, tarsus) and nestlings were ringed and 

weighed. The sex of adults was determined from plumage characteristics and the 
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presence of a brood patch. Nestlings were measured again (fledgling weight and 

tarsus) at day 12, i.e. shortly before they fledge at an age of around 15 days. Since 

2007, all chicks are ringed and >90% of breeding adults are captured. 

Experimental procedure 

Our delay-experiment was meant to uncouple environmental effects associated 

with hatch date from genetic effects, and was conducted during three consecutive 

breeding seasons (2009-2011). Nests with similar laying dates were randomly 

assigned to either a control or delay treatment. In total 401 nests were manipulated 

as control or delay (Burger 2014). Both treatments started when nests contained 1 -

2 eggs, and we daily replaced freshly laid eggs with dummy eggs, and stored the 

eggs in a cup with cotton wool at a cool place. Local storage, in a hole in the 

ground beneath the nest box, kept the eggs cool and minimized handling. We 

assumed the clutch to be completed if clutch size reached six eggs, and no new egg 

was found the subsequent day. For smaller clutches we waited another day before 

we assumed a complete clutch, to circumvent the possibility of laying gaps and 

return of the eggs before clutch completion. For control nests, all original eggs 

were returned to the nest at that point, which resulted in delayed hatching of one 

day relative to un-manipulated nests. For delayed nests, original eggs remained in 

the ground for seven more days in 2009 or six more days in 2010 and 2011 and 

were then returned to the nest. Females thus incubated dummy eggs for a week, 

before incubating their own eggs. 

Cold storage of eggs could affect hatching success of eggs and subsequent 

development of the young (Wiggins, Pärt & Gustafsson 1998). A comparison 

between un-manipulated nests, non-supplemented control and delay nests, revealed 

only marginal negative effects on nestling parameters, and somewhat higher 

hatching failures in 2009 (especially in delayed nests) due to moisture in the cups 

used for storage and late nests being abandoned by females (Burger 2014). 

Therefore protocols in 2010-2011 were changed towards a shorter delay time (6 

days) and the cotton-wool in the cups was kept as dry as possible. We did however 

not observe abnormalities during chick growth in any of the successfully hatched 

eggs that hint at developmental problems in the embryo (Ouwehand, Burger & 

Both unpublished data). We expect that these slight differences in egg-storage 

were therefore negligible. 

We monitored arrival and laying date in at least three subsequent years after 

each experimental season (i.e. 2010-2014), since the majority of chicks do not 

recruit locally in their 2nd year, but only in later years (Both unpublished data). 

This study was part of a larger experiment in which half of all control and delay 

nests also received food supplementation, from chick age of 3 days until the young 

fledged. These nests were provided daily 30g of mealworms, i.e. the amount that is 

thought to account for about one third of the daily energy needs of the brood 

(Verhulst 1994). Parents used this food to feed their young, but they could also use 
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it for themselves. We pooled nests with and without food supply, because we 

expect a photoperiodic effect to be independent of food availability. Moreover, the 

positive effects of food supplementation on fitness components of young appeared 

to be small and variable between years (Burger 2014).  

Statistics 

Because laying dates for males are largely determined by their females and were 

not repeatable within males (Both, Bijlsma & Ouwehand 2016), effects on laying 

dates were only investigated in females. We describe the effect of birth date on 

timing of adult arrival and egg laying (expressed as day: 1 = 1 April) for both a 

large dataset of natural birth dates (dataset 1, descriptive data), and for an 

experimental dataset of control and delay chicks born in 2009-2010 (dataset 2). In 

dataset 1, birth date thus represents natural date variation, while in dataset 2, birth 

date refers to the combined effect of natural birth date variation plus the 

experimental shift (hereafter ‘experimental birth date’). Spring arrival and laying 

dates were analysed for 2010-2014. Dataset 1 consists of young born between 

2007-2013 (n = 500 individuals) in non-experimental nests and the control nests of 

the experiment with a maximum of six observations per bird. The analyses on the 

natural birth date variation will reveal whether there is a general positive 

correlation between birth date and timing later in life, and whether this effect 

differs among years. This will indicate when we have a good ability to test for 

causal birth date effects in our experimental dataset. For example, in years when 

environmental conditions at the wintering sites or during migration override 

individual variation in timing (e.g. Both 2010), birth date effects on timing of 

arrival and breeding can be expected to be weak or absent. If birth dates causal ly 

affect timing later in life, we only expect to find experimental birth date effects in 

control and delayed chicks when environmental conditions allow for the 

expression of such individual variation (i.e. thus when also found in our 

descriptive dataset). 

For arrival and laying dates (analysed separately), we ran linear mixed models 

(LMMs) in both the descriptive and experimental dataset to test for the effect of 

birth date (expressed as day: 1 = 1 April), a factor ‘year of arrival’ (in short 

‘year’), the interaction ‘birth date x year’, and included ‘individual’ as a random 

intercept. Significance of fixed effects was inferred with likelihood ratio tests 

against models without these terms (using maximum likelihood). Because timing 

of spring migration in pied flycatchers varies according a birds’ age and sex (our 

population: Both, Bijlsma & Ouwehand 2016), LMMs always included ‘sex’ and 

‘true age’ (continuous) as predictors.  

In addition, we used the experimental data (dataset 2) to test more directly for 

environmental effects: by studying whether a change in hatching date affected 

timing of arrival and laying, using a LMM with ‘treatment’ (two levels: delayed 

vs. control’), the interaction ‘treatment x year’, ‘true age’ and ‘sex’ as independent 
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variables and ‘individual’ as random effect. We started with a balanced design in 

which delay and control nests were paired according to their laying date, and thus 

having similar birth dates in case no delay was performed (i.e. ‘original birth 

date’). However, since we cannot control who survives to the next year, this 

experimental design became more ‘loose’ over time and thus is not fully 

maintained in individuals for which we know their timing during adulthood. We 

therefore always included the ‘original birth date’ ( i.e. experimental birth date 

minus the experimental shift in hatch days) as covariate to these LMMs, to prevent 

that changes in the ‘original birth date’ distribution over the years mask 

experimental effects. 

Lastly, we investigated how sex-specific and permanent birth date effects were 

in both datasets. For spring arrival timing, we expanded the final LMMs with an 

interaction ‘sex x birth date’ (both datasets) or ‘sex x treatment’ (dataset 2). In 

case the final model in our previous analyses also included an interaction of ‘year 

x birth date’ or ‘year x treatment’ we also tested its 3-way interaction with sex. To 

investigate whether birth date effects only occur in early life or are maintained also 

in older birds, we ran separate LMMs to test for interactions of age and ‘birth date’ 

or ‘treatment’. Age was included as a two-level factor ‘age class’: i.e. birds 

arriving in their second calendar year (hereafter, ‘young’) or at older ages, as we 

expect such differences to be largest between these life-stages. For dataset 1, we 

expanded the final LMM with ‘age-class x birth date’ and in case the LMM 

included also ‘year x birth date’, also the three-way interaction ‘age-class x birth 

date x year’. For dataset 2, age-interactions were investigated in more simple 

models, excluding all interaction terms with ‘year’, because these terms are partly 

confounded in our experimental dataset. For example, all birds in our experimental 

dataset that arrived in 2010 are 2nd calendar year birds, while in 2013 and 2014 all 

are older, since experimental delays only were done in 2009-2011. 

All analyses were performed in the R statistical environment (R Development 

Core Team), with ‘lmer’ function from the R-package ‘lme4’ to run LMMs (Bates 

& Maechler 2009). Model estimates of timing values are illustrated using the 

means ± 95% confidence intervals using the ‘effects’ package (J. Fox, 2003).  

Results 

Spring arrival dates during adulthood (2010-2014) correlated positively with 

natural variation in birth date (during 2007-2013) but this effect differed between 

years in which birds arrived (Table 1). Spring arrival dates were positively 

correlated with birth dates in 2010, 2011 and 2014 (figure 1a), while flat or very 

shallow regression lines occurred in 2012 and 2013. In contrast, we found no 

significant effects of natural variation in birth date on the timing of egg laying in 

females (figure 1c), neither in interaction with year (see Table 1; Supplementary 

material, Table S1). 
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Table 1.  Summary of birth date effects on timing of arrival (a) and laying (b) in pied 

flycatchers. Likelihood ratio statistics (X
2
) and p-values were obtained for fixed effects by 

comparing them to reduced models (using ML). Parameters in  italics and terms with p-values 

< 0.05 (shown in bold) were also kept in the final model. Year reflects always to the year of 

laying or arrival. Estimates of terms in the final models are given in Supplementary material 

Table S1. In the descriptive dataset, birth date refers to natural birth date variation, while in 

the experimental dataset birth date is the observed birth date and thus is the combined effect 

of natural birth date variation and the experimental shift in hatch days.  

Given the year-specific expression of this birth date effect on adult arrival, but not 

on female egg laying, we expect to detect a causal date effect (i.e. natural birth 

date + experimental shift) mostly in timing of arrival in 2010-2011 and 2014. We 

found a positive effect of experimental birth date on timing of arrival (p = 0.025; 

β = 0.23) during adulthood in the experimental dataset (control and delay birds), 

without proof for significant variation in slopes between years (see Table 1). 

Consistent with dataset 1, we found no main effect of birth date on female laying 

dates (p = 0.21) nor in interaction with year (p = 0.23). 

As illustrated by figure 1, the effect of experimental birth dates (i.e. natural 

birth date + experimental shift) on timing during adulthood (figure 1b,d) was are 

not necessarily in line with the effects found for natural date varia tion (figure 

1a,c). A delay in hatching resulted in later arrival in spring compared to control 

birds, in some (mostly in 2010) but not all years (figure 2a, Table 1). Interestingly, 

such a year-specific treatment effect occurred also in egg laying dates of females 

(figure 2b, Table 1), despite the presumed low power to detect such an effect. 
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Figure 1.   Timing of adult pied 

flycatchers in relation to their 

birth date (males in blue 

squares; female in red dots). 

The relation between natural 

variation in birth date of chicks 

born in 2007-13 and timing 

later in life (2010-14) varied 

significantly across years in (a) 

spring arrival date. No such 

natural birth date effects were 

found on egg laying dates (b).  

Experimental birth date (b,d) of 

control and delayed chicks that 

received a hatching treatment in 

2009-11 positively influenced 

arrival, but not egg laying date, 

without proof for significant 

variation in slopes between 

years (b,d). Regression lines 

indicate the estimated mean 

birth date effect on timing and 

95%-confidence intervals in 

interaction with year 

(significant interactions are 

shown in bold) as inferred from 

LMMs with individual as 

random intercept, and also 

included ‘true age’, and for 

spring arrival, ‘sex’.  
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Figure 2.  Timing of spring arrival (a) and female egg laying (b) of pied flycatchers that received 

a control treatment or an additional hatching delay of 6-7 days as chicks in 2009-2011. The effect 

of a delayed birth date on timing during adulthood (2010-2014) varied among years, with clearly 

later spring arrival and egg laying dates in 2010. Shown are means and 95%-confidence intervals 

for the effect of ‘arrival year x treatment’ on timing. Timing estimates were inferred from LMMs 

(with individual as random intercept) that also incl. ‘true age’, ‘original birth dates’ (i.e. observed 

birth date minus achieved experimental shift in hatch days) and, in case of spring arrival, ‘sex’. 

Thus an experimental delay resulted in later spring arrival, but also in later egg 

laying dates in 2010 and (less so in 2011), compared to control birds ( figure 2). In 

contrast, delayed birds arrived and laid their eggs in 2014 on average earlier rather 

than later, compared to controls, although variation in each group is large ( figure 

2, Supplementary material, Table S1). The later arrival and laying in 2010 of 

delayed chicks compared to controls (figure 2) also led to ascending slopes of the 

experimental birth date effect in experimental chicks (figure 1b,d), compared to 

those found for the natural birth date variation (figure 1a,c; see year 2010). 
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Role of sex in birth date effects 

Spring arrival and egg laying showed seemingly different relations with birth 

dates. This discrepancy might result from differences in the response modes of 

these timing traits, or arises from sex-specific responses. We tested the latter by 

considering sex specific effects on arrival date. The positive correlations of arrival 

timing and birth date in females were most pronounced in 2011 and 2014, whereas 

in males this was true in 2010 and 2014 (‘birth date x sex x  year’, Supplementary 

material Table S2). Experimentally manipulated males and females did not show 

different responses in arrival date when their hatch dates were delayed (i.e. 

‘treatment x sex’) nor did we detect a sex-specific effect of experimental birth date 

(i.e. natural birth date + experimental shift) on arrival dates of control and delayed 

birds (all p > 0.45; Table S2). 

Role of age in birth date effects 

We found a clear positive effect of the experimental birth date on arrival date in 

young recruits, but not at older ages (figure 3a; ‘age class x birth date’: p=0.038). 

For each day a chick was born later, it arrived 0.50 (± 0.16) day later in its first 

year of life. In egg laying, delayed hatching tended to lead to later laying dates in 

young (figure 3b) but not in older females (‘age class x treatment’: p = 0.059), 

although this did not result in significant age-dependent expression of the birth 

date effect (p = 0.14). Interestingly, no such age-specific expression of natural 

birth date effects on timing of arrival or laying were found within the larger 

descriptive data set (Table S2). 

Figure 3.  Timing of spring arrival (a) and female egg laying (b) was later for young pied 

flycatcher recruits if they were born later in the season. When birds were older, the impact of 

early-life experimental birth date (incl. shift) on arrival timing (a) or the experimental change in 

hatching on timing of female egg laying (b) disappeared. Lines indicate the estimated means and 

95%-CI for the interaction with ‘age class’ (i.e. arrival or laying in their 2nd calendar year or when 

older), in a LMM with individual as random intercept, ‘original hatch date’, ‘year’ and ‘sex’ (the 

latter only for spring arrival). 
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Discussion 

To improve the understanding of the adaptive potential of timing of migration in 

long-distance migrants to climate change, we investigated if birth date causally 

affects an individuals’ spring migration timing during adulthood. Pied flycatcher 

spring arrival dates were positively correlated with the natural variation in birth 

dates in three of the five years considered. Our power to test for causal birth date 

effects by delayed hatching was therefore highest in 2010-2011 and 2014. 

Consistent with this, we found that experimentally delayed chicks arrived later in 

2010 and 2011, suggesting that the correlations with natural birth date may also 

partly arise from ontogenetic causes. However, there was discrepancy between 

experimental and natural birth date effects. For example, we could not 

experimentally confirm the causality of the birth date effect on spring arrival in 

2014. Furthermore, the timing at which females laid their eggs showed a very 

similar response to the delayed hatching treatment as spring arrival dates, but 

surprisingly, no year-specific effects on female egg laying were detected when we 

considered only natural variation in birth dates. Our findings are therefore not 

consistent with a causal effect of birth date that drives variation in timing during 

adulthood in both datasets. Instead, we speculate that carry-over effects of birth 

date occurred on top of genetic effects, but that these are only expressed in years 

when arrival dates are not strongly affected by environmental conditions at the 

wintering grounds or en route. 

With our experimental delays in birth date we showed that birds born later in 

the season arrived later in the first year of life, but this was not found in older birds 

(figure 3). Female laying dates also showed the tendency to be affected by an 

experimental delay mainly in the first year after the experiment, but not later in 

life. Since these effects disappeared after the first year, this is likely a carry -over 

effect, rather than a permanent ontogenetic effect. Older birds with more 

experience and an increased time-span from the early-life impact have probably an 

improved ability to optimally perform their migrations, and compensate such 

early-life effects. Several studies indicated age differences in migration timing and 

performance, which are often reflected in their departure decisions and/or 

migration speeds (e.g. in Mitchell et al. 2012; McKinnon et al. 2014; Sergio et al. 

2014; Schmaljohann et al. 2016). That experienced migrants can well compensate 

delays is also in good agreement with data of adult pied flycatchers tracked by 

geolocation that showed that individual differences in autumn migration timing 

disappeared during their long wintering period, and thus did not carry-over to 

affect spring migration timing (chapter 6). 

Although the existence of a carry-over effect on young, but not older birds 

sounds plausible, the experimental effect was driven largely by chicks born in 

2009 (figure 2). The descriptive dataset indicates that our power to detect any date 



Birth date effects on spring arrival and egg laying dates of offspring  

173 

effect in 2nd calendar birds was high in 2011, reasonable in 2010, but very low in 

2012. We may therefore expect also to find an experimental effect on young 

recruits born in 2010, but this was not the case. This may well be related to 

differences in the fraction of chicks that recruited in the year after the experiment. 

A relatively large fraction of chicks born in 2009 recruited in the first year after 

the experiment (52%, n = 52 individuals that recruit at any age from this cohort), 

whereas for the cohort of 2010 this was a mere 32% (n = 47) and for 2011 this was 

49% (n = 41). The age-specific effect is thus mostly determined by the cohort born 

in 2009 (44% of all young recruits come from this cohort). The cohort born in 

2011 also contributed a substantial number of young recruits, but in 2012 

environmental circumstances in winter or en route probably did not allow the 

expression of any kind of birth date effect after the 5000 km long journey.  

The ontogenetic date effect we found in experimental birds in their 2nd calendar 

year may still be a photoperiodic effect as proposed by Both (2010) or originating 

from other factors that change seasonally over time and covary with date. In our 

Dutch population, flycatcher chicks born late in the season experience longer days 

than early born chicks at birth. However, during events such as partial post -

juvenile moult (i.e. includes moult of body feathers), chicks born later in the 

season probably face shorter day-lengths than early hatched chicks (Lundberg & 

Alatalo 1992). If late born chicks need to accelerate their development, a carry-

over effect may arise because of costs associated to photo-acceleration: e.g. the 

faster development that helps to guarantee a timely onset of autumn migration in 

late borns (as in Coppack et al. 2001) may come at the costs of lower quality of 

feathers (Dawson et al. 2000) or poorer body condition. The latter may affect their 

competitive ability to establish a good quality wintering site or the speed of 

migration, and thereby influence their arrival in the next breeding season. 

Laboratory studies are needed to unravel if acceleration of flight feather growth or 

body feathers moult exist in Dutch pied flycatcher juveniles, and if this is true for 

the late part of our population, or only occurs in years with a naturally late 

breeding phenology and our experimentally delayed birds.  

In the wild, such seasonally changing photoperiods also covary with many 

other factors that may have induced the date effects on offspring timing traits, 

although such effects are likely less constant than photoperiod. Possibly, the date 

effect did not arise in each year, but depends on the specific conditions in the birth 

year. Although there are potentially many factors that differ between years, the 

variable food conditions between the experimental years is a plausible candidate. 

In the warm spring of 2009, the caterpillar abundance was high, peaked early in 

the season and showed a big seasonal decline. This decline was also visible in the 

proportion of caterpillars in the chick diet, which was reduced to almost zero late 

in the season. In contrast, 2010 had a late caterpillar peak that was well 

synchronized with egg hatching. In 2011, caterpillar abundance was fairly low, 

with an early flat peak (Burger 2014). During 2009 and 2011 (but not 2010), there 
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was a fairly steep increase in food use (1.37 g/day) over the season in food-

supplemented nests. Although, Burger (2014) did not find strong support that 

seasonal declines in food altered chick fledging weights, previous studies did find 

such effects (Siikamäki 1998). Moreover, food limitation may have affected chick 

born in 2009 and 2011 by other means, e.g. affecting quality of flight feathers, 

which on their turn can slowed down migration rates, and affect spring ar rival 

timing. But again, effects that may have occurred in chicks born in 2011 were not 

measurable in 2012. 

The temporary, environmental birth date effect on timing in birds in their 2nd 

calendar year is in later years likely overruled by a more permanent effect 

associated with birth date, which probably arises from heritability of timing traits, 

as suggested by Visser et al. (2015). Again, the genetic effect is not expressed in 

all years, as arrival dates in some years are strongly affected by environmental 

conditions at the wintering grounds or en route (e.g. Ahola et al. 2004; 

Lehikoinen, Sparks & Zalakevicius 2004; Both 2010; Both, Bijlsma & Ouwehand 

2016). In this scenario, adults with genes for being earlier migrate early and are 

therefore more likely to breed earlier and produce offspring with early genes. In 

the absence of food limitation and constraints prior to arrival, such ‘genetic’ 

correlates are always expected to be positive. In years where carry-over effects are 

visible in young recruits this will add onto the genetic effect. 

Interestingly, such permanent effects of natural variation in birth date on timing 

were not strong for egg laying date of females. Plasticity in egg laying in response 

to conditions upon arrival is probably the main reason why birth date effects on 

laying were weaker than those in spring arrival timing. Female wait longer in cold 

years before laying their eggs, and start quickly after arrival in warm years (Both 

& Visser 2001). With more plasticity and strong annual differences in conditions 

upon arrival, the genetic component in egg laying and thus also in birth date is 

therefore less visible. As a consequence, the strength of the correlation between 

birth date and timing of chicks during adulthood - even if a trait like arrival would 

be under full genetic control - will also depend on the amount of maternal 

plasticity in the chicks’ birth year. In the warm spring of 2011 there was the 

strongest effect of birth on laying date, most likely because all birds laid quickly 

after arrival. In the relatively cold springs of 2010, 2012 and 2013 the longer 

interval of the early arriving females reduces variation in laying date and therefore 

the correlation with birth date vanishes. 

We thus hypothesize that (genetic) individual variation in time schedules is 

prevalent at departure from the wintering grounds, and with favourable migration 

conditions also expressed as arrival at the breeding grounds. Only if environmental 

conditions upon arrival are favourable (high temperatures) this individual variation 

is expressed in laying dates.  The large role of plasticity in female timing to 

environmental circumstances in our population was also confirmed by year -to-year 

fluctuations in consistency of egg laying dates by Dutch pied flycatcher females 



Birth date effects on spring arrival and egg laying dates of offspring  

175 

(Both, Bijlsma & Ouwehand 2016). Within the sequence departure-arrival-laying 

date environmental variation was thus cumulating in our population, resulting in 

diminishing the expression of individual (genetic) variation. Such patterns may 

differ sharply between populations. For example, in Finland pied flycatchers 

showed changes in arrival dates and little ‘apparent plasticity’ in egg laying dates, 

mainly because temperatures during their spring migration became more 

favourable, while temperatures at the breeding sites did not change (Ahola et al. 

2004). 

Birth date of a young bird is likely affected by the individual time schedule of 

the mother, but also by the environmental conditions she experienced prior to the 

start of laying. Hence, in some years variation in birth date can be related to 

variation in an underlying genetic mechanism, but in other years this is swamped 

by environmental effects. It could be that the high environmental components on 

laying dates in 2012 and 2013 resulted in an uncoupling of genetic timing variation 

and birth date of these cohorts, resulting in little positive correlation between birth 

date and laying date in 2014 in our study. It might therefore be not so surprising 

that even within a single pied flycatcher population, previous studies – that used 

data from different time periods – have drawn very different conclusions about the 

role of genes in causing the relation between egg laying or birth date and timing 

later in life (Visser et al. 2015 versus Both 2010).  

This masking of genetic drivers on offspring phenology can slow down life-

cycle adjustments, if genetic changes are required to adapt life history traits to 

changing environments (Visser 2008). However, the transmission of 

environmentally induced phenotypes may also promote, rather than slow down, the 

evolution of traits needed to thrive in hostile or changing environments 

(Bonduriansky & Day 2009). Over the last three decades laying dates of pied 

flycatchers have been advancing by about 10 days, and this likely has been 

accompanied by a similar advance in spring migration dates (Both 2010; Visser et 

al. 2015). The question is whether the ontogenetic effect of birth date could be 

responsible for this advance, without an evolutionary change for earlier genotypes? 

If we assume that the individual timing schedule is partly caused by genetic and 

partly by environmental conditions, individuals that arrive in warm years may 

advance the birth dates and thereby the arrival schedule of their young. However, 

through this mechanism only young birds must progressively advance, and in the 

course of time young females would arrive and breed earlier than older females. 

This would lead to an increasing delay in arrival from the first to the second year 

of breeding, whereas our data on arrival show that young females still arrive later 

than older females (Both, Bijlsma & Ouwehand 2016). Furthermore, we used 

experimentally delayed hatching as a method to study the causal effect of birth 

date on timing, whereas we did not directly tested for the effect of an advance in 

birth dates. It will therefore depend on the mechanism underlying the ontogenetic 

effect of birth date, whether earlier laying indeed promotes earlier time schedules 
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of their offspring. In case of photo acceleration, a carry-over over effect may only 

delay time schedules if chicks are born late, while a year-specific carry-over effect 

related to food conditions may potentially also advance time schedules in years 

when conditions are good.  

In summary, we have experimentally demonstrated in a free-living population 

that early-life environmental effects around chick birth can result in huge delays in 

their time schedules later in life. This was only visible in the first year, when 

environmental circumstances allow such an effect to be expressed after the 5000 

km long journey. The discrepancy between experimental and naturally occurring 

birth date effects as found in our study imply that variation in offspring phenology 

is not caused by parental egg-laying date and hence hatch date per se, but that such 

effects are likely a combination of genetic or environmental factors that covary 

with parental egg-laying date. Further experimental work is needed to determine 

whether the ontogenetic effects are carry-over effects related to photo acceleration 

or food limitation during early-life on young birds, and either mask genetic drivers 

that slow down (Visser 2008) or promote life-cycle adjustments to changing 

environments via non-genetic inheritance (Bonduriansky & Day 2009). Our field 

study shows the relevance of early-life environmental effects on timing traits later 

in life, but also highlights the importance of performing such experiments across 

several years because many factors may influence the expression of the effects 

when studied in their natural, but complex environments.  
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Table S2.  Summary of sex and age specific expression of birth date effects on timing of arrival and 

laying in pied flycatchers. Likelihood ratio statistics (X
2
) and p-values show the importance of 2- or 

3-way interaction terms for either sex or age, when added to the final models from table 1 (using

ML). In the experimental dataset (2), interactions with age-class (i.e. arrival of young recruits (i.e. 2
nd

calendar year) or when older) were compared to simple LMMs excl. year-interactions (as in some

years all had the same age class).
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Introduction 

One of the major premises underlying this research is that long-distance migratory 

birds have well-adapted time schedules, in which a timely arrival at the breeding 

grounds has clear fitness benefits (Alerstam, Hedenström & Åkesson 2003). 

Climate warming confronts several migratory birds with advances in the phenology 

of their breeding habitat, including important food sources (Visser & Both 2005; 

Both et al. 2009; van Gils et al. 2016). The optimal arrival date that allows 

exploiting these temporally available food sources, thereby has likely advanced. 

Some migratory birds now indeed arrive at earlier dates on the breeding sites 

where these changes occurred (Lehikoinen, Sparks & Zalakevicius 2004; Rubolini 

et al. 2007), but the response of others seem insufficient and were associated to 

population declines (Both et al. 2006a; Møller, Rubolini & Lehikoinen 2008). The 

question is why it appears so difficult for these birds to adjust. Is this just a 

temporary problem or are there constraints that rest in the decision making of 

migratory organisms or in the environments that they encounter (Winkler et al. 

2014).  

The goal of this thesis was to provide a more inclusive year-round description 

of migratory timing and connections in pied flycatchers, with the ultimate aim of 

understanding their possibilities and constraints in adjusting spring arrival and 

breeding phenology in this era of global change. In this final chapter, I first 

summarize our main results on migratory timing and connections in this 

insectivorous Afro-Palearctic passerine. This is the starting point to discuss 

possibilities and constraints to adjust time-schedules in Dutch pied flycatchers, but 

also knowledge-gaps and future directions. In the last part, I will discuss the issue 

of generality and suggest more avenues for future studies on the complexity of 

life-cycle adaptation, with a strong emphasis on field studies.  

Migratory timing and connections 

Time schedules 

We have shown that adult pied flycatchers breeding in the Netherlands migrated 

unexpectedly fast in spring from their African wintering grounds to their breeding 

sites. Birds covered over 5000 km in on average two weeks ± 3.6 d. to arrive at 

their breeding locations (chapter 3,6; figure 1). Only one bird (in 2012) took 24 

days to arrive in spring, while generally, the duration of spring migration varied 

little (range: 9-18 days, n = 17). In chapter 6, we estimated a mean migration rate 

of ≥ 370 km/day, which is considerably faster than similarly sized passer ines (e.g. 

Lemke et al. 2013; Kristensen, Tøttrup & Thorup 2013; McKinnon, Fraser & 

Stutchbury 2013; McKinnon et al. 2014; Hahn et al. 2014). Birds initiated spring 

migration from their wintering sites (longitude: 7.5W ± 1.1°; chapter 4), moving in 

north-eastern direction. Most individuals almost immediately started these 
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migrations with prolonged non-stop flight across the Sahara of approx. 40-60 hours 

(chapter 4, 6), rather than by an intermittent flight and day-time resting in the hot 

desert (Schmaljohann, Liechti & Bruderer 2007). The lower and more stable 

temperatures during these flights – compared to the days before and after – suggest 

that they probably make use of cool anti-trade winds at high altitudes (chapter 4; 

Schmaljohann, Liechti & Bruderer 2009). 

Despite the potential of this barrier-crossing to impose or exaggerate individual 

differences in time schedules, most variation in arrival dates did not arise from 

variation in spring migration duration. Instead, the temporal variation in arrival 

date at the breeding site was mostly explained by individuals’ departure date in 

Africa (chapter 6). Part of these differences arose from flycatcher males migrating 

and arriving prior to females in our Dutch population (chapter 5-6). However, 

within males the spring departure dates also varied up to three weeks (chapter 6). 

The large difference in spring departure dates among individuals of the same sex is 

likely not unique for this specific year (2014), because in chapter 5 we also found 

that pied flycatchers arrived over a considerable time span each year. Spring 

arrival schedules of male and female pied flycatchers also showed repeatability in 

most years (chapter 5), suggesting that at least part of the variation in arrival 

schedule arises from consistent individual differences. In females, we found such 

consistent individual differences also for the timing of egg laying.   

 

 

 

 

 

 

 

 

Figure 1.  Summary of the timing and 

duration of migratory events during the 

annual cycle of Dutch pied flycatchers. 

This figure is based on averages across 

male and female flycatchers tracked by 

geolocation (chapter 6), and thus not 

illustrate the major variation that can exist 

in timing of arrival and departure among 

individuals. 

 

 

 

Our work in Ghana in Feb.-April also hinted at sex differences in timing of 

fuelling for spring migration (i.e. fat, body weight gain), but not in timing of pre -

breeding moult (chapter 2). The approx. 5 weeks in which active tertial moult was 

observed (chapter 2), indicates remarkably little individual dif ferences in the onset 
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of tertial moult, considering that the total duration of this moult is presumably one 

month (Salewski et al. 2004). Compared to temporal variation in arrival dates in 

the Netherlands, the onset of tertial moult thus varies little, while more variation 

among birds was found with respect to the progress of body feather moult and 

fuelling at the wintering sites. It is yet unclear if these observed differences in trait 

variation arise because of differences in the underlying mechanisms (and plasticity 

to environment) or because of compositional changes in the ‘local’ wintering 

population (high turn-over rate, influx of migrants in late winter).  

Individuals were not consistently early or late throughout the various stages of 

their annual cycle (chapter 6). Particularly the timing of migration in autumn was 

flexibly adjusted according to breeding duties. Breeding males were about 10 days 

later than unpaired males in departure from the breeding grounds, and they 

subsequently arrived later at their wintering grounds. This variation in autumn 

timing disappeared during the more than 6 months they stayed at their wintering 

sites (216 ± 11 d, range = 194-231 d; n = 15, chapter 6). Autumn migration took 

about twice as long as spring migration, and showed more temporal variation 

between and within years (chapter 3, 6).  

Connections: migratory flights and non-breeding locations 

In autumn, pied flycatchers travel in south-western direction to the Iberian 

Peninsula to refuel (Bibby & Green 1980; Lundberg & Alatalo 1992; Chernetsov et 

al. 2008). From there, they continue flying as far west as approx. 14–17°W 

(chapter 3-4), probably using a non-stop flight across the ocean until reaching the 

south-west edge of the Sahara (chapter 4). Along the coast south of the Sahara, 

suitable scattered vegetation seems to support further autumn passage (Salewski & 

Schaub 2007). An alternative inland route along the coast, might bear higher risk 

of dehydration when crossing the Sahara (Schmaljohann et al. 2007; Newton 

2008). After their prolonged autumn flight, birds shift direction (‘Zugknick’) to the 

south or southeast (Salewski & Schaub 2007; Liechti, Komenda-Zehnder & 

Bruderer 2012), depending on their wintering destinations.  

So far, knowledge on migratory connectivity in pied flycatchers was lacking, 

because of limited ring recoveries at the wintering grounds. Using longitudinal 

geolocation positions from the wintering grounds, we showed that pied flycatchers 

from northern and western Europe wintered in the western part of the wintering 

range (chapter 3). Despite the similarity in autumn migration, the locations that 

pied flycatchers occupy in winter seem to be non-randomly distributed within the 

wintering range, as we inferred from both ring recovery and geolocation data 

(chapter 3). Individuals from Fennoscandia that breed relatively late, wintered 

further west in Africa than the relatively early breeding populations from the 

Netherlands and SW-United Kingdom (chapter 3). Ring recoveries at the wintering 

grounds during 1971–2008 (chapter 3) did not reveal population specific 

distribution patterns within the narrow latitudinal band at which birds were 
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recovered (7.1–11.3°N; n = 11). We could not further explore the role of wintering 

latitude because the geolocation data did not allow estimating variation in 

wintering latitude accurately, both between and within populations.  

In contrast to between-population variation, the variation in wintering longitude 

between Dutch birds did not correlate to subsequent departure decisions or arrival 

at their breeding grounds. This might not be so surprising, because birds aggregate 

in winter: the core wintering region of Dutch birds was located in western Ivory-

Coast (chapter 3, 6), at mean longitudes of 7.4°W ± 1.0° (2013-2014: n = 27) and 

7.0°W ± 1.45° (2011-2012: n = 4; 2012-2013: n = 3). Within this relatively narrow 

wintering region, variation in longitude locations was also not associated with a 

birds’ arrival at the wintering sites, sex or breeding status. Based on these results, 

we thus cannot conclude that variation in departure (and hence arrival) dates 

within a population are the result of variation in wintering conditions. However, 

this does not mean that we can conclude that habitat variation in winter is not 

important in determining spring migration schedules. Particularly the role of local 

and latitudinal habitat variation in shaping departure decisions requires further 

investigation (see Future research 1: Spring departure decisions). 

Although pied flycatchers from a single breeding population aggregate with 

respect to wintering longitudes (chapter 3,6), the habitats where they winter are 

probably quite divers among individuals, as indicated from variation in wintering 

isotopic profiles (chapter 2-3). High repeatability in wintering isotopic profiles as 

measured across years (chapter 2-3) indicates that wintering conditions differ 

consistently among individuals (see also Yohannes, Hobson & Pearson 2007; 

Hjernquist et al. 2009). This is not surprising, as many pied flycatchers are site-

faithful to one wintering site across several years and remain resident to this same 

small wintering area (chapter 2; Salewski, Bairlein & Leisler 2000, 2002a), which 

is likely true for many other small passerines (Curry-Lindahl 1981; Cresswell 

2014). Part of the variation in wintering isotopic profiles arises from the strong 

latitudinal gradient in rainfall (amount, onset), temperature and habitat, 

characteristic for the West African landscape. Within the pied flycatcher wintering 

range this means dryer tree savannahs in the North and humid woodland and 

forests in the South, which influence δ13C in winter-moulted feathers, together 

with fine-scale habitat differences during late winter (chapter 2; Hobson & 

Wassenaar 2008). Consistent individual differences in latitude and local wintering 

habitat may thus be a potentially very important factor to allow successful 

migration departure and arrival at the breeding grounds. 

From their wintering sites, pied flycatchers migrated more directly in spring 

(than in autumn) towards the breeding grounds as suggested from gradual changes 

in longitudes (chapter 3-4, 6). Pied flycatchers from northern and western Europe 

thus migrated in a counter-clock wise loop, in which the loop-size was largely 

determined by the wintering location from where birds migrate back towards their 

breeding destination (chapter 3).  
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Conclusion 

Our study revealed very fast migration in spring that birds initiated from their Sub-

Saharan wintering grounds. The considerable time span over which individuals 

arrived at the Dutch breeding sites, did not arise from differences in spring 

migration rate, but was rather determined by an individuals’ departure date in 

Africa. Differences in spring timing were unrelated to the timing of autumn 

migration. Autumn migration took much longer, and the onset was flexibly 

adjusted according to breeding duties. Seasonal variation in migration strategy was 

apparent and tightly linked to their breeding locations and fuelling sites to cross 

the Sahara: i.e. Iberian Peninsula in autumn and wintering sites in spring. As a 

result, pied flycatchers have a counter-clockwise loop migration and alternate ways 

to pass the Sahara (temperatures, ‘zugknick’ in autumn). The migratory 

connections of various breeding populations showed similarity in autumn 

migration route, but differences in wintering longitude and breeding phenology & 

latitude, and thereby in spring migration routes.  Variation in wintering habitats 

and spring fuelling conditions is an important ‘candidate’ for future research as it 

may underlie the unexpected pattern of migratory connectivity (i.e. wintering 

longitude), and potentially strongly influence within-population variation in 

departure and arrival schedules, via wintering latitude and habitat (see Future 

research 1: Spring departure decisions).  

Advancements of time-schedules: Possibilities and constraints 

In the Netherlands, laying dates of females are generally strongly determined by 

their spring arrival, with particular tight relations in warm years, when females lay 

soon after arrival (Both & Visser 2001). To allow a further advance in egg laying 

dates, birds thus need to arrive earlier. Since Dutch pied flycatchers showed very 

fast spring migration with little variation, an advance in arrival can unlikely be 

achieved by further reducing migration duration (chapter 6), if they do not also 

shift their wintering range. The large variation in departure dates between 

individuals in our population does however show the potential to advance 

population arrival via changes in departure date, e.g. via selection on earlier 

departure (chapter 6). To really understand what this means in terms of the speed 

and the potential limits of adaptation, we need to know 1) underlying causes of 

variation in departure schedules (within sexes), 2) how commonly this variation is 

expressed in arrival (and laying) dates, 3) whether and in which direction the 

environments in winter and during migration are changing, on top of such changes 

at breeding sites. In other words, we need to distinguish between the cues, 

strategies and outcomes that together form their migratory phenotype (Winkler et 

al. 2014).  



General discussion 

187 

Causes of variation in departure schedules 

Both (2010) proposed that advances in spring departure dates could be achieved 

via an ontogenetic effect of birth date on spring departure schedules. In which 

departures from the wintering grounds are regulated by biological clocks that are 

calibrated phenotypically during early life. In chapter 7, we tested whether birth 

date causally affected spring time schedules, by experimentally delaying hatch 

dates of chicks for three years. We found evidence for an ontogenetic effect on 

arrival and laying dates in some, but not in all years. This was not completely 

surprising, because also in the descriptive data we found that in some years a 

strong correlation existed between birth date and adult arrival, but in other years 

this was absent. Interestingly, no experimental effect was found in the year 2014 

during which we revealed a tight link between spring departure and arrival dates in 

our geolocator data (chapter 6), and a positive association between birth date of 

non-experimental individuals and adult spring arrival date in 2014 (chapter 7). 

This means that a causal birth date effect alone as suggested by Both (2010) cannot 

explain the variation in departure schemes. Hence, another process is thus causing 

the correlation between arrival in 2014 and natural variation in birth dates.  

Repeatability of arrival (chapter 5), heritability of laying dates (Visser et al. 

2015) and positive correlations between birth dates and subsequent spring arrival 

timing (Visser et al. 2015; chapter 7), all agree well with genetic, innate 

differences in an endogenous program or cue-responses to photoperiod (e.g. 

Gwinner & Schwabl-Benzinger 1982; Maggini & Bairlein 2012). If genetic 

differences in time schedules drive the variation in timing of departure (chapter 6) 

and repeatability in arrival (chapter 5), then there is genetic evolutionary potential 

in migratory timing.  

Although this sounds plausible, genetic factors can be hard to separate from 

non-genetic factors in field studies e.g. permanent maternal effects on offspring. 

Particularly in short-lived species like ours, ontogenetic effects can be easily 

mistaken for genetic inheritance (Kruuk & Hadfield 2007) that can also be 

‘inherited’ via non-genetic pathways (Bonduriansky & Day 2009). We only tested 

one such effect (i.e. birth date), and cannot exclude the possibility that other 

ontogenetic effects alter departure decisions.  

Genes, learning as well as ontogeny may directly determine departure 

schedules, or do so in interaction or via wintering conditions. Wintering sites vary 

within and between breeding populations (chapter 2-3). We expect that wintering 

locations and habitats are important for subsequent departure timing and arrival at 

the breeding grounds, because correlative studies showed that after wet seasons, 

spring migration and breeding is earlier in several populations (e.g. Both et al. 

2006b; Both 2010). Conditions at the wintering grounds may fine-tune departure 

decisions and even mask variation in innate schedules if the influence of local 

conditions or individual state on departure decisions is large. Poor wintering 
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conditions may even pose constraints on timely or successful migration (Studds & 

Marra 2007, 2011; Tøttrup et al. 2012a).  

Unfortunately, we were not able to directly measure in West Africa whether 

variation in wintering sites determined birds’ departure schedules (chapter 2). Our 

indirect estimates of wintering site locations via geolocation tracking revealed 

little variation within our population in longitude. Latitude represents strong 

variation in wintering habitats, but our geolocation estimates were too inaccurate 

and imprecise to investigate the correlation between departure dates and wintering 

latitudes (chapter 3,6). An indirect way to explore the influence of wintering 

habitats on departure timing, is by studying correlations that may point at strong 

selection for wintering site choice, such as prior-occupancy advantage. The large 

variability and flexible adjustments in autumn migration schemes, and 

disappearance of initial timing differences during winter, did not indicate much 

direct pressure on adults to arrive first at their wintering grounds (chapter 3,6). 

Because of their site-fidelity across winters, such early-occupancy advantage in 

winter possibly matters mainly for young birds that winter for the first time (see 

Future research 2: Migrations in young birds). At the moment, we can therefore 

not exclude the possibility that spatial variation in wintering conditions (partly) 

determines departure decisions within populations as well as between populations 

(chapter 3). If this is the case, the potential to advance departure timing more 

strongly depends on how easily Dutch pied flycatchers can occupy the best 

wintering locations, but also on how environmental conditions at the wintering 

grounds fluctuate across years, and how these wintering locations change in the 

long run.  

Expression of departure variation into arrival 

The high migration speed as observed in our work does not guarantee that these 

flycatchers can always migrate fast. Their tight schedules may make them more 

susceptible for bad ecological conditions prior to arrival. Chapter 5 and 7 reveal 

that environmental effects can easily blur correlations between various timing 

traits. For example, individual differences in departure dates might not be related 

to arrival and laying dates, if plasticity in time schedules during migration or egg 

laying is large. These results also confirmed that caution is needed when 

performing a study or experiment only in a single year in free-living migrants, 

because the variation of interest in a trait might not always be expressed (see 

chapter 7). We suggested that pied flycatchers generally migrate fast in spring, but 

most data comes from 2014 (14 of 18) and from males (15 of 18). Although our 

tracking data revealed little delays, the temporal variation in repeatability and 

consistency of arrival date - particularly in females (chapter 5) - suggests that such 

delays may also play a role. Poor conditions in winter or during migration can 

delay the arrival or selectively ‘remove’ individuals from the population, thereby 

reducing the expression of departure variation into arrival schedules. At the 
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moment, adaptation for earlier arrival may thus be slowed down by years when 

environmental effects in winter or en route prevent an early arrival.  

On the longer run, directional environmental change may either reinforce the 

expression of individual time schedules or depress it. With climate change, the 

environmental conditions during spring migration may improve, and hence the 

expression of individual time schedules. In contrast, environmental deterioration at 

the wintering grounds (Zwarts et al. 2009; Brink & Eva 2009; Vickery, Ewing & 

Smith 2014) or during migration may also constrain the individuals to arrive at 

their innate time schedule. Climate modeling may predict the direction of future 

changes in the environment, but this will only shed light on species responses if we 

understand how birds rely on these environments. For this we need to know what 

the relevant spatio-temporal variation in environmental conditions are and how this 

affects a birds state and cues that contribute to their decision making and 

successful migrations. Because the wintering grounds determine the fuelling 

conditions for spring migration and are itself subject to large environmental 

change, it might be particularly urgent to focus future investigations on the role of 

wintering conditions (see Future research 1: Spring departure decisions). 

Achieved advancements in spring schedules 

This current potential of spring arrival to advance via selection on departure 

schedules, does not mean that previous advances in spring migration date across 

1980-2002 (Both 2010) also necessarily resulted from an earlier departure. 

Alternatively, changes in migration duration may have led (in part) to advancing 

time schedules, e.g. via changes in migration and wintering strategy, or via 

improved environmental conditions. In the case of faster migrations, the recently 

observed rapid spring migration rates might be the product of strong selection for 

early arrival at the Dutch breeding sites in the recent past, and was slower in the 

past. Unfortunately, long-term data on year-round time schedules of individuals to 

describe such changes in migration duration do not exist for small migrants like 

pied flycatchers. It seems however more likely that an earlier departure, possibly 

in combination with shorter migration duration, led to the 10-d advance in 

migration of pied flycatchers, mainly because the advance was already 

accomplished when birds migrated through North Africa (Both 2010).  

 

Unravelling flexibility in spring departure decisions  

Whether spring departure decisions are merely a matter of fine-tuning and 

constraining innate schedules or that conditions at the wintering grounds largely 

drive variation in departure schedules, is still unknown and clearly indicate an 

avenue for further research. Repeat-tracking of a range of individuals can help to 

study the flexibility in departure decisions. However, to define whether these 

differences arise because individuals’ adjust timing to winter conditions, it is 
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crucial to know the conditions at which these birds wintered. The latter can be 

guaranteed if departure of birds - using geolocators or radio tags - is studied in situ 

at their wintering sites. Yet, a good description of how food availability related to 

the actual diet during moult and spring fuelling is still lacking. Linking temporal 

changes in habitat and the availability of important prey species to the onset and 

speed of pre-breeding moult, fuelling and departure of birds across a range of 

wintering habitats, is thus a challenging (see chapter 2), but valuable step in 

studying departure decisions. A big advantage of using radio tags (if lasting for at 

least 2 months) is that the departure decisions also include data on unsuccessful 

birds, i.e. those who die or do not return locally. Interestingly, correlations 

between winter conditions and departure date may also arise because they are al l 

part of the same migration syndrome. For example, if the same set of genes 

determine both an individuals’ departure schedule and the location where a bird 

winters. Testing the actual causality between wintering locations and time 

schedules may thus require experiments, e.g. by up or down grading wintering 

conditions (e.g. Studds & Marra 2005; Cooper, Sherry & Marra 2015). Even more 

so, because in good years with plenty food, chances are low that differences among 

habitats – that differ in quality – can be found (chapter 2; Studds & Marra 2007). 

There are also several indirect ways to study departure decisions which are 

more feasible to perform. Birds can be deployed with geolocators at the breeding 

sites, while additional and indirect techniques like stable isotopes analysis provide 

indirect measures on the perceived conditions in winter (see Chapter 2). 

Investigating such correlations among individuals’ departure dates or migration 

speed and their isotope proxy for wintering conditions, likely require large sample 

sizes, because stable isotopes give a mixed signal (e.g. local and large scale habitat 

information in δ13C). A more fruitful approach could be to study within-individual 

changes in both wintering isotopic profile (preferably of multiple tissues) and 

spring arrival timing (as a proxy for departure date) from year-to-year, which can 

both be obtained at the breeding site. This may also shed light on the kind of 

wintering habitats allowing early spring departure and subsequent arrival. 

Moreover, it may provide insight in the role that an indiv idual’s state plays in 

making departure decisions. Because of the potential for environmental masking 

during spring migration, departure dates are preferably used rather than arrival. 

However, while arrival can be repeatedly monitored for good numbers of b irds in 

the field (chapter 5), obtaining similar sample sizes for departure dates will require 

equipping large numbers of birds with geolocators to obtain enough repeat -tracks.  

Migrations in young birds: causes and consequences 

Our study indicated age-differences in wintering site use, which we suggest arise 

from local upgrades in habitat with age (chapter 2). Yet, because of wintering site -

fidelity during adulthood and between-individual variation in wintering conditions, 

we expect that the initial choice for a wintering location of a first time migrant is 
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an important decision. Their initial choice may possibly shape their spring fuelling 

conditions also during adulthood, and thereby determine their (in)ability to migrate 

safe and at the right time in spring. For this, we need to find out to which extent 

the wintering site-selection of first-time migrants is driven by genes, ontogeny or 

shaped by stochastic processes. Tracking juveniles (by geolocation and stable 

isotopes) that take part in experiments that tear apart genetics from ontogeny may 

provide such insights in the origin of variation in time and space, albeit only 

among successfully returning birds. This can shed light on how flexibly wintering 

distributions can change from one generation to the next (Cresswell 2014), which 

may be particularly important if the potential to advance departure timing is 

strongly influenced by the environmental conditions at the wintering grounds. Yet, 

differences in wintering site use, settlement and subsequent spring departure might 

not necessarily be solely driven by lower physical capacity (e.g. navigation, 

endurance, competition), but may well reflect sensible decisions that differ 

between experienced adults and young birds (Riotte-Lambert & Weimerskirch 

2013; McKinnon et al. 2014; Sergio et al. 2014). Understanding the processes that 

drive juvenile settlement decisions may yield also valuable insights on how 

population differences in wintering distributions and migratory connections arise.  

 

Variation in life-styles: complexity in time and space 

Scientists, including myself, like to use extensively studied ‘model species’ to 

investigate complex phenomena or problems, of which the findings are applicable 

to a wider range of species. The pied flycatcher has become such a model to study 

the ability of long-distance migrants to adapt life-cycles to climate change (Møller, 

Fiedler & Berthold 2010), making use of approx. 30 years of responses to climate 

change in pied flycatchers. This thesis built on this enormous knowledge and adds 

new insights about the variation and spatiotemporal complexity of their annual 

cycle, also outside the breeding season. Although Dutch birds – mostly studied in 

this thesis – might be similar to pied flycatchers in other populations in some 

aspects of their annual cycle, it is rather the diversity between populations and 

beautiful complexity of their migratory life-style that becomes more and more 

apparent.  

Populations vary in their breeding and migration phenology, the rate of climate 

change, breeding habitats, the temperatures during migration, their wintering 

locations and conditions (e.g. Ahola et al. 2004; Both et al. 2004, 2006b; Rubolini 

et al. 2007; Both & te Marvelde 2007; Both 2010; Robson & Barriocanal 2011), 

and possibly their fuelling conditions. Variability in life style also occurs within 

populations (e.g. between sexes) and within individuals (e.g. related to age, 

ontogeny). For example, birds differing in sex and age may differ in migration 

timing (e.g. chapter 5-6), their ‘sensitivity’ to reversible state effects (maybe even 

in trait plasticity: chapter 5,7), and site use in winter (chapter 2). Such sex and age 
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differences may again also vary among breeding populations, such as was shown 

for protandry in the northern wheatear Oenanthe oenanthe (Schmaljohann et al. 

2016). Variation in time and space - in life style and environments - imply that 

selective forces on arrival and laying can differ between and within populations, 

and thus their possibilities and constraints to shift these traits (see Future research 

3: Sex differences). Adaptation to human-induced selection by rapid climate 

change is thus a very multi-faceted problem.  

This insight contains an obvious methodological warning: when studying 

adaptation even within a single species, care should be taken when 

‘supplementing’ interpretations of data from a specific area, sex or period by other 

sources, unless these are expected to be representative. It might with hindsight not 

be surprising that heritability of spring arrival or laying was detected in some pied 

flycatcher studies (Visser et al. 2015), but not in others (Potti 1998; Both & Visser 

2001; Both 2010). The same is true for differences in the strength of repeatability 

in spring arrival among sexes and populations (chapter 5; Potti 1998, 1999). But 

more important, it means that we should not expect one silver bullet which 

describes a species’ ability to deal with rapid changes in their environments.  

 

Sex differences in timing and responses  

Our study suggested that the expression of female time schedules in spring might 

be more strongly affected by environmental circumstances than in males (chapter 

5-7). Tracking males and females over multiple years will help to describe such 

sex differences in the extent to which migration timing and duration is rigid or 

flexible. To understand the role that selective mortality versus flexibility can have 

in causing variation in arrival timing across years, it can also be useful to compare 

migration duration in tracked individuals to the within-individual changes and 

compositional changes in the same population for several years. It would be 

valuable to compare sex differences in (the expression of) timing traits in different 

breeding populations, to explore whether the strength of competition for territories 

and mates, or other factors, e.g. temperatures upon arrival at the breeding grounds 

mediate these sex differences.  

 

 

So if we cannot easily generalise our findings directly to other flycatcher 

populations or species, what then are the implications or lessons learned from our 

model species? In order to understand the potential and constraints for adaptation 

in time schedules in other populations (and species), we need to start by describing 

the amount and cause of variability in time schedules, space use (see Future 

research 4: Population & species differences) and changes at key sites. Although 

we may have a fairly good idea about the current climatic changes at their breeding 

sites, and variation in timing of arrival and laying, environmental change may also 
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occur in other parts of their annual cycle. Widespread and ongoing habitat change 

of the Guinea savannah (chapter 2; Brink & Eva 2009) and climatic changes 

negatively affect many migrants in winter (Ockendon et al. 2012; Vickery et al. 

2014). To judge if there is a need and opportunity for birds to change, we thus 

need to know their migratory connections, which means when birds are where,  and 

whether this coincides with directional changes in their environments. To 

understand the consequences of their migratory connections, we require a thorough 

insight in the different spatio-temporal aspects of their migrations as well (Bauer, 

Lisovski & Hahn 2016).  

 

Population & species differences: needs, possibilities & constraints to advance  

Unfortunately, we cannot deploy birds with geolocators retrospectively to obtain 

long-term non-breeding data to study how they responded to different rates of 

climate change. Yet, by contrasting aspects of their annual cycles and migrations, 

we can start exploring differences and similarities in the selective forces and 

evolution that define their migration strategies and bottlenecks (Piersma 2007). 

Our work strongly hints at population differences in how they make use (of 

phenological changes at) their wintering sites, as part of their spring migration 

strategy (chapter 2-3).  

Tracking studies that target multiple populations within single species (e.g. 

chapter 3; Hahn et al. 2013; Trierweiler et al. 2014; Finch et al. 2015) are an 

important first step in identifying key sites and describing the timing of their 

movements throughout the year, and variation therein. Various aspects in their 

timing of migration should be considered: i.e. variation in timing traits 

(synchrony), dependence of migration events in relation to availability in resources 

(phenology), and consistency in both.  

The amount of variation in annual cycle traits can point at the potential for 

change (Conklin, Battley & Potter 2013; Senner et al. 2014). For example, in long-

distance migrants with slower and more variable migration rates, advances in 

spring arrival may be achieved by faster migration, by means of a phenotypic 

plastic response. Hence, it could be tested whether species with slower  migration 

have advanced their spring arrival more over time than species with rapid 

migration. Slower and variable migration rates may also arise because of 

ecological constraints which mask the expression of initial trait variation (i.e. 

departure date).  

Another approach to investigate the adaptive potential within a population is to 

search where consistent individual differences occur, e.g. in migration duration or 

departure dates. Using geolocation tracking, one can find out how variation among 

individuals is changing within a year (see chapter 6). This will also indicate to 

what extent variation of timing or space use is expressed, e.g. into their spring 

arrival dates. To pinpoint if constraints prevent the expression of trait variation, it 
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can be useful to study effects of (consistency in) ecological and climatic conditions 

in wintering or en route. Data on migration traits can be obtained via geolocation 

tracking, while (fine-scale) weather data and stable isotopes may provide 

information on the factors that constrain these events. Again, in situ studies at their 

wintering sites would provide the most direct way to study the importance of such 

local conditions in winter (i.e. consistency in food resources).  

If only data at the breeding sites is available (e.g. longer term monitoring of 

arrival and egg laying dates), between-year and within-individual variation (low 

consistency) may also hint at ecological constraints or phenotypic plasticity. If 

such changes correlate with the directional change in the environment to which 

birds need to respond, this variation indicates a solution in the form of phenotypic 

plasticity, instead of a constraint.  

Thus in conclusion, in order to generalise insights on the possibilities and 

ecological constraints to advance timing in response to environmental change, it is 

crucial to study different aspects of migration timing in the population or species 

of interest, and see in which aspects they are similar or differ (Piersma 2007). A 

fruitful approach is to use a combination of multiple year tracking studies - 

preferentially repeated for individuals - with data on resource availability or 

conditions at important sites in their annual cycle.  

Obviously, differences in life styles stretch beyond the pied flycatcher. Even in 

fairly close relatives like the common redstart Phoenicurus phoenicurus and 

collared flycatcher Ficedula albicollis recent tracking studies revealed quite 

different patterns in migration events and connections (Kristensen et al. 2013; 

Briedis et al. 2016). Yet, other Afro-Palearctic migrants like common swifts Apus 

apus showed interesting similarities to the pied flycatcher (chapter 3), in which 

their wintering locations (and detours) were associated to the breeding and 

migration phenology of the population (Åkesson et al. 2012; Klaassen et al. 

2014b). The pied flycatcher is likely not unique with its’ unexpected connectivity 

pattern and divers migratory life style. Studying similarities and diversity in 

migratory connections have a long history in ornithology (Salomonsen 1955), with 

well-established examples in bigger species such as waders, gees and seabirds (e.g. 

Piersma 2007, Newton 2008). With more tracking data becoming available now 

also for passerines, we can start to understand the meaning of such similarities in 

their migratory life styles and connections, and judge how representative our 

findings are for other populations and species. Describing common features in 

migration phenology and trait variation, similarities in key sites and changes in 

their environments and population trends - now including the non-breeding period 

- will help to generalize findings among populations and species (Tøttrup et al.

2012a; Piersma et al. 2016), and pose predictions about their possibilities and

constraints to adapt to environmental change.
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Concluding remarks 

Studying adaptation in the field is wonderful, puzzling and a pain at the same time. 

The tremendous amount of variation can make it hard to pinpoint the role of 

specific factors and processes, and will often require long-term studies. Laboratory 

studies are generally much better in removing clutter (i.e. variation) and needed to 

target the role of specific factors, cues or underlying mechanisms. Nonetheless, I 

believe that it is impossible to understand complex ecological problems, such as 

‘global’ climate change, by studying them only in the lab . The spatial and temporal 

diversity in the pied flycatchers’ life-style and the environments that it encounters 

make it a challenging study system, but also one with great opportunities to 

perform experiments and to study adaptation in action. The overwhelming 

variation is also the key strength of field ecology, because it helps judging the 

relevance of specific factors or processes in their naturally complex environment 

where selection and adaptation take place. This spatial and temporal diversity does 

however require a good description of their life-style. This thesis contributes to 

this, mostly via descriptive data of little studied periods in the year, but also 

highlights many unresolved issues that require multiple years of data to obtain a 

good description. For this reason I emphasize field studies when suggesting 

avenues for future research. Such studies will help filling these knowledge gaps 

and thereby can also provide an important basis for (field)experimental and 

laboratory studies.  
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Background 

Every year billions of birds migrate thousands of kilometres between temperate 

breeding grounds and sub-tropical non-breeding sites. Migrants have evolved time 

schedules and routes that allow them to make optimal use of changes in food due 

to the alternation of seasons that our earth has to offer. A proper time schedule 

enhances survival and reproduction (‘fitness’); hence, timing and movement 

decisions are crucial for a migratory life-style. These days, human impact on the 

planet is increasingly and rapidly altering the landscape and climate that organisms 

encounter. What does this rapid change mean for the suitability of a migratory life-

style if these migrants still want to make use of these environments? 

In Europe, as a result of increasing spring temperatures over the last decades, 

climate warming confronts many birds with advancements in important food 

sources in the breeding season. The optimal arrival date for migrants that allows 

the exploitation of seasonal food sources may thereby also have advanced. In 

recent decades, biologists have made great progress in describing how climate 

warming has affected existing relations between the timing of behaviours by 

organisms and their seasonal environments (changes in ‘phenological 

adaptations’). One of the species extensively studied in this respect is the pied 

flycatcher Ficedula hypoleuca: an insect eating songbird that spends most of the 

year in West Africa and travels to breed in Europe and western Asia. Indeed, in 

areas with increasing spring temperatures, pied flycatchers now breed earlier at 

their breeding sites than 30 years ago, while in sites without strong spring warming 

this proved not to be the case. In part of the areas and habitats  where birds seemed 

to respond to environmental changes the least (e.g. by not arriving earlier), the 

local population trends showed a decline. 

Despite the great value of long-term field studies at the breeding grounds, these 

studies provide only a limited view of the life of a migrant that spends most of the 

year away from its breeding sites. A variety of hypotheses have been put forward 

in order to explain why birds have or have not arrived earlier at their breeding 

sites, often without actual data on their behaviour outside the breeding season. 

Aims and approach 

In this thesis my aim is to place these changes seen at the breeding grounds into a 

more complete annual cycle perspective, including both wintering grounds and the 

migratory journeys. 

This thesis therefore begins in West Africa, where we studied pied flycatchers 

at their non-breeding habitats in Ghana, how they distribute within the wider 

wintering range and the timing of their departure in spring. An important goal of 

this thesis was to provide a more inclusive year-round perspective on the life-cycle 

adaptation of this Afro-Palearctic migrant. Yet, this work builds on (long-term) 

research by many biologists across the breeding range and on major insights into 

pied flycatchers studied at their breeding sites. We therefore move from Africa to 
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take a marathon flight towards the pied flycatchers’ breeding grounds, and 

describe and unravel what shapes their timing of arrival at one such breeding site. 

The ultimate aim underlying the research in this thesis was to gain a deeper 

understanding of the possibilities and constraints for adjustments in spring arrival 

and breeding schedules of long-distance migrants in this era of global change. 

All our aims were addressed by studying pied flycatchers during their breeding 

and non-breeding season in the field, in the context in which selection takes place. 

In order to study migratory movements and wintering site use, we used hypothesis -

generating ecological field research on wintering flycatchers in Ghana as well as 

tracking techniques (geolocation-loggers, stable isotope analysis). Part of the 

research was done on a large breeding population in Drenthe, the Netherlands 

(52°49’ N, 6°22’ E: established in 2007 with approximately 300 breeding pairs), 

where we performed a multiple-year field experiment to test if shifts in birth dates 

allow for rapid adaptation of spring arrival and laying schedules in offspring. 

Timing of migratory events 

Using geolocators, our study revealed that Dutch pied flycatchers took only two 

weeks to travel from their wintering grounds (mostly western Ivory Coast) to their 

breeding sites (chapter 6), a journey of more than 5,000 km. Most birds started 

their spring migration with a non-stop flight of 40-60 hrs during both night and day 

in cool air, likely at high altitudes, in order to cross the Sahara desert (chapters 4, 

6). From there they continued their migrations at night towards their breeding 

sites. The considerable time over which individuals arrived at the Dutch breeding 

sites in 2014 (the year with most tracks), sometimes weeks apart, did not arise 

from differences in the speed of their migrations, but was determined by the date 

an individual started its journey out of Africa (chapter 6). Spring migration 

schedules were later in females and young birds as compared to adult males 

(chapters 5, 6). Migrations in autumn took about twice as long as in spring 

(chapters 3, 6). The autumn migration date was flexibly adjusted to the birds’ 

breeding duties. Adult males that had a territory but failed to attract a female 

started and ended autumn migration earlier than birds that raised chicks  (chapter 

6). These differences in autumn migration schedules were not maintained across 

their - over six months’ - stay in Africa, and were therefore unrelated to their 

subsequent spring migration timing. 

How can earlier spring arrival dates be achieved? 

Since Dutch pied flycatchers showed very fast spring migration with little 

variation in speed, an earlier arrival cannot be achieved by further reducing 

migration duration, if they would not also shift their wintering range. However, 

this does not mean that there are no possibilities for annual cycle adjustments in 

pied flycatchers to track phenological changes at their breeding sites. A further 

advance in egg laying dates in response to spring warming in the Netherlands may 
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be achieved via adjustments in the date they start their spring migrations from 

Africa. These adjustments could be genetically determined and hence require an 

evolutionary response, or could also have a more ontogenetic origin. 

We tested if advancements in spring migration dates across generations could 

arise from changes in the egg laying dates of mothers and therefore in the early life 

environment of their chicks (‘transgenerational ontogenetic effect’). For three 

years, we experimentally delayed birth dates of chicks and studied if such a delay 

in birth date caused a later arrival and egg laying date during adulthood. We found 

some evidence for such an experimental effect on arrival and laying dates, but this 

did not hold true for all years (chapter 7). The effect occurred in the first year after 

the experiment, when birds were still relatively young. No experimental effect was 

found in the year 2014, in which we revealed a tight link between spring departure 

and arrival dates in our geolocator data (chapter 6), and a positive correlation 

between birth date of non-experimental individuals and their spring arrival dates in 

2014 (chapter 7). This means that a causal birth date effect alone cannot explain 

the variation (and advances) in spring migration schemes, but that other 

transgenerational mechanisms are involved that cause pied flycatchers to change 

their migration schedules. 

Heritability of spring timing traits, including preparations for migration, is the 

obvious candidate for lying at the root of these correlations. In practice, it remains 

a matter of speculation whether heritability fully explains these findings, since we 

only manipulated birth dates in our study, and cannot separate genetic from other 

non-genetic factors that may be involved in causing these advances across 

generations. 

Tight schedules in dynamic environments 

The high migration speed does not guarantee that they can always migrate fast or 

arrive in time. These tight schedules can also make birds vulnerable in case they 

encounter bad weather conditions during migration or when food is scarce during 

the preparation for their journey. Our research during the breeding season in 

Drenthe indicated year-to-year differences in the timing of arrival and laying at 

their Dutch breeding sites (chapters 5, 7). This suggests that individual birds do 

not always stick to a similar spring time schedule. Conditions in winter or early 

spring can easily hamper early birds in successfully carrying out their migration or 

early laying, either because they get delayed, or because they die or forego 

breeding (the latter two: ‘selective disappearance’). How strongly birds change 

their behaviour in response to these dynamic conditions may not only differ among 

seasons (chapter 6), but also among individuals. Our data suggest that young birds 

and females responded more strongly to changes in their environment (‘high 

phenotypic plasticity’) as compared to adult males (chapters 5, 7). The speed by 

which arrival can advance in the pied flycatcher population will thus be slowed 
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down by years featuring harsh environmental conditions in winter or during spring 

migration if this prevents an early arrival.  

As stated earlier, data collected during the breeding season only provide 

measurements of the ‘end point’ of spring migration. Spring departure and arrival 

data of multiple years can shed more light on what defines the year-to-year 

variation in arrival. Our study did not include long-term investigations on how 

year-to-year variation in wintering conditions influences the birds’ departure 

decisions, or how yearly fluctuations in weather en route determine migration 

speed. Yet, we did collect data on how birds select, exploit and rely on 

environments during the non-breeding season. This has given a mixed view on the 

role that wintering conditions have in shaping the annual cycles of pied 

flycatchers.  

Pick the best wintering spot or not? 

On the one hand, the large variability and flexible adjustments in autumn migration 

schemes did not indicate much direct pressure on adults to arrive at their wintering 

grounds first in order to select the best sites (chapters 3, 6). Spring departure 

schedules of Dutch birds (and their subsequent arrival) were also unrelated to the 

timing of autumn migration, arrival in winter or wintering longitude. Our data 

therefore does not hint at clear benefits later in the year due to an early winter 

arrival of birds that hence occupy the best sites and therefore depart earlier in 

spring (‘carry-over effects’). Neither did our field study in Ghana show great 

differences in availability of arthropods (insect food) in different wintering 

habitats, both on a local and a latitudinal scale.  

On the other hand, the rainfall conditions in Ghana in 2010-2011 were arguably 

favourable, and therefore have not revealed a difference in habitat quality that may 

still occur in more arid years. Moreover, birds of different age classes seem to 

differ in habitat use in winter (chapter 2), which may hint at competition for high 

quality wintering sites, with older birds occupying moister habitats. Because pied 

flycatchers tend to return to the same wintering sites year after year, the advantage 

of arriving early in winter may be most important when birds need to find a 

wintering site for the first time. If early arrival in winter only matters for young 

birds, this may explain why we did not find benefits of early winter arrival in 

adults tracked by geolocation.  

Moreover, the variation in migration strategies among populations and seasons 

indirectly hints at the importance of wintering sites. This may not be surprising 

because prolonged, non-stop flights to cross the Sahara were tightly linked to 

important fuelling sites, which are the wintering sites in spring and the Iberian 

Peninsula in autumn (chapter 4). Although birds from different breeding 

populations showed similar routes during a large part of their autumn migration, 

they differed in wintering longitude (and thus in spring routes). The way they were 

distributed in West Africa (‘migratory connectivity’) showed an intriguing pattern 
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in which birds from northern Europe - that breed late - wintered to the west of 

birds from early breeding populations in the Netherlands and the United Kingdom 

(chapter 3). The existence of this pattern implies that populations do not randomly 

distribute themselves across the wintering grounds. We propose that the 

possibilities of birds to successfully prepare their journey at specific wintering 

sites may not be equal across the wintering range and depends on the location and 

timing of a bird’s breeding destination.  

At the moment, we cannot exactly judge to which extent the wintering site 

locations and conditions determine the opportunities for timely and advancing 

departure from Africa, or how important this is in relation to conditions during 

their journey.  

Concluding remarks 

Our work suggests that the annual cycle adaptation of pied flycatchers to track 

changes at their Dutch breeding grounds is not hampered by the amount of 

variation in departure dates where natural selection may act on. Yet, it remains a 

matter of further research to find out if there will be (future) limits to these 

adjustments, e.g. via the ecological conditions they encounter in winter and en 

route. Particularly, rapid large-scale deforestation of West African forests is 

changing the habitat that many Afro-Palaearctic migrants occupy in winter or use 

to prepare their spring migrations. Our studies have raised many questions about 

the role of wintering habitats and spring fuelling conditions that require much 

more research. Spring fuelling conditions potentially cause major downstream 

effects on certain individuals’ departure and arrival schedules, may pose a  

constraint on life-cycle adaptation, and may be possibly involved in shaping 

wintering locations and spring fuelling strategies of birds from different breeding 

populations. Studying the link between wintering ecology of migrants at their 

highly dynamic wintering environments and their time schedules might not be the 

easiest of tasks, as has been illustrated by this thesis, but it is urgent and provides 

many interesting, unexplored avenues for further research. 

  



Summary 

221 

 

 





      
Samenvatting 

  



Samenvatting 

224 

Achtergrond 

Jaarlijks trekken miljoenen vogels tussen hun broedgebieden in gematigde streken 

en hun sub-tropische overwinteringsgebieden. Trekvogels weten door middel van 

reisschema’s en routes die in de loop van de evolutie zijn ontstaan, uitstekend 

gebruik te maken van veranderingen in voedselomstandigheden die samenhangen 

met de loop van de seizoenen op aarde. Een dergelijke levensstijl vereist echter 

wel dat trekvogels de juiste vertrekbeslissingen nemen, waarbij een goede 

tijdsplanning de overlevingskansen en het reproductief succes (‘fitness’) verhogen. 

Door menselijk toedoen verandert het klimaat en het landschap echter op grote 

schaal en in een hoog tempo. Is zo’n mobiele levensstijl nog wel geschikt nu de 

omgeving waar trekvogels gebruik van maken zo snel verandert?  

Gedurende de laatste decennia is door klimaatverandering de 

voorjaarstemperatuur in Europa steeds hoger geworden, waardoor een aantal 

belangrijke voedselbronnen die vogels benutten gedurende het broedseizoen zijn 

vervroegd. Hierdoor is het optimale moment van aankomst mogelijk ook 

vervroegd. Trekvogels zouden dus vroeger in het voorjaar moeten aankomen om 

van dit tijdelijke ‘seizoensvoedsel’ te blijven profiteren. De afgelopen decennia 

hebben biologen grote vooruitgang geboekt in het beschrijven van dit soort 

fenologische aanpassingen aan klimaatopwarming. Eén van de best onderzochte 

soorten in dit veld is de bonte vliegenvanger Ficedula hypoleuca: een 

insectenetende zangvogel die in Eurazië broedt, maar het grootste deel van het jaar 

in West-Afrika verblijft. Alleen in de Europese broedgebieden waar het voorjaar 

duidelijk warmer werd, vervroegden de vliegenvangers hun legdatum en/of 

aankomstdatum in het voorjaar. Die aanpassing leek echter niet altijd voldoende. 

Zo bleek dat in gebieden en habitats waar vogels het minst reageerden op 

omgevingsveranderingen, de lokale populatie in aantal afnam.  

Hoewel we veel hebben geleerd van deze langetermijnstudies op de 

broedgebieden, geven deze studies een incompleet beeld van het leven van deze 

trekvogels. De condities in de overwinteringsgebieden en tijdens de trekroute 

kunnen mogelijk bepalen wanneer ze daar weg kunnen en vervolgens hoe snel ze 

kunnen trekken. Om de beperkte aanpassing van aankomstdatum op de 

broedgebieden te verklaren zullen we dus moeten begrijpen welke factoren vogels 

hinderen om eerder aan te komen. Waarom komen sommige vogels eerder in het 

voorjaar aan dan andere? Komt dit door wat ze in Afrika aantreffen, wanneer ze 

vertrekken, of juist door omstandigheden die ze onderweg tegenkomen? Het zijn 

deze vragen die ik in dit proefschrift wil beantwoorden, en die zullen helpen te 

begrijpen wat de (on)mogelijkheden van aanpassing zijn wanneer de omgeving 

blijft veranderen.   

Doel en aanpak 

Dit proefschrift start daarom in West-Afrika, waar we bonte vliegenvangers in 

Ghana observeerden tijdens het einde van hun overwinteringsperiode, vlak voordat 
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ze weer terugvliegen naar het broedgebied. Om die gegevens in context te kunnen 

zien, moeten we ook iets weten over de timing van trek en hoe de verschillende 

broedpopulaties in Europa zich verdelen over het overwinteringsgebied. Daarom 

beschrijven we voor een aantal broedvogels uit verschillende broedgebieden in 

Europa wie zich ongeveer waar bevindt in West-Afrika en wanneer vogels weer 

vertrekken richting het broedgebied. Juist door bonte vliegenvangers jaarrond te 

volgen en te onderzoeken – en niet alleen op het broedgebied – verruimt dit 

proefschrift het perspectief op de mogelijkheden die lange afstandstrekvogels 

hebben om hun jaarcyclus aan te passen.  

We onderzochten bonte vliegenvangers in hun natuurlijke omgeving waarin zij 

blootstaan aan natuurlijke selectie. Een combinatie van tracking-technieken 

(geolocation-loggers, stabiele isotopenanalyse) en exploratief ecologisch 

veldonderzoek in Ghana werd ingezet om migraties en het gebruik van de 

overwinteringslocaties door vogels in kaart te brengen. Een ander deel van het 

onderzoek vond plaats in een nestkastpopulatie met ca. 300 broedparen in Drenthe, 

Nederland (52°49’N, 6°22’E: opgezet in 2007). Middels een meerjarig 

veldexperiment testten we of verschuivingen in de geboortedag het mogelijk maakt 

om de voorjaarsaankomst en eileg in het nageslacht te vervoegen.  

Reisschema’s jaarrond 

Onze studie met ultralichte geolocators laat zien dat in 2014 de bonte 

vliegenvangers uit Drenthe in gemiddeld twee weken van de 

overwinteringslocaties – met name in westelijk Ivoorkust – terug naar het 

broedgebied vliegen (hoofdstuk 6). Dit is een reis van meer dan 5000 km. De 

meeste vogels startten deze voorjaarsmigratie met een lange non-stop vlucht van 

40-60 uur. Waarschijnlijk vliegen ze op grote hoogte, waardoor ze de hitte van de 

Sahara kunnen vermijden (hoofdstukken 4 en 6). Na deze marathonvlucht over de 

woestijn trekken ze ‘s nachts verder richting het broedgebied. Er was aanzienlijke 

spreiding in wanneer vogels arriveerden op het broedgebied, met drie weken 

verschil tussen de vroegst en laatst arriverende man. Deze spreiding in aankomst 

werd niet veroorzaakt doordat vogels sterk verschilden in de snelheid van de 

voorjaarstrek, maar werd bepaald door het moment waarop een individu zijn reis 

vanuit Afrika startte (hoofdstuk 6). Vrouwtjes en jonge vogels hadden in 

vergelijking tot volwassen mannetjes latere vluchtschema’s in het voorjaar 

(hoofdstukken 5 en 6). De duur van de najaarstrek was ongeveer tweemaal zolang 

als in het voorjaar (hoofdstukken 3 en 6). De herfstmigratie naar Afrika werd 

flexibel aangepast naar gelang vogels gebroed hadden of niet. Mannen die wel een 

territorium hadden maar geen partner kregen, verlieten het broedgebied eerder dan 

broedvogels die jongen grootbrachten (hoofdstuk 6). Deze verschillen in het 

moment van trekken waren zichtbaar gedurende de herfsttrek, maar verdwenen 

tijdens het winterverblijf van ruim zes maand, en bleken niet samen te hangen met 

de grote variatie in vertrekschema’s in het voorjaar uit Afrika.  
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Wat zijn de mogelijkheden om eerder te arriveren? 

Als deze trekvogels eerder moeten aankomen in het broedgebied om succesvol te 

broeden, zijn er waarschijnlijk weinig mogelijkheden om dit te bereiken door 

sneller te vliegen, aangezien alle vogels ongeveer even hard, op hoge snelheid 

vlogen. Een vervroeging van de aankomst kan mogelijk wel bereikt worden via 

veranderingen in de vertrekschema’s uit Afrika. 

We onderzochten of een dergelijke vervroeging in de voorjaarstrek kan 

ontstaan doordat jongen die vroeger in het voorjaar worden geboren, zelf later in 

het leven ook een vroegere jaarcyclus hebben. Door eieren koel te zetten, 

manipuleerden we tijdens drie opeenvolgende broedseizoenen de geboortedatum 

van een deel van de broedsels, en vergeleken of een (ver)late geboortedag van een 

week ook een (ver)late aankomstdatum en eileg veroorzaakte wanneer deze jongen 

als volwassen vogels terugkeerden. Ten opzichte van broedsels die niet werden 

verlaat, resulteerde een verlate geboortedag in een sterk verlate aankomst en eileg  

in 2010, maar we konden dit niet bevestigen voor alle onderzoeksjaren (hoofdstuk 

7). Dit is op zich niet verwonderlijk, omdat er allerlei omstandigheden kunnen zijn 

die zorgen dat verschillen in vertrekschema’s niet altijd tot uitdrukking komen in 

de aankomst op het broedgebied. Interessant genoeg vonden we in het 

aankomstjaar 2014 wél een positief verband met de geboortedag van niet-

gemanipuleerde jongen (geboren tussen 2007-2013), terwijl onze experimentele 

verschuiving in geboortedag geen extra verlating teweegbracht (hoofdstuk 7). Het 

effect van experimentele verlating bleek dan ook vooral zichtbaar in het eerste 

levensjaar na het experiment toen de vogels nog relatief jong waren, en is mogelijk 

een tijdelijk effect. Naast effecten van opgroeicondities rond de geboortedag 

moeten er dus ook andere processen een rol spelen. Wat veroorzaakt dan nog meer 

een correlatie tussen geboortedag-variatie en trekschema’s in het voorjaar? 

Een voor de hand liggende verklaring is dat timing van de voorjaarsmigratie in 

sterke mate erfelijk is bepaald. Het zal nader onderzocht moeten worden of 

erfelijkheid van tijdschema’s de belangrijkste oorzaak is voor het feit dat jongen 

die vroeg in het seizoen worden geboren zelf ook vroeger trekken en broeden. 

Een strak reisschema in een onstuimige wereld 

Ons onderzoek in Drenthe laat zien dat individuen in zekere mate constant van 

elkaar verschillen in hun aankomstdatum in het voorjaar. Anderzijds lijken er ook 

jaarverschillen in de timing en spreiding van aankomst op hun broedplek en de 

eileg (hoofdstukken 5 en 7). Dit suggereert dat individuele vogels niet altijd 

(kunnen) vasthouden aan hun eigen vaste tijdschema. De omstandigheden in de 

winter of het vroege voorjaar kunnen vogels met vroege of strakke tijdschema’s 

gemakkelijk belemmeren waardoor zij later vertrekken, de reis niet overleven of 

afzien van de voortplanting. De mate waarin vogels hun gedrag veranderen in 

reactie op dit soort wisselende omgevingsomstandigheden, verschilt niet alleen van 

seizoen tot seizoen (hoofdstuk 6), maar ook tussen individuen. Onze gegevens 
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suggereren dat jonge vogels en volwassen vrouwtjes in het voorjaar sterker 

reageerden op veranderingen in hun omgeving (‘grote fenotypische plasticiteit’) in 

vergelijking met volwassen mannen (hoofdstukken 5 en 7). De snelheid waarmee 

de aankomst op het broedgebied over generaties kan vervroegen, zal vertraagd 

worden door jaren met barre omstandigheden in de winter of tijdens de 

voorjaarstrek, omdat dit soort jaren juist in het nadeel kunnen zijn van individuen 

met vroege tijdschema’s. 

Helaas hebben we nog geen lange-termijn data waarmee we kunnen 

onderzoeken hoe jaarlijkse fluctuaties in overwinteringsomstandigheden de 

vertrekbeslissingen van bonte vliegenvangers beïnvloeden, of hoe schommelingen 

in weer en wind de snelheid van de voorjaarstrek bepaalt. Wel hebben we gegevens 

verzameld over de variatie en manier waarop vogels overwinteringsplekken 

gebruiken. Dit levert een gemengd beeld over de mate waarin 

overwinteringsomstandigheden bepalend zijn voor de rest van de jaarlijkse cyclus 

van bonte vliegenvangers. 

Hoe belangrijk is de overwinteringsplek? 

Aan de ene kant zagen we in het najaar een grote variatie en flexibiliteit in de 

reisschema’s van volwassen vogels. Dit suggereert dat er niet veel druk is om als 

eerste op het overwinteringsgebied aan te komen en zodoende de beste plekken  te 

bemachtigen (hoofdstukken 3 en 6). De variatie in trekschema’s in het voorjaar 

binnen vliegenvangers uit Nederland bleek niet samen te hangen met het moment 

waarop deze vogels in het najaar migreerden, aankwamen of op welke lengtegraad 

ze verbleven in de winter. Deze gegevens wijzen daarom niet op duidelijke 

voordelen van vroeg aankomen op het overwinteringsgebied, waarbij vroeg 

arriverende vogels de kans vergroten om de beste winterplekken te bezetten en zo 

eerder in het voorjaar kunnen vertrekken ( 'carry-over effect’). Ook bracht ons 

veldonderzoek in Ghana in verschillende habitats geen grote verschillen in de 

voedselbeschikbaarheid aan het licht.  

Aan de andere kant was de regenval in Ghana aantoonbaar gunstig in 2010-

2011. Dit heeft ons mogelijk belemmerd om verschillen in habitatkwaliteit aan te 

tonen, die wellicht wél tot uitdrukking komen in de meer beperkte 

voedselbeschikbaarheid in droge jaren. Bovendien lijken vogels van verschillende 

leeftijdsklassen te verschillen in habitatgebruik in de winter (hoofdstuk 2). Dit kan 

wijzen op concurrentie voor hoogwaardige overwinteringsplekken, waarbij de 

oudere vogels de betere, vochtiger habitats bezetten. Omdat bonte vliegenvangers 

veelal ieder jaar terugkeren naar dezelfde plek op het overwinteringsgebied, is een 

vroege aankomst in de winter mogelijk alleen van belang bij jonge vogels die voor 

de eerste keer trekken en een overwinteringsplek moeten bemachtigen. Een 

dergelijk mechanisme zou ook kunnen verklaren waarom we op basis van onze 

geolocator-resultaten aan volwassen (i.p.v. jonge) vogels geen aanwijzingen 

vonden die het voordeel van een vroege aankomst in de winter ondersteunen.  
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Ook suggereert de aanwezigheid van populatie- en seizoensspecifieke 

migratiestrategieën wel degelijk dat de overwinteringsplek er toe doet. Juist de 

marathonvluchten om de Sahara te overbruggen worden voorbereid op twee 

belangrijke opvetlocaties; dit betreft het overwinteringsgebied in het voorjaar en 

het Iberisch schiereiland in het najaar (hoofdstuk 4). Bovendien verbleven vogels 

uit verschillende broedpopulaties op andere overwinteringslocaties (lengtegraad), 

ondanks dat ze voor een groot deel dezelfde najaarstrekroute volgden. Deze 

verbindingen tussen broed- en wintergebieden ('migratory connectivity') toonde 

een intrigerend patroon waarbij vogels uit Noord-Europa – die laat broeden – ten 

westen overwinterden van vogels uit vroeger broedende populaties als Nederland 

en het Verenigd Koninkrijk (hoofdstuk 3). Populaties verspreidden zich dus niet 

willekeurig over het gehele overwinteringsgebied. Wij denken dat de 

mogelijkheden die vogels hebben om de voorjaarstrek goed voor te bereiden sterk 

verschillen tussen winterplekken, en ook afhangt met waar een broedvogel 

vandaan komt en welke tijdsplanning van migratie en eileg hierbij hoort.   

Al met al geven onze data dus geen eenduidig beeld over in hoeverre de 

locaties en omstandigheden in de winter bepalend zijn voor een tijdig en vervroegd 

vertrek uit Afrika.  

Slotbeschouwing 

Het onderliggende mechanisme dat de voorjaarsmigratie reguleert bij lange 

afstandstrekkers blijkt bonte vliegenvangers niet te verhinderen om de 

voorjaarstrek aan te passen aan de veranderde omstandigheden op hun broedgebied 

in Nederland. Toch zal nader onderzocht moeten worden of er grenzen zijn aan dit 

aanpassingsvermogen, ondermeer omdat de gebieden die veel Europese zangvogels 

gebruiken om hun voorjaarsmigraties voor te bereiden onder grote druk staan door 

snelle grootschalige ontbossing in Afrika.  

Ons onderzoek heeft veel vragen opgeroepen over het belang van 

overwinteringsplekken in het voorjaar; iets dat duidelijk nader onderzoek behoeft. 

De omstandigheden waaronder vogels opvetten voor de voorjaarstrek zouden grote 

downstream effecten kunnen hebben op ondermeer vertrek- en aankomstschema's 

van individuele vogels, het aanpassingsvermogen van populaties, en zelfs op hoe 

overwinteringslocaties en opvetstrategiën zijn geëvolueerd in vogels uit 

verschillende broedpopulaties. Het onderzoeken van de zeer dynamische 

overwinteringsomgeving en ecologie van deze trekvogels in relatie tot hun 

reisschema’s is misschien niet de makkelijkste taak, zoals ook te lezen is in dit 

proefschrift, maar wel een dringende taak die ook ruimschoots mogelijkheden 

biedt aan interessante en weinig betreden paden voor vervolgonderzoek.  
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Never waste a good crisis...  

Dit geldt niet alleen voor klimaatopwarming, maar ook wanneer op persoonlijk 

vlak constraints ontstaan. Hoewel je jezelf aan je eigen haren uit het moeras moet 

trekken, is het fantastisch als er mensen zijn die een spiegel voorhouden om te zien 

hoe je dit het best kan doen. Nicolien Wieringa, Corine Eissing en Peter Flach, 

bedankt voor jullie rol in de afrondingsfase van dit proefschrift, waardoor ik 

ondanks/dankzij de ziekte van Lyme er denk ik uiteindelijk beter uit klauter dan ik 

erin ging.  

 

‘An end has a start’, zongen de Editors. Het zaadje om onderzoek te doen werd dan 

ook bij mij geplant ver voor de daadwerkelijke start van dit promotieonderzoek, 

vooral door twee eigenzinnige selfmade onderzoekers, die varen op een eigen 

koers. Het bleken unieke dataverzamelaars en huiveringwekkende leeskanonnen 

met veel humor (waar soms een handleiding voor nodig is), die ik gelukkig nog 

steeds regelmatig tegenkom. Nooit te beroerd om op geheel eigen en soms wat 

ondoorgrondelijke wijze een enthousiaste jeugdbonder/student te prikkelen voor 

onderzoek. Rob Bijlsma en Kees Camphuysen: superbedankt dat jullie me lieten 

kennismaken met onderzoek ontdaan van alle franjes, academische saus en modes. 

 

Hierdoor vertrok ik na mijn HBO en 2.5 jaar bij Altenburg & Wymenga met de 

Origin of Species onder de arm, vol bemoedigende woorden van collega’s die 

reeds een master of PhD in de biologie gedaan hadden, of, stiekem toegaven dat ze 

dit misschien ook hadden moeten doen toen ze jonger waren. Wat een enorme 

onderwijskwaliteit trof ik in de ecologie-specialisatiefase en de Topmaster waar ik 

inrolde. Ik hoop dat ‘asking questions’ als studieonderdeel erin blijft. Ik wil allen 

bedanken die bijdragen aan dit uitstekende onderwijs, in het bijzonder de 

Dierecologie-groep en Joost Tinbergen. Joost, je bent een fantastische leraar, en 

misschien wel de meest kritische denker die ik ken, zeer betrokken, en altijd op 

scherp om onderzoeksvragen terug te brengen tot de essentie!  

 

Mijn 1e korte project deed ik bij Christiaan Both. Ik wilde liever geen binnen-

project van een half jaar, want dat betekende later minder tijd in het veld. Het 

legde wél de basis voor de NWO aanvraag die ik als studieopdracht schreef (en jij 

uiteraard bijschaafde) en waarmee deze promotie een feit werd. Christiaan, je 

inspireerde dit onderzoek, en probeerde me bij te brengen dat het schaap met de 5 

poten niet bestaat (dank hiervoor!). Je enorme betrokkenheid, enthousiasme, 

vertrouwen en vrijheid die je gaf – aan al mijn eigen(wijs)heid – heb ik zeer 

gewaardeerd. Ik heb enorm genoten van de echte samenwerking, op basis van 

argumenten (niet hiërarchie), gedeelde passie en nieuwsgierigheid naar de 
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