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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. 
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