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Chapter 8     
General discussion: 

Possibilities and constraints for life-cycle 

adaptation in an era of global change  

Janne Ouwehand 
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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).  
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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.  



 




