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Abstract 

Partial migration, which occurs when only some animals in a population migrate, is ubiquitous.  

However, despite numerous studies investigating how partially migratory systems are controlled, we 

know relatively little about what determines whether an individual migrates.  In this thesis, I investigate 

ecological factors and individual characteristics shaping alternative migratory strategies in a partially 

migratory population of western bluebirds (Sialia mexicana).   

First, I ask whether sex, age, or body size are related to variation in migration behaviour.  Using 

hydrogen isotopes in claw tissue to infer migratory strategy, I show that young bluebirds, particularly 

young females, are less likely to migrate than older birds, and that bluebirds mate assortatively by 

migratory strategy.  I also demonstrate that some bluebirds switch strategies between years, indicating 

that migratory behaviour is not under strict genetic control.  Second, I ask whether individual differences 

in diet could lead to variation in migratory strategy.  Using nitrogen and carbon isotopes in feathers, I 

show that the diet of resident males during fall moult differs from that of resident females and migrants 

of both sexes.  Responses to experimentally presented novel foods suggest this variation could be due to 

differences in behaviour: resident males are less hesitant to eat novel insects than migrant males, but 

the opposite is true of females.  Finally, I ask whether two personality traits, boldness and aggression, 

differ with migratory strategy.  I show that residents are bolder than migrants, but there is no difference 

between groups in aggression.  However, resident bluebirds from BC are more aggressive than resident 

bluebirds from California.   

My results indicate that social influences, variation in diet, and personality traits may all play a 

role in determining whether bluebirds migrate.  They also imply that different factors may shape 

migratory strategies in males and females.  Overall, my research emphasizes the necessity of examining 

a wide variety of ecological factors and individual characteristics when attempting to determine how 
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partially migratory systems are controlled.  The flexibility of these systems suggests they are likely to 

shift as a result of global environmental change.  To better predict their responses, an understanding of 

factors driving variation in migratory strategy is essential.  
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General Introduction  
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Should I Stay or Should I Go? 

On a bleak January afternoon in British Columbia’s Okanagan Valley, dull grey clouds hang low 

over the half-frozen expanse of Okanagan Lake.  Ranks of leafless grape vines loom stark against the 

snow on the surrounding hillsides.  The only movement comes from the icy wind rattling the bare 

branches of the trees lining the lakeshore.  In the summer, this beach is one of the most popular tourist 

destinations in BC.  But right now, it’s hard to imagine why anyone would choose to spend time here.  

Suddenly, a flash of cobalt blue breaks the winter monotony.  With a rustle of bright feathers 

and a chorus of fluting calls, a small flock of western bluebirds appears over the edge of a nearby cliff 

and settles into a tree.  Some members of the flock are quick to begin gleaning berries from its 

branches, but others sit quietly, fluffing their feathers in defence against the chilly air.  A lone male 

breaks ranks and flits to the cliff wall, where he lands on a dangling icicle.  His claws slip slightly as he 

extends his neck towards a trickle of water running down the cliff face and begins to drink.   

It is an undeniably bizarre sight: the bird associated throughout North America with the arrival 

of spring, clinging to an icicle and drinking meltwater from a frozen cliff.  But it is also a sight that is 

becoming increasingly common.  Growing numbers of bluebirds are eschewing southward migration in 

the fall, choosing instead to remain in the snowy Okanagan for the winter.  Records from the Christmas 

Bird Count, a citizen science ‘bird inventory’ conducted every year by the National Audubon Society, 

indicate that winter sightings of western bluebirds have more than tripled over the last thirty years. 

Bluebirds are not alone.  Around the world, growing numbers of ‘migratory’ birds appear to be 

foregoing migration.  In the western United States, more American kestrels spend the winter in northern 

states like Washington and Idaho, while fewer migrate south to California or Arizona.  Half a world away, 

the common kestrels of central Europe show a similar pattern.  The European blackbirds of Germany 

and the white storks of Portugal are increasingly likely to skip migration altogether.  In all cases, these 
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changes are linked to human activities.  Kestrels in the U.S. and Germany are probably able to spend the 

winter farther north than ever before thanks to rising winter temperatures.  Residency in blackbirds and 

storks, on the other hand, is likely a result of urbanization.  Because cities are warmer than the 

surrounding environment and frequently offer regular access to food, they may encourage some 

animals to forego migration. 

It isn’t really surprising that human activities are changing migration patterns; after all, we know 

only too well that humans are affecting virtually every aspect of the natural world.  However, most of 

what we know about human impacts on migration comes from studying the spectacular long-distance 

migratory journeys for which birds are famous.  In these long-distance migrants, timing seems to be the 

aspect of migration that is changing the fastest.  Many long-distance migratory birds now arrive on the 

breeding grounds days or even weeks earlier in the spring than they used to.   

But while the response of long distance migrants to anthropogenic change has been the focus of 

much research, the majority of migratory birds do not travel long distances.  Far more common, in fact, 

is a phenomenon known as partial migration, where only some birds in a population migrate, while 

others remain in the same place year round.  Partial migration is found throughout the animal kingdom, 

but it is perhaps most widespread in birds, where it is seen in species running the gamut from the tiny 

silvereyes of Australia to the enormous great bustards of central Spain.  And for the better part of a 

century, it has been a source of both fascination and frustration for ornithologists.  More than seventy 

years ago, pioneering British ornithologist David Lack set out to catalogue patterns of migration in the 

partially migratory bird species of Britain.  He quickly reached the conclusion that his data “reveal[ed] a 

problem of remarkable complexity.”  Seven decades later, not a lot has changed.  Despite a surge of 

research interest in partial migration over the last few years, we still don’t fully understand what 

determines whether an individual bird stays or goes. 
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One school of thought, championed for many years by evolutionary biologist Peter Berthold, is 

that a bird’s migration strategy is dictated by its genes.  Berthold and his colleagues at the Max Planck 

Institute for Ornithology in Germany conducted a series of captive breeding experiments using partially 

migratory European blackcaps.  They found that various aspects of migratory behaviour – including the 

direction birds migrated and whether they displayed migratory activity at all – were passed from parents 

to offspring.  Based on their results, they proposed that migration in blackcaps is under the control of a 

large number of genes working together.     

But other researchers, collecting data from wild bird populations, observed patterns that 

appeared to undermine the idea of genetic control.  For example, scientists noted that some birds were 

migrants one winter and residents the next – or vice versa – implying that migratory behaviour was 

flexible.  They also noted that, in many cases, young birds adopted different strategies than their 

parents.  In addition, many of their observations suggested that ecological factors, such as breeding 

habitat, mating systems, and social dominance, were also important in determining a bird’s strategy.   

Today, most researchers agree that both genes and environment are important in determining 

migratory strategy.  But there’s still a lot of debate over which aspects of the environment generate the 

patterns seen in wild populations of partial migrants.  For example, in many species – such as the 

European blackbird, the blue tit, and the European robin – females are more likely to migrate than 

males.  However, this common pattern could be shaped by several ecological factors.  Perhaps spending 

the winter on the breeding grounds allows the sex that establishes territories – usually males – to obtain 

high quality breeding territories in the spring (the ‘arrival time hypothesis’).  Alternatively, perhaps 

socially dominant birds – again, often males – force subordinates to migrate by preventing them from 

accessing the limited resources available during the winter (the ‘dominance hypothesis’).  Then again, 

perhaps only larger birds – also often males – are able to withstand the environmental challenges of 

harsh winters (the ‘body-size hypothesis’).   
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These three hypotheses have been tested in partially migratory species worldwide, and in many 

cases, they have successfully explained variation in migratory behaviour…but not always.  For example, 

in tropical kingbirds, a species of partially migratory flycatcher found throughout Central and South 

America, most young females migrate.  So far, so good – since young females are both subordinate to 

and smaller than other birds, this pattern is exactly what the dominance and body-size hypotheses 

would predict.  However, most of the large males (usually the oldest and most dominant birds) also 

migrate – completely the opposite of the predictions generated by all three hypotheses.  As the number 

of studies of partial migrants grows, so too does the number of studies where patterns of migration 

don’t match the predictions of the arrival time, dominance, or body-size hypotheses.   

The more we learn about partially migratory species, the more it seems clear that the 

mechanisms of control are many and varied.  But without an understanding of what determines 

individual migratory strategies, it’s almost impossible to predict how a species will respond to global 

environmental change.  For example, while American kestrels migrate shorter distances and European 

blackbirds forego migrating completely, migration behaviour in other species doesn’t seem to be 

responding to environmental shifts at all.  Predicting the response of partial migrants to a changing 

environment requires that we first understand the ‘how’ and ‘why’ of variation in migration behaviour.   

This understanding is especially urgent in species that may already be responding to global 

environmental change – such as the increasingly resident bluebirds of the Okanagan.  Thus, for my PhD 

thesis, I investigated the factors shaping alternative migratory strategies in western bluebirds.  These 

small thrushes breed from southern BC to Mexico, and across this range, migration behaviour varies 

widely: populations in the south are largely non-migratory, while populations in the north are partially 

or fully migratory.  Okanagan western bluebirds are at the northern edge of the species range, and are 

therefore likely to experience some of the most rapid shifts in climate.  On top of that, they must 

contend with an extensively human-modified environment.  The Okanagan is one of the most important 
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fruit-producing regions in Canada, and has recently become one of the main wine regions.  Over the past 

30 years, the number of vineyards in the valley has increased exponentially – from only a handful in the 

early 90s to more than 200 today.  Against this backdrop of rapid environmental change, shifts in animal 

behaviour are perhaps to be expected.    

But before I could begin to investigate the control of partial migration in Okanagan bluebirds, I 

needed to find a way to determine which individuals migrated.  At first glance, this seemed 

straightforward.  If I could catch resident bluebirds during the winter and mark them (with coloured leg 

bands), then I would be able to distinguish them from the migrants.  So in early January, I set out on the 

long drive to BC, armed with nets, poles, bands, and the goal of banding as many bluebirds as I could get 

my hands on.  It took only a few frustrating days in the field before I realized the flaw in my plan: first, I 

had to get my hands on the birds. 

I awoke on my first day of fieldwork full of enthusiasm.  After donning multiple layers and filling 

two thermoses with hot coffee, my field assistant and I ventured out into the snow, heading for a beach 

where local birders had told me I’d be sure to find bluebirds.  When we arrived, the beach was deserted, 

so we sat down to wait.  I was down to my last few sips of coffee when the small flock finally made its 

appearance.  The moment they appeared, we began frantically setting up nets, using our half-frozen 

fingers to untangle knots in the fine mesh.  But no sooner had we hammered the last net pole into place 

than the flock took flight, disappearing over the cliff in the direction they’d come from.   

It was infuriating, but we were initially undaunted.  The birds had shown up once, so there was a 

pretty good chance they’d be back.  We just had to wait them out.  We left our net in place and sat back 

down in the snow.  An hour later, we were still waiting.  I had just begun to consider moving on when 

the flock suddenly reappeared, and – to my excitement – one of its members appeared to be on a 
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collision course with the net.  I was already climbing to my feet in anticipation of his capture…when he 

suddenly swerved and landed in the tree branches just beside the mesh.   

And so it went for the next hour, as the bluebirds flew over, hopped under, and at one point, 

even perched on the net.  I was just about ready to give up, when finally one of them slightly misjudged 

the angle of his swerve and collided with the mesh.  As I ran to extract him from the net, my sense of 

triumph was undermined by the fact that the capture had taken more than two hours.  If this was the 

case with every bird, then how would I ever catch enough of them?  In fact, things only got worse.  My 

first winter of data collection, working ten hours a day, every day, for six weeks, netted a total of seven 

bluebirds – a success rate of approximately 0.017 bluebirds per hour of effort.   

Clearly, I would need to find another way to distinguish between migrants and residents.  

Luckily, many other scientists have employed creative methods in the past to overcome similar 

difficulties.  Some researchers have captured migrants during migration, leaving no room for doubt 

about their strategy.  However, trapping migrating birds en route makes it virtually impossible to 

compare them with residents from the same breeding population.  Other researchers have attached 

radio transmitters to birds, which emit a characteristic pulse that can be tracked with receivers, allowing 

scientists to determine whether birds are still around during the winter. But this method also has 

limitations.  The transmitters must be small enough to avoid negatively affecting the bird, but large 

enough to transmit a signal of sufficient strength to be tracked over long distances.  

Given these limitations, some researchers have chosen to catch birds during the breeding 

season and use intrinsic markers, such as stable isotopes, to learn where they spent the winter.  Stable 

isotope analysis relies on the fact that most chemical elements have more than one naturally occurring 

‘version’.  For example, the element hydrogen has two stable isotopes: the light isotope (1H), composed 

of a proton and an electron, and the heavy isotope (2H, or deuterium), composed of a proton, an 
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electron, and a neutron.  The relative amount of each of these isotopes varies between locations.  The 

ratio of deuterium to hydrogen (δD), for example, is high in southeastern North America.  However, as 

weather systems move across the continent to the north and west, deuterium – which is literally heavier 

than hydrogen – rains out of the clouds first.  So while rainwater in Florida contains lots of deuterium, 

rainwater in Alaska has virtually none.  The isotope ratio of rainwater is incorporated into the local food 

web – first into plants, and then into animal tissues.  Thus, the δD value of animal tissues provides 

information about where those tissues were grown, making hydrogen isotopes an ideal tool to 

distinguish between resident and migrant bluebirds.   

Once I had a way to figure out individual migratory strategies, I could begin investigating what 

determines whether an individual bluebird stays or goes.  I started by asking whether the arrival time, 

dominance, or body-size hypotheses could explain why different birds did different things.  Bluebird 

behaviour and ecology are well studied, so we can predict the patterns we’d expect under each 

hypothesis.  Males establish territories, so the arrival time hypothesis predicts that females should be 

more likely to migrate.  Young males are subordinate to older males, so the dominance hypothesis 

predicts that young males should be more likely to migrate.  Finally, the body-size hypothesis predicts 

that smaller birds should be more likely to migrate.   

Over three years of field work in the Okanagan, I captured and banded more than 200 bluebirds 

and used hydrogen isotopes to determine if they had migrated the previous winter.  But when I 

compiled my data, it became clear that there was no support for the arrival time, dominance or body-

size hypotheses.  There was no difference in size between migrants and residents, male and female 

bluebirds were equally likely to migrate, and younger bluebirds were actually less likely to migrate than 

older birds – especially young females.  I was beginning to realize that western bluebirds were a 

frustrating study species.   
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Once again, I took my cue from other researchers faced with equally frustrating species.  For 

example, almost thirty years before I conducted my study, Australian biologist Ken Chan encountered a 

similar situation when studying partially migratory Tasmanian silvereyes.  Silvereyes are small perching 

birds common in Australia and several other south-west Pacific islands.  The subspecies that breeds in 

Tasmania is partially migratory; in the fall, some individuals migrate north across the Bass Strait to the 

mainland, while others remain on the breeding grounds.  Chan and his colleagues found that silvereye 

migration strategy was not related to sex, age, or body size, leaving open the question of what factors, 

exactly, shaped their migration behaviour.  However, the researchers did notice that some captive 

silvereyes only showed signs of wanting to migrate when kept within earshot of other silvereyes.  They 

also noted that the members of a breeding pair were often captured together in the spring, suggesting 

they spent the winter together.  Based on these observations, Chan proposed that migratory strategy in 

silvereyes might be affected by social influences – that is, some birds based their migration behaviour on 

the strategies of their mates or other birds in their winter flock. 

There are some notable similarities between the patterns Chan saw in silvereyes and those I saw 

in western bluebirds.  Bluebirds usually appear on the breeding grounds in the spring at the same time 

as their mates – circumstantial evidence that they spend the winter together.  Furthermore, residents 

almost always mate with other residents and migrants with other migrants, and the isotope signatures 

of members of a pair were similar, providing more evidence that mated pairs spend the winter together.   

Of course, just because the birds spend the winter together doesn’t mean that social influences 

shaped migratory strategy.  If bluebirds pair during the winter, migrants would have to mate with other 

migrants and residents with other residents.  However, it’s also possible that bluebirds do what their 

mates are doing.  It’s difficult to distinguish between these explanations, but anecdotal evidence 

suggests social influences might be important.  When I looked at the roughly 20 birds I caught in 

multiple years, I found that males always used the same strategy, but roughly 25% of females switched 
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from migration the first year to residency the second.   Interestingly, strategy switches often occurred 

when migrant females were paired with a resident male (i.e. disassortative mating) or when they 

switched mates entirely, suggesting that females might be changing their migratory behaviour to match 

that of their mates.  These results provide a tantalizing hint that social influences might be one of forces 

shaping migration behaviour in western bluebirds. 

At the same time Chan was puzzling over silvereye migration in Australia, another biologist on 

the other side of the world was grappling with a very different pattern.  In the late 1990s, José Aparicio 

was studying the diet of partially migratory common kestrels in Spain, a process which involved pulling 

apart countless kestrel pellets (regurgitated clumps of undigested food) to identify what individuals had 

eaten.  To his surprise, he noticed that while migrants and residents had very similar diets in the 

summer, the contents of their pellets started to diverge in the fall.  Resident kestrel pellets contained 

crickets and small mammals, while migrant kestrel pellets were composed of ants and praying mantises.   

Food availability is believed to be one of the main reasons birds migrate.  When food supplies 

diminish on temperate breeding grounds in the fall, birds head towards the abundant resources of the 

tropics.  But the differences in migrant and resident kestrel diets suggested to Aparicio that not all birds 

respond the same way to dwindling food supplies.  Resident kestrels depended on prey species that 

persisted throughout winter, while migrant kestrels relied on species that were abundant in summer 

and early fall, but disappeared as winter arrived.  Aparicio suggested that these diet differences might 

lead to differences in migration patterns.  Kestrels eating prey that disappeared in the winter were 

forced to migrate, while those eating prey that persisted year-round were able to remain resident.  

While this theory clearly explained why different kestrels employed different migratory strategies, it did 

pose a question: why would birds living in the same place eat different things?   
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Aparicio thought individual differences in diet might arise because kestrels are territorial, and 

not all territories are equal. While some birds had access to large quantities of high quality winter food, 

others did not.  This idea caught my attention, because it seemed possible that it might explain another 

pattern I had found in bluebirds: variation in migratory strategies across breeding sites.  In some of the 

places we’d caught birds, virtually every individual we caught was a resident.  In other places, all the 

birds were migrants.  I wondered whether this pattern had anything to do with diet differences.  In 

other words, was there any evidence that migrant and resident bluebirds ate different things?    

To answer this question, I turned again to stable isotopes – this time, carbon and nitrogen 

isotopes, which vary with diet.  The ratio of heavy to light carbon (δ13C) differs between plants growing 

in dry and moist environments, while the ratio of heavy to light nitrogen (δ15N) differs depending on an 

individual’s position in the food chain.  Taken together, carbon and nitrogen isotope ratios in animal 

tissue tell us a lot about an individual’s diet. 

When I compared δ13C and δ15N between bluebirds using different migratory strategies, I found 

surprising results.  There was no evidence of diet differences between resident and migrant females; 

carbon and nitrogen isotopes indicated they were eating the same things.  But the diet of resident males 

differed from that of migrant males.  Resident males had higher δ15N signatures, indicating that they 

were significantly higher up the food chain than migrant males.  These results suggest that differences in 

diet might be important in determining bluebird migratory strategy, but for males only. 

While Aparicio focused on differences among territories as an explanation for the diet patterns 

he detected in kestrels, another reason that diet might vary between individuals has nothing to do with 

territoriality and everything to do with individual preferences.  Different birds might simply prefer 

different foods.  In fact, the idea that certain behaviours might be consistent within individuals but vary 

between them has been receiving increasing amounts of scientific attention over the last decade.  
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Researchers have termed these consistent individual differences ‘personality’ – and have found that it is 

ubiquitous in the animal kingdom.  Personality differences in traits like boldness and exploration have 

been detected in a wide variety of animals, from spiders to monkeys.  

It makes intuitive sense that personality and migratory strategy would be linked; traits like 

boldness and exploration seem likely to influence a bird’s willingness to embark on long journeys to new 

places.  Comparisons between closely related migrant and resident species bear this idea out.  When 

German researcher Claudia Mettke-Hofmann compared the personality traits of garden and Sardinian 

warblers in Europe, she found marked differences.  The migrant garden warblers were more afraid of 

novel objects than the resident Sardinian warblers, but less afraid of novel space.  Garden warblers were 

also slower to begin exploring when in a novel space; however, once they began, they explored faster.  

Mettke-Hofmann thought these differences had likely arisen as adaptations to the divergent challenges 

created by the very different life styles of these birds. 

Until recently, no one had asked whether we might also see personality differences between 

migrant and resident individuals in partially migratory populations.  Even now, only a handful of 

researchers have investigated this; however, the few studies that have been done show striking results.  

Even within the same population, migrants and residents tend to differ in personality.  For example, in 

roach, migrant fish are bolder than residents.  A similar pattern exists in blue tits, where migrants are 

less afraid of novel objects than residents.  These results suggest that personality differences might be 

related to variation in migratory strategies in partial migrants. 

From the moment I started working with western bluebirds, it was obvious to me that 

individuals differed in personality.  For example, I could easily predict which birds would aggressively 

dive bomb me when I approached their nests, and which would hang back, perching nearby and 
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watching carefully, but never approaching.  It made sense to ask whether these personality differences 

were associated with differences in migratory strategy. 

Measuring personality in animals requires experiments designed to capture variation in 

particular traits.  Fortunately, bluebirds – which nest in cavities in trees – will also nest in artificially 

created nest boxes, which provided a central location at which to conduct experiments.  I decided to 

investigate two personality traits: boldness and aggression.  I measured boldness by putting a novel 

object – a small paper flag – on nest boxes when parents were feeding nestlings.  To deliver food to their 

offspring, they had to pass the flag.  I recorded how long it took them – that is, how hesitant they were 

to enter the box when the flag was there.  I measured aggression using a decoy of another box-nesting 

bird, a house wren.  House wrens compete fiercely with bluebirds for nest boxes, and will often build 

over existing bluebird nests and puncture the eggs.  When we placed a house wren decoy on a box 

where bluebirds had built a nest, we expected them to respond aggressively to protect their nests.       

Like other researchers, I found that migrants and residents differed in personality – but only in 

one of the two traits I measured.  Residents were bolder than migrants, but there was no difference in 

aggression between the two groups.  Furthermore, while other studies have found a relationship 

between boldness and migratory strategy, most of them have found migrants are bolder than residents, 

while I found the reverse.  So while my results support the idea that personality traits can shape 

migratory strategies in partial migrants, they also suggest that only some traits are important, and that 

the direction of the relationship between migration and personality may differ between species.     

So what does all this tell us about the little flock of bluebirds huddled on that wintry BC beach?  

While we still can’t say for certain exactly why those bluebirds decided not to migrate, we know a lot 

more than we did a few years ago.  We know that males and females both stay, that younger birds are 

more likely to stay than older birds, and that social influences might be important in determining 
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individual strategies.  We also know that diet may play a role in migratory decisions in males, but not 

females.  Finally, we know that the birds that stay are bolder than those that leave. 

The next step will be to figure out the consequences of those decisions.  Studies of long-distance 

migrants tell us that where individuals spend the winter often affects their survival and reproductive 

success the following summer.  Studies comparing survival and reproductive success of migrants and 

residents in partially migratory populations indicate that one strategy (usually residency) is often better 

than the other.  Future studies examining partial migration in Okanagan western bluebirds should aim to 

determine if it matters whether a bird migrates south or remains resident for the winter.  

In a larger context, we also need to determine whether there are consequences associated with 

global changes to migration patterns.  While population declines are common in long-distance migrants, 

the picture is not so clear when it comes to partial migrants.  So far, most populations seem to be stable.  

However, evidence suggests that partially migratory populations can rapidly become completely 

resident.  While this change might not have immediate negative consequences for the birds themselves, 

it could certainly have unexpected effects on the ecosystems through which migrants pass on their 

journey.  As is so often the case, man-made changes in land use and climate are setting in motion events 

we cannot foresee.  While partial migration may still be a “problem of remarkable complexity”, it is one 

that we need to solve to begin to predict how these changes will impact species and ecosystems 

worldwide.   

  

Thesis Outline 

The goal of my thesis is to determine whether a variety of ecological factors and individual 

characteristics are linked to alternative migratory strategies in a partially migratory passerine, the 

western bluebird (Sialia mexicana).  I first test whether three frequently employed explanations for 



15 
 

variation in migration behaviour – the arrival time, dominance, and body-size hypotheses – explain 

patterns of migration in bluebirds breeding in the Okanagan Valley of British Columbia.  I also use birds 

captured in multiple years to ask whether bluebirds switch migratory strategies, and use pairing data to 

ask whether they mate assortatively by migratory strategy.  Second, I use carbon and nitrogen stable 

isotopes to investigate whether diet differs between migrant and resident bluebirds during two time 

periods.  Carbon and nitrogen isotopic signatures in claw tissue represent diet during the winter, while 

those in feather tissue represent diet during the early fall, when birds are moulting.  If diet is related to 

migratory strategy in bluebirds, I predict I will detect isotopic differences between migrants and 

residents in both time periods.  Finally, I ask whether differences in personality are correlated with 

alternative migratory strategies in bluebirds.  I measure boldness (response to a novel object) and 

aggression (response to a simulated territorial intrusion), and then ask whether these two personality 

traits differ between migrants and residents.  I also ask how the personality traits of individuals from my 

partially migratory population compare with those of individuals from a fully resident population in 

Carmel Valley, California.  Overall, my findings contribute to a broader understanding of the control of 

partial migration, and the ecological and individual characteristics that shape migratory strategies in 

partially migratory populations. 

 

Suggested Reading 

Adriaensen, F., and A.A. Dhondt. 1990. Population dynamics and partial migration of the European robin 

(Erithacus rubecula) in different habitats. Journal of Animal Ecology 59: 1077-1090. 

Aparicio, J. M. 2000. Differences in the diets of resident and non-resident kestrels in Spain. Ornis Fennica 

77: 169-175. 



16 
 

Bauer, S., and B.J. Hoye. 2014. Migratory animals couple biodiversity and ecosystem functioning 

worldwide. Science 244: 1242552. 

Bell, A. 2007. Animal personalities. Nature 447: 539-540. 

Berthold, P., and U. Querner. 1981. Genetic basis of migratory behavior in European warblers. Science 

212: 77-79. 

Berthold, P., and U. Querner. 1982. Partial migration in birds: experimental proof of polymorphism as a 

controlling system. Experientia 38: 805-806. 

Chan, K. 1994. Nocturnal activity of caged resident and migrant silvereyes (Zosteropidae: Aves). Ethology 

96: 313-321. 

Chan, K., and J. Kikkawa. 1997. A silvereye dilemma: to migrate or not to migrate? Emu 97: 91-93. 

Chapman, B.B., C. Brönmark, J.-Å. Nilsson, and L.-A. Hansson. 2011. The ecology and evolution of partial 

migration. Oikos 120: 1764-1775. 

Chapman, B.B., K. Hulthen, D.R. Blomqvist, L.A. Hansson, J.-Å. Nilsson, J. Brodersen, P.A. Nilsson, C. Skov, 

and C. Brönmark. 2011. To boldly go: individual differences in boldness influence migratory 

tendency. Ecology Letters 14:871-876. 

Fudickar, A., A. Schmidt, M. Hau, M. Quetting, and J. Partecke. 2013. Female-biased obligate strategies 

in a partially migratory population. Journal of Animal Ecology 82: 863-871. 

Gauthreaux, S.A. 1982. The ecology and evolution of avian migration systems. Pages 93-168 in D.S. 

Farner, J.R. King and K.C. Parkes, editors. Avian Biology. Volume 6. Academic Press, New York, 

NY. 

Gilbert, N.I., R.A. Correia, J.P. Silva, C. Pacheco, I. Catry, P.W. Atkinson, J.A. Gill, and A.M.A. Franco. 2016. 

Impacts of landfill use on the movement and behaviour of resident white storks (Ciconia ciconia) 

from a partially migratory population. Movement Ecology 4: 7. 



17 
 

Gillis, E.A., D.J. Green, H.A. Middleton, and C.A. Morrissey. 2008. Life history correlates of alternative 

migratory strategies in American dippers. Ecology 89: 1687-1695. 

Gilroy, J.J., J.A. Gill, S.H.M. Butchart, V.R. Jones, and A.M.A. Franco. 2016. Migratory diversity predicts 

population declines in birds. Ecology Letters 19: 308-317.  

Heath, J.A., K. Steenhof, and M.A. Foster. 2012. Shorter migration distances associated with higher 

winter temperatures suggest a mechanism for advancing nesting phenology of American 

kestrels Falco sparverius. Journal of Avian Biology 43: 376-384. 

Hegemann, A., P.P. Marra, and B.I. Tieleman. 2015. Causes and consequences of partial migration in a 

passerine bird. American Naturalist 186: 531-546. 

Hobson, K.A., and L.I. Wassenaar. 1997. Linking breeding and wintering grounds of neotropical migrant 

songbirds using stable hydrogen isotopic analysis of feathers. Oecologia 109: 142-148. 

Holte, D., U. Köppen, and A. Schmitz-Ornés. 2016. Partial migration in a central European raptor species: 

an analysis of ring re-encounter data of common kestrels Falco tinnunculus. Acta Ornithologica 

51: 39-54. 

Jahn, A.E., D.J. Levey, J.A. Hostetler, and A. M. Mamani. 2010. Determinants of partial bird migration in 

the Amazon Basin. Journal of Animal Ecology 79: 983-992. 

Jonzen, N., A. Lindén, T. Ergon, E. Knudsen, J.O. Vik, D. Rubolini, D. Piacentini, C. Brinch, F. Spina, L. 

Karlsson, M. Stervander, A. Andersson, J. Waldenström, A. Lehikoinen, E. Edvardsen, R. Solvang, 

and N.C. Stenseth. 2006. Rapid advance of spring arrival dates in a long-distance migratory birds. 

Science 312: 1959-1961. 

Ketterson, E.D., and V. Nolan Jr. 1976. Geographic variation and its climatic correlates in the sex ratio of 

eastern-wintering dark-eyed juncos (Junco hyemalis hyemalis). Ecology 57: 679-693. 

Lack, D. 1943. The problem of partial migration. British Birds 37: 122-130. 



18 
 

Mettke-Hofmann, C. 2017. Avian movements in a modern world: cognitive challenges. Animal Cognition 

20: 77-86. 

Mettke-Hofmann, C., C. Ebert, T. Schmidt, S. Steiger and S. Steib. 2005. Personality traits in resident and 

migratory warbler species. Behaviour 142: 1363-1381. 

Mettke-Hofmann, C., and E. Gwinner 2004. Differential assessment of environmental information in a 

migratory and a nonmigratory passerine. Animal Behaviour 68: 1079-1086. 

Mettke-Hofmann, C., S. Lorentzen, E. Schlicht, J. Schneider and F. Werner. 2009. Spatial neophilia and 

spatial neophobia in resident and migratory warblers. Ethology 115: 483-492. 

Nilsson, A.L.K., Å. Lindström, N. Jonzén, S.G. Nilsson, and L. Karlsson. 2006. The effect of climate change 

on partial migration – the blue tit paradox. Global Change Biology 12: 2014-2022. 

Nilsson, A.L.K., J.A. Nilsson, T. Alerstam, and J. Backman. 2010. Migratory and resident blue tits Cyanistes 

caeruleus differ in their reaction to a novel object. Naturwissenschaften 97:981-985. 

Palacín, C., J.C. Alonso, J.A. Alonso, M. Magaña, and C.A. Martín. 2011. Cultural transmission and 

flexibility of partial migration patterns in a long-lived bird, the great bustard Otis tarda. Journal 

of Avian Biology 42: 301-308. 

Partecke, J., and E. Gwinner. 2007. Increased sedentariness in European blackbirds following 

urbanization: a consequence of local adaptation? Ecology 88: 882-890. 

Pulido, F. 2011. Evolutionary genetics of partial migration – the threshold model of migration revis(it)ed. 

Oikos 120: 1776-1783. 

Pulido, F. and P. Berthold. 2010. Current selection for lower migratory activity will drive the evolution of 

residency in a migratory bird population. Proceedings of the National Academy of Sciences of 

the United States of America 107: 7341-7346. 

Smith, H.G. and J.-Å. Nilsson. 1987. Intraspecific variation in migratory pattern of a partial migrant, the 

blue tit (Parus caeruleus): an evaluation of different hypotheses. Auk 104: 109-115. 



19 
 

 

 

Figure 1.1 A male and three female western bluebirds share a bath with an American goldfinch on a cold 

winter day in the Okanagan. Photo courtesy of Eva Durance. 
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Chapter 2 

 

Correlates of alternative migratory strategies partially migratory western 

bluebirds 
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Abstract 

Partial migration occurs when only some animals in a population migrate.  Individual migratory 

strategies are likely controlled by genes as well as individual and environmental conditions, which alter 

the cost-benefit trade-off of migration among individuals.  Three hypotheses have been advanced to 

explain partial migration: the arrival time, dominance, and body size hypotheses.   In this study, we 

asked whether these hypotheses explained differences in migratory strategy among individuals in a 

partially migratory population of western bluebirds (Sialia mexicana) breeding in southern British 

Columbia, Canada.  We used stable hydrogen isotope signatures in claw tissue to determine migratory 

strategies of individual bluebirds, and examined patterns of migration at both population and individual 

levels.  The proportion of resident bluebirds increased significantly over the time period of the study, 

and varied widely across study sites.  Migratory strategy was not consistent within individuals, and a 

number of migrants switched to the resident strategy; however, we found no evidence of strategy 

switching in the opposite direction.  Young birds were significantly more likely to be resident than older 

birds, a pattern which could arise if early arrival is particularly important for birds obtaining a territory 

for the first time.  Furthermore, young females were the most likely of all sex-age classes to be resident, 

which may reflect a survival advantage of residency for young females.   Finally, we found evidence of 

strong assortative mating by migratory strategy.  Our results provided no support for the dominance or 

body size hypotheses, and only limited support for the arrival time hypothesis in bluebirds.  However, 

taken together, we suggest that our findings indicate that social factors may influence migratory 

strategies in this partially migratory system. 
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Introduction 

Migration is an integral part of the annual cycle of a wide range of animals, from invertebrates 

to mammals.  However, although migration is typically thought of as a life history strategy shared by 

entire populations or species, many aspects of migratory behaviour may vary among individuals – from 

direction (Berthold et al. 1992) and route (Sandberg and Moore 1996, Covino and Holberton 2011, 

Vardanis et al. 2016), to timing (Studds et al. 2008, Vardanis et al. 2016) and distance (Ketterson and 

Nolan 1976, Cristol et al. 1999, Dale and Leonard 2011).  An understanding of why migratory behaviour 

varies among individuals can reveal both proximate and ultimate causes of migration, and shed light on 

the evolution of long distance movement in animal populations (Lundberg 1988, Chapman et al. 2011a, 

Pulido 2011).  Furthermore, because migration is inextricably linked to other parts of the annual cycle, 

variation in migratory behaviour may arise from individual differences in non-breeding (e.g., Studds et 

al. 2008) or breeding (e.g., Catry et al. 2013) experience, and may carry over to affect fitness in other 

parts of the annual cycle (e.g., Dale and Leonard 2011).  Thus, understanding the causes and 

consequences of variation in migratory behaviour is necessary to better predict population trends, and 

is particularly important in the current context of rapid, human-induced changes to climate and land-use 

(Chapman et al. 2011b), which have been linked to population declines in migratory species worldwide 

(Wilcove and Wikelski 2008, Mettke-Hofmann 2017).  Recent studies suggest that variation in migratory 

behaviour may act as a buffer in the face of these changes, allowing species to persist despite 

environmental perturbations (Gilroy et al. 2016, Mettke-Hofmann 2017).  

Perhaps the most extreme example of variation in migratory behaviour occurs when individuals 

within one population adopt entirely different migratory strategies: only some migrate, while others 

remain resident year-round.  This “within population migratory dimorphism” (Chapman et al. 2011b; pg. 

1764) is known as partial migration and is perhaps the most common form of migration.  Many species 

generally considered migratory are likely partially migratory (Pulido et al. 1996, Chapman et al. 2011a).  
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Partial migration is found across a wide variety of taxa (Chapman et al. 2011b), and is particularly 

common in birds (Pulido et al. 1996, Berthold 2001).  For example, more than 50% of the migrant 

passerine species breeding at high latitudes (>39o) in North America are partial migrants (Jahn et al. 

2012).   

Despite the prevalence of partial migration in birds, the mechanisms determining individual 

migratory strategies are still not completely understood.  Captive breeding studies have demonstrated 

that incidence, amount, and direction of migratory activity are heritable in partial migrants (Berthold 

and Querner 1981, 1982, Biebach 1983, Berthold et al. 1990, Helbig 1991).  The results of these studies 

indicate that migratory strategy is determined by a genetic polymorphism, but is not under the control 

of a single locus (Berthold 1991).  Rather, the inheritance of migratory strategy can best be explained by 

multiple loci acting together to produce a threshold trait (Berthold 1988, Pulido et al. 1996).  In the 

threshold model of migration, migration strategy (a dichotomous trait) is underlain by a continuous, 

normally distributed trait, termed liability, and a threshold.  Individuals with a liability above the 

threshold are migratory, while those with a liability below the threshold are resident (Pulido et al. 1996).   

However, field studies of partially migratory bird species have provided a wealth of evidence 

that migratory strategies are often also shaped by individual or environmental condition.  For example, 

in many species, variation in migratory behaviour appears to be driven by individual asymmetries in 

variables such as sex, age, and body size (Lundberg 1987), or by environmental factors such as habitat 

(see Table 2.1).  Moreover, longitudinal studies of several species show that migratory strategy is often 

not fixed at the individual level; rather, some individuals switch strategies between years (e.g., Chan and 

Kikkawa 1997, Able and Belthoff 1998, Gillis et al. 2008, Ogonowski and Conway 2009, Palacín et al. 

2011, Pérez et al. 2014, Hegemann et al. 2015).  These findings suggest that ecological factors, rather 

than genetics, may be the main determinant of individual migratory strategies.  To reconcile these 

differing views, Pulido (2011) revised the threshold model of migration to include the influence of 
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environmental factors.  In this updated “environmental threshold model”, both the liability and the 

threshold for migration are inherited; however, both are also sensitive to environmental conditions, and 

environmental sensitivity can vary between populations or groups (e.g., sexes, age classes; Pulido 2011).  

Importantly, this model predicts the coexistence of obligate migrants and residents – i.e., individuals 

with liability trait values distant from the threshold, which are always migrant or always resident – and 

‘facultative’ migrants – i.e., individuals with liability trait values close to the threshold, which may 

change migratory strategies as the threshold moves (Figure 1 in Pulido 2011).  This prediction has been 

supported by recent studies, which have found partially migratory populations are composed of both 

individuals with consistent migratory strategies and individuals that switch strategies between years 

(Fudickar et al. 2013, Brodersen et al. 2014).    

 Given the importance of individual and environmental condition in shaping migratory behaviour, 

a great deal of research has focused on identifying the ecological factors that result in some individuals 

migrating while others remain resident.  Historically, three hypotheses have been advanced to explain 

the patterns in migratory strategy often seen in partially migratory populations.  The arrival time 

hypothesis posits that there is a selective advantage to residency for the sex that establishes territories, 

and thus predicts a correlation between migratory strategy and sex (Ketterson and Nolan 1976).  The 

dominance hypothesis proposes that limited resource availability during the non-breeding season 

results in dominant individuals compelling subordinates to migrate (Ketterson and Nolan 1976, 

Gauthreaux 1982).  Finally, the body size hypothesis suggests that larger individuals may better tolerate 

the environmental challenges of residency, and predicts that smaller individuals will be more likely than 

larger individuals to migrate (Ketterson and Nolan 1976; ‘thermal tolerance hypothesis’ in Chapman et 

al. 2011b). 

Studies of partial migration have provided support for all three hypotheses in different species.  

For example, in European blackbirds (Turdus merula), males – which establish and defend breeding 
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territories – are significantly more likely to be resident than females (Fudickar et al. 2013), the pattern 

expected under the arrival time hypothesis.  In blue tits (Cyanistes caeruleus), birds of low social rank 

(females and young individuals) are more likely to migrate than those of high rank (Smith and Nilsson 

1987); similarly, in house finches (Carpodacus mexicanus), subordinate younger individuals show a 

stronger tendency to migrate than dominant older individuals (Able and Belthoff 1998).  The sex and 

age-class patterns in both these species support the dominance hypothesis.  Finally, in Eurasian skylarks 

(Alauda arvensis), resident birds have longer tarsi than migrants (Hegemann et al. 2015), supporting the 

body size hypothesis.  

However, in many partially migratory species, observed patterns of migratory behaviour do not 

match the predictions generated by the arrival time, dominance or body size hypotheses, suggesting 

that more complex factors are at work.  For example, in tropical kingbirds (Tyrannus melancholicus), 

most young females migrate (Jahn et al. 2010).  Given that young females are the smallest birds and 

usually socially subordinate, this pattern would be predicted by the dominance and body size 

hypotheses.  However, the largest males, which are dominant, are also very likely to migrate, exactly the 

opposite of the pattern predicted by the dominance, body size, and arrival time hypotheses (Jahn et al. 

2010).  In Tasmanian silvereyes (Zosterops lateralis lateralis), an individual’s migratory strategy is not 

related to sex, age, or body size, again contrary to the predictions of all three hypotheses (Chan and 

Kikkawa 1997).   

Thus, it is becoming increasingly apparent that we need to consider ecological factors beyond 

those encompassed in the arrival time, dominance, and body size hypotheses when attempting to 

understand partial migration.  For example, the patterns of migratory strategy in tropical kingbirds can 

best be explained by considering both social dominance and fasting tolerance; young females may 

migrate because they are socially subordinate, while large males may migrate because they are unable 

to find sufficient food during seasonal periods of food limitation (Jahn et al. 2010).  In silvereyes, social 
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influences may determine individual migratory strategy. Chan (1994) found that some birds only 

developed migratory restlessness in the presence of others, an observation which led him to suggest 

interactions with other individuals may be a key cue for initiating migration in this species (Chan and 

Kikkawa 1997, Chan 2005).  Social influences have been proposed to play a role in determining 

migratory strategies in other species as well, including great bustards (Otis tarda), where males become 

increasingly migratory with age as they integrate into migrant male flocks (Palacín et al. 2011). 

In this study, we investigated the correlates of alternate migratory strategies in a population of 

western bluebirds (Sialia mexicana) breeding in the Okanagan Valley of British Columbia (BC), Canada.  

Western bluebirds occur throughout western North America from Mexico to BC, and migratory 

strategies vary throughout the range: southern bluebird populations are resident, while northern 

populations are partially or entirely migratory (Guinan et al. 2008).  Our study site in southern BC is close 

to the northern limit of the species’ breeding range, and, in the Okanagan, western bluebirds are partial 

migrants (Campbell et al. 1997).  During the spring and summer, they breed throughout the Okanagan; 

during the winter, some individuals remain and are often seen around ornamental trees and local 

vineyards (Cannings 2009), while others leave and return in the spring.  Data from Christmas Bird Counts 

indicate that overwintering bluebirds were relatively rare in the Okanagan prior to the mid-1980s, but 

numbers have been increasing since then (National Audubon Society 2010, Willis 2013; Figure 2.1), 

suggesting that residency is a recently established and increasingly used strategy in this population. 

We first determined whether individual western bluebirds were migrants or residents using 

hydrogen isotope ratios in claw tissue, and then examined population and individual patterns of 

migration to investigate the ecological factors shaping migration behaviour in this species.  We asked 

whether migratory strategies varied over years or between sites, and whether individuals were 

consistently migratory or resident.  We also examined sex, age, and size patterns in relation to migratory 

strategy and asked whether these patterns were consistent with the arrival time hypothesis, the 
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dominance hypothesis, or the body size hypothesis.  Finally, to examine possible social influences 

shaping migratory behaviour, we asked whether birds paired assortatively by migratory strategy. 

The natural history of western bluebirds has been well-studied in several populations, allowing 

us to make predictions about the patterns expected under the arrival time, dominance, and body size 

hypotheses.  Although both members of a pair defend the breeding territory against intruders (Guinan 

et al. 2008), male characteristics, such as aggression, have been linked to settlement on high quality 

territories (Duckworth 2006).  Furthermore, when bluebird pairs divorce, males typically remain on the 

territory while females leave (CAD pers. obs.).  Taken together, these observations suggest that males 

are responsible for territory establishment.  Thus, under the arrival time hypothesis, we predicted that 

females would be more likely to migrate than males.  Additionally, in male bluebirds, dominance is 

related to age: older birds displace younger birds on breeding territories in the spring (Brawn 1984).  

Thus, under the dominance hypothesis, we predicted that young males would be more likely to migrate 

than older males.  Finally, under the body size hypothesis, only larger individuals can withstand the 

energetic challenges of remaining resident over the winter, so we predicted that smaller individuals 

would be more likely to migrate.  As adult male western bluebirds are slightly larger than adult females 

(Dickinson et al. 2016), we might also predict a sex bias in migration under this hypothesis. 

 

Methods 

Study sites and field methods 

We conducted this study across a 70 km range in the southern Okanagan Valley of British 

Columbia, Canada (from 49o 33’ N, 119o 39’ W to 49o 5’ N, 119o 36’ W; Figure 2.2).  Western bluebirds are 

secondary cavity nesters, meaning that they readily breed in the artificially constructed nest boxes that 

are found throughout the Okanagan.  To access established breeding populations, we chose sites where 
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local bluebird enthusiasts had granted us permission to use existing box trails.  Because these trails were 

set up by different people over many years, sites included a variety of habitats – from relatively 

undeveloped range lands to active vineyards and hiking trails (Figure 2.2).  Sites also ranged widely in 

size (from approximately 0.5 to 66.5 ha) and number of nest-boxes (from 12 to 116).  

 We captured birds during the winter (Feb – Mar) of 2011 and 2012, and the breeding season 

(Apr – Aug) of 2011, 2012, and 2013.  During the winter, we used a passive mist-netting approach to 

catch birds at three sites frequented by small flocks of wintering bluebirds (Figure 2.2).  Once birds 

began to defend nest boxes at the beginning of the breeding season (late March and early April), we 

switched to an active mist-netting approach at ten sites containing bluebird nest box trails (Figure 2.2), 

using a decoy and playback of male song to simulate a conspecific territorial intrusion.  As the breeding 

season progressed, we also used box traps to catch females incubating eggs, and both males and 

females feeding nestlings.   

We banded captured birds with a numbered metal leg band and a unique combination of three 

coloured leg bands to allow individual identification from a distance.  We sexed individuals by plumage, 

and assessed molt limits to age them as second year (SY; individuals hatched the previous summer and 

breeding for the first time) or after second year (ASY).  SY birds do not completely molt secondary 

coverts during their first pre-basic molt and so have a visible molt limit between old and new feathers 

that is absent in older birds (Shizuka and Dickinson 2005).  We weighed each individual with a spring 

balance, measured tarsus length with callipers, and measured wing chord and tail length with a ruler.  

For isotopic analyses, we also plucked the eighth secondary feather from one wing, and clipped a 1-

2mm segment of the rear claw (C1) on both feet.  In total, we sampled 203 adult western bluebirds: 123 

males (112 captured once, 11 captured in two different years) and 80 females (61 captured once, 16 

captured twice, and 3 captured in all three years of the study).   
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 We monitored birds for the remainder of the breeding season by checking nest boxes 

approximately once every three days, and recording information about pairing, nest phenology and 

success, and number of nesting attempts.   

Isotope analysis 

 To distinguish between migrant and resident western bluebirds, we analyzed stable hydrogen 

isotopes in claw tissue.  The ratio of heavy hydrogen to light hydrogen in precipitation (δDp) varies with 

latitude in North America (Sheppard et al. 1969, Bowen et al. 2005).  The isotopic signature at a given 

location is incorporated into the food web and into animal tissues grown at that location (Estep and 

Dabrowski 1980, Hobson and Wassenaar 1997); thus, hydrogen isotope ratios in tissue can act as a 

record of an individual’s geographic history (Chamberlain et al. 1997, Hobson and Wassenaar 1997). 

Because tissue hydrogen isotope signatures reflect the geographic area where they were grown, 

they can be used to distinguish between individuals using different movement strategies (e.g., 

dispersers vs. site-faithful individuals: Hobson et al. 2004, Studds et al. 2008; individuals wintering in 

different areas, Bearhop et al. 2005; migrants vs. residents: Hegemann et al. 2015).  In partially 

migratory systems, hydrogen isotope analysis enables us to distinguish between individuals wintering in 

different locations (i.e., migrants vs. residents), as long as the tissue analyzed was grown on the 

wintering grounds.  Western bluebirds undergo prebasic molt on the breeding grounds in the late 

summer and early fall (Pyle 1997) and do not molt again during the winter; thus, feather isotope 

signatures reflect breeding ground values.  Unlike feathers, claws grow continuously throughout the 

year; however, the keratin deposited is metabolically inert, so claw keratin isotopic ratios reflect an 

individual’s location over the previous several weeks to months (Bearhop et al. 2003, Fraser et al. 2008, 

Hahn et al. 2014).  Therefore, claw hydrogen isotope (δDc) signatures of bluebirds captured in the early 

spring should reflect their location during the previous winter. 
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We conducted isotope analyses at the Queen’s Facility for Isotope Research (QFIR) in Kingston, 

Ontario.  We soaked claw samples in a 2:1 chloroform:methanol solution for 24 hours, then rinsed them 

with the same solution and allowed them to equilibrate with lab air for approximately 72 hours.  After 

cleaning, we weighed samples into silver capsules (at approximately 0.10 mg), which we then outgassed 

in a 100oC oven for 24 hours to remove surface water.  Samples underwent pyrolysis at 1450oC in a 

reduction furnace (Finnigan TC/EA) to produce hydrogen gas.  This gas was delivered to an isotope ratio 

mass spectrometer (Finnigan MAT DeltaPlus XP) via a Conflo III interface.  Results of hydrogen stable 

isotope analysis are expressed in parts per thousand (‰) relative to Vienna Standard Mean Ocean 

Water (VSMOW).  

For every 18 claw samples, 7 laboratory standard with known δD ratios were weighed into silver 

capsules and analyzed alongside sample material.  We used both mineral (brucite from the University of 

Michigan and Georgia kaolinite clay), and organic (ground double-crested cormorant (Phalacrocorax 

auritus) feather keratin) standards.  Standard deviations for repeated measurements of standards were 

4-5‰ (kaolinite: -60 ± 4‰, n=74; brucite: -95 ± 5‰, n=58; cormorant: -59 ± 5‰, n=29).  Within each 

run, we also ran duplicate samples for between one and three individuals.  Because claw samples were 

too small to divide for analysis, we used the samples from C1 on different feet as duplicates.  Duplicated 

claw samples (n=32) differed by 5.0 ± 3.6‰; visual inspection of duplicate values indicated that none of 

the birds would have been assigned to different migratory strategies based on the two claw samples.  

For duplicated claw samples, we included only the first isotopic signature obtained in further analyses. 

Assigning migratory strategies 

 We first tested the prediction that claw isotope signatures would differ between migrant and 

resident bluebirds by comparing the δDc signatures of birds with known migratory strategies.  The 

majority of western bluebird populations in British Columbia are migratory (Campbell et al. 1997), and 

overwintering birds are locally common only in the southern Okanagan (Cannings 2009, Cannings pers. 
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com.); thus, we defined birds as known residents if they were captured or seen in the Okanagan Valley 

during the winter (1 January – 15 March), and as known migrants if they were captured at Rock Creek, a 

site approximately 50 km east of the Okanagan Valley, during the breeding season.  In total, we 

obtained claw samples from 12 known residents and 10 known migrants.   

 We tested whether claw hydrogen isotope signatures differed between known migrants and 

residents, and found that migrant δDc signatures were significantly higher (less negative) than resident 

δDc signatures (t=7.68, df=20, p<0.001; Figure 2.3a).  Although the ranges of migrant and resident δDc 

signatures overlapped slightly, the mean claw signature of known migrants was approximately 34‰ 

greater than that of known residents (Table 2.2).   

We then used a likelihood assignment testing approach (Royle and Rubenstein 2004), 

incorporating analytical error (Wunder and Norris 2008), to determine the migratory strategy of 

bluebirds captured during the breeding season.  First, we used isotope signatures of individuals with 

known migratory strategies to establish the mean and standard deviation of the distribution of δDc 

values for migrant and resident birds.  These individuals included the 22 western bluebirds with known 

migratory strategies (n=10 migrants; 12 residents) described above.  However, to bolster reliability and 

balance the dataset, we also included six heterospecifics with known migratory strategies captured in 

the Okanagan in the winter and spring of 2011: two European starlings (Sturnus vulgaris; resident) and 

four mountain bluebirds (Sialia currucoides; migrant).  This produced a total of 14 known migrants and 

14 known residents.   

For each unknown origin individual sampled, we then calculated the probability that it belonged 

to the migrant or the resident group using a normal likelihood function (Royle and Rubenstein 2004).  

Because we did not have prior information about the relative abundance of migrants and residents, we 

used a uniform prior probability (i.e., prior probability = 1).  To incorporate analytical error, we used our 

repeated measurements of laboratory standards (brucite, kaolinite, and cormorant feather keratin) to 



32 
 

establish a standard deviation for δD measurements.  Then, for each stable isotope observation of each 

individual, we simulated 10000 values by drawing randomly from a distribution with a mean equal to 

the original stable isotope observation, and a standard deviation equal to the SD of the lab standards 

(Wunder and Norris 2008; Franks et al. 2012), generating 10000 datasets.  For each individual in each 

dataset, we then determined the probability that it was a migrant or a resident as described above, and 

assigned it to the strategy with the greater probability of origin.  Finally, we examined the distribution of 

assignments from the simulated datasets, and considered individuals to have employed the strategy 

with the greatest number of assignments out of 10000 simulations.  

We tested our assignment using leave-one-out-cross-validation of individuals of known 

migratory strategy (Franks et al. 2012, Bugajski et al. 2013).  This approach removes one sampled 

individual from the analysis and redefines the distribution of δDc values for migrants and residents using 

the remaining individuals, then attempts to reclassify the removed individual based on this new 

distribution.  During cross-validation, 26 of 28 individuals (93%; 13 migrants and 13 residents) were 

assigned to the correct migratory strategy.  Of the 26 correctly assigned individuals, 19 (73%) were 

assigned correctly 100% of the time (i.e., in all simulations), and all 26 (100%) were assigned correctly at 

least 80% of the time.  Based the results of our cross-validation, as well as approaches used in similar 

studies (Wunder and Norris 2008, Franks et al. 2012, Bugajski et al. 2013), we included bluebirds in 

subsequent analyses only if they were assigned to a migratory strategy with at least 80% confidence.   

We also accounted for the fact that claws grow continuously, so while they maintain an ongoing 

record of the isotopic composition of an individual’s diet, they only retain that information for a limited 

time.  Thus, we needed to determine the date after which claws no longer provided reliable information 

about winter location.  Previous studies indicate that passerine claws grow at a rate of approximately 

0.04 mm d-1, and therefore retain information about winter location for one to two months after 

individuals return to the breeding grounds (Bearhop et al. 2003, Fraser et al. 2008, Hahn et al. 2014).  
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Using the formula detailed in Hahn et al. (2014), we determined that the time period represented by the 

tip of the rear claw in bluebirds was approximately 71 days, meaning that within the first ten weeks 

after birds return in the spring, claw isotope ratios should represent winter values.  The majority of 

migrant western bluebirds return to the Okanagan Valley between mid-March and mid-April (Campbell 

et al. 1997), suggesting that our cut-off date should be mid-May.  To verify this, we investigated the rate 

of isotopic change in western bluebird claws by sampling the claws of six known migrants at our Rock 

Creek site several times over the course of the 2012 breeding season.  We found that the claws of these 

known migrants ceased to reflect the individuals’ true migratory strategy between 9 May and 2 June 

2012, supporting a cut-off date in mid-May.  Almost all of the bluebirds we captured in May were caught 

before 17 May; thus, we established a cut-off date of 17 May (approximately 9 weeks from mid-March) 

for assigning resident status based on claw isotope signatures. 

Although we could not assign residency after our cut-off date, five of the thirty bluebirds 

captured after 17 May were assigned to the migrant strategy with 70-90% confidence, and we chose to 

include these individuals in analyses as migrants.  Since claw growth during the breeding season leads to 

δDc signatures resembling those of residents for all individuals, regardless of migratory strategy, birds 

with migrant-like claw isotope signatures after the cut-off date must have migrated. 

Using a likelihood assignment approach allowed us to assign the majority of sampled bluebirds 

to either the migrant or resident strategy.  However, because the δDc distributions for known migrants 

and known residents overlapped, individuals with claw signatures in the area of overlap could not be 

assigned with >80% confidence to either strategy.  The unassignable range (or gap between the assigned 

resident with the most enriched δDc signature and the assigned migrant with the most depleted δDc 

signature) was 6‰ (Table 2.2).  This gap is somewhat smaller than those used to define individuals with 

different movement strategies in other, similar studies (e.g., Hegemann et al. (2015) viewed migrant and 

resident skylark claw δD signatures to be separated by a minimum of ~15‰; Studds et al. (2008) 
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considered American redstarts (Setophaga ruticilla) to be dispersers only if feather δD signatures 

differed by more than 9‰ between years, otherwise individuals were considered site-faithful).  The 

smaller unassignable gap in our study could pose a concern, given other studies where high levels of 

inter-individual variation in δD signatures were reported in tissues grown at the same location (e.g., 

Wunder et al. 2005, Rocque et al. 2006, Langin et al. 2007). 

To address this possible issue, we analyzed hydrogen isotope signatures in feathers for a subset 

of individuals (n=30; 20 migrants and 10 residents), to determine whether the differences we observed 

in δDc values could be explained simply by variation among individuals, rather than differences in 

location.  Western bluebird feathers are molted on the breeding grounds (Pyle 1997); as such, we 

predicted that feather δD signatures would be similar across individuals if location is the most important 

factor leading to variation in δD, but variable if differences among individuals contribute significantly to 

variation.  The subset of individuals for which we analyzed feather δD values consisted of birds breeding 

across the majority of the range of study sites (from Sutherland and 3 Mile Beach to Burrowing Owl; see 

Figure 2.2), and included individuals with known migratory strategies (7; all resident) and individuals 

with assigned migratory strategies (23; 20 migrants and 3 residents).  Feathers were analyzed using the 

methods outlined above for claw samples.  We found no difference between the feather δD signatures 

of migrant and resident birds (t=0.28, df=16.59, p=0.79; Figure 2.3b), suggesting that differences in claw 

δD signatures are reflective of true differences in location, and not simply variation among individuals.      

Data analysis 

All statistical analyses were conducted in R (version 3.1.3, R Core Team 2015).  

Individual and population patterns of migration 

We classified bluebirds as resident or migrant in a given winter if they were assigned to a given 

strategy in ≥8000 of the 10000 simulations.  For a subsample of recaptured birds (n=23), we were able 
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to assign individuals to a migratory strategy in two or more years.  For these individuals, we used Fisher 

Exact tests to determine whether sex or previous migratory strategy influenced migration in subsequent 

years.  Although we recaptured three of these individuals in two consecutive years, only data from the 

first recapture were included in analyses, to reduce pseudoreplication.   

We used Spearman rank correlation tests to determine whether the proportion of residents was 

correlated across years within sites, and a Cochran-Mantel-Haenszel test to determine whether the 

proportion of residents varied across years after controlling for site effects.  

Individual correlates of migratory strategy 

To investigate whether individual characteristics were correlated with migratory strategy in 

bluebirds, we used a generalized linear mixed model with a binomial error structure (function glmer, R 

package lme4).  We used migratory strategy (migrant vs. resident) as the response variable, and sex, 

age, and a measure of body size (tarsus length) as fixed effects.  We also included the interaction 

between sex and age as a fixed effect, because studies have demonstrated that the relationship 

between age and migratory strategy can vary for males and females (e.g., Jahn et al. 2010, Palacín et al. 

2011).  We included year and site as random effects to account for temporal and spatial patterns in 

migratory strategy, and individual nested within site as a random effect to account for the individuals 

caught and assigned to a migratory strategy in multiple years.  We started with the full model and 

worked backwards, eliminating fixed effects based on likelihood ratio testing to arrive at the minimum 

adequate model.  We checked model assumptions on the residuals of the minimum adequate model. 

We excluded birds with known migratory strategies (the winter captured birds and the Rock 

Creek migrants; n=21) from this analysis.  We also excluded birds whose breeding site was unknown 

(birds captured at one of our study sites but not seen again during the breeding season; n=6), and 

individuals for which we did not have a tarsus measurement (n=4).     
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Breeding correlates of migratory strategy 

We monitored birds over the breeding season, and considered individuals to be paired if they 

were observed engaging in any nesting behaviour together (e.g., nest building, box defence, feeding 

nestlings).  For 54 pairs, we obtained claw samples and isotope signatures for both members of the pair, 

and in 44 of those cases we could assign a migratory strategy to both the male and the female.  Eight of 

the 54 pairs were seen breeding together in multiple years (7 pairs in two years, 1 pair in three years); 

however, for these analyses we included each pair only once to reduce pseudoreplication.    

We tested for assortative mating by migratory strategy in these 44 pairs using a chi-squared 

test.  To determine whether members of a pair wintered in the same area, we also asked whether the 

δD signatures of members of a pair were correlated, using all 54 of the pairs from which we obtained 

male and female claw samples.  Because neither female nor male δD values were normally distributed, 

we used a non-parametric Spearman rank correlation to test for an association between the δD 

signatures of the members of a pair. 

 

Results 

Individual and population patterns of migration 

Using δDc signatures, we assigned migratory strategy to 107 of the 173 western bluebirds that 

were captured once (64 migrants and 43 residents).  An additional 21 of the birds captured once were 

individuals with known migratory strategies (10 migrants and 11 residents).  The remaining 45 single-

capture birds had δDc signatures that were unassignable and so their migratory strategy remained 

unknown.  In addition, 7 of the 30 birds captured in two or more years were assignable in only one year 

of capture.  In total, we determined migratory strategy in one winter for 135 birds (Table 2.3): 77 

migrants and 58 residents.   



37 
 

For the remaining 23 recaptured birds (7 males and 16 females), we assigned migratory strategy 

in all years of capture.  Of these 23 birds, 9 were consistently resident and 9 were consistently migratory 

(Table 2.3).  However, 5 of the 23 birds (22%) switched migratory strategies between the first and 

second years of capture, while none of the birds captured in all three years of the study (n=3) switched 

strategies between the second and third years of capture.  Birds that had migrated the previous winter 

were significantly more likely to switch strategies than those that had remained resident (Fisher’s exact 

test, p=0.003); all five of the individuals that changed strategies switched from migrating the first winter 

to remaining resident in the subsequent winter(s).  In addition, only females were observed to switch 

strategies; however, the proportion of birds that switched strategies did not differ significantly between 

sexes (Fisher’s exact test, p=0.27).  

The proportion of captured individuals assigned to the resident strategy increased from 18% in 

2011 to 73% in 2013 (Table 2.4).  However, this pattern may be at least partly due to variation in 

sampling effort across sites and years, because proportion of residents also varied widely between study 

sites: birds at some sites were almost exclusively resident (e.g., Summerland, Figure 2.4), while those at 

other sites were entirely migrant (e.g., Thomas Ranch, Figure 2.4).  Furthermore, the proportion of 

residents at a site was significantly correlated across years (2011-2012: n=9 sites, ρ=0.96, p<0.001; 2012-

2013: n=8 sites, ρ=0.92, p=0.001), suggesting that within sites, migratory patterns were consistent over 

time.  The relationship between site and migratory strategy informed our sampling efforts; because very 

few residents were captured in 2011, we focused on sites with higher proportions of residents in later 

years, biasing our sample against migrants.  To account for the variation in sampling effort, we used a 

Cochran-Mantel-Haenszel test for repeated tests of independence, and found that the variation in 

proportion of residents across years was still significant after controlling for the effects of site (Cochran-

Mantel-Haenszel M2=14.6, df=2, p=0.0007).   
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Individual correlates of migratory strategy  

To determine whether individual characteristics affected migratory strategies, we used a dataset 

of 131 bluebirds (20 of which were captured multiple times) to conduct a logistic regression with 

migratory strategy as the response variable.  The minimum adequate model included age, sex, and the 

interaction between age and sex as fixed effects; tarsus length was excluded from the final model.  Age 

and the age-sex interaction were the only significant variables; sex was not significant as a main effect 

(z=-1.56, p=0.12).  Young (SY) birds were less likely to migrate than older (ASY) birds (z=-2.54, p=0.01; 

Figure 2.5), and SY females were less likely to migrate than SY males (z=1.96, p=0.05; Figure 2.5). 

Breeding correlates of migratory strategy 

Western bluebirds paired assortatively by migratory strategy (chi-squared test; Χ2=23.10, df=1, 

p<0.001).  Of the 44 pairs for which we assigned migratory strategy to both the male and the female, 39 

were mated assortatively (22 were both migrants and 17 were both residents), and only 5 were mated 

disassortatively (2 had a male migrant and female resident, and 3 had a male resident and a female 

migrant).  In addition, δDc signatures were correlated between members of a pair (Spearman rank 

correlation; ρ=0.74, p<0.001; Figure 2.6), suggesting that they wintered in the same place.  

 

Discussion 

 Examining claw hydrogen isotope signatures allowed us to distinguish between migrant and 

resident western bluebirds, and demonstrated that individual migratory strategy was not fixed: 22% of 

recaptured individuals used different migratory strategies in different winters.  Although studies of some 

partially migratory systems have found strategy switching to be uncommon (e.g., Gillis et al. 2008), our 

results are consistent with the larger number of studies that have found high levels of flexibility in 

individual strategies (e.g., Able and Belthoff 1998, Ogonowski and Conway 2009, Palacín et al. 2011, 
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Hegemann et al. 2015).  The occurrence of strategy switching in western bluebirds indicates that 

migration strategy is not controlled by a simple genetic dimorphism in this system, reinforcing the 

results of an earlier candidate gene analysis of Okanagan western bluebirds.  Sauve (2015) found that 

adenylate cyclase polypeptide 1 (ADCYAP1), a gene that has been linked with migratory restlessness in 

European blackcaps (Sylvia atricapilla; Mueller et al. 2011), did not differ between migrant and resident 

bluebirds.   

 All individuals that we observed switching strategies changed from a migratory strategy in the 

first winter to a resident strategy in the second winter.  While similar patterns have been observed in 

other species (Able and Belthoff 1998, Ogonowski and Conway 2009), these patterns are usually 

associated with age and occur in systems where young birds are more likely to migrate than older birds.  

In species where age and migratory strategy are not correlated, birds have been observed to switch 

both from migration to residency and the reverse (Palacín et al. 2011, Hegemann et al. 2015).  In our 

study, younger birds were less likely to migrate than older birds (Figure 2.5), and we observed strategy 

switching in both young (SY, n=1) and older (ASY, n=4) individuals.  Although our sample size was 

limited, our results suggest that switching may be independent of age.  However, the pattern in the 

direction of switching could be explained by a fitness advantage to residency in western bluebirds, as 

has been found in several other partially migratory species (e.g., European robins (Erithacus rubecula), 

Adriaensen and Dhondt 1990; merlins (Falco columbarius), Warkentin et al. 1990; American dippers 

(Cinclus mexicanus), Gillis et al. 2008). 

 Furthermore, although we found no significant difference between sexes in the proportion of 

individuals that switched strategies, all five of the strategy switchers in our study were female.  There is 

limited evidence regarding sex differences in migratory consistency in other systems, although Fudickar 

et al. (2013) reported that female European blackbirds were more likely than males to be obligate 

migrants, and Palacín et al. (2011) found that female great bustards switched migratory strategies in 
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both directions, while males tended to move in one direction (from residency to migration) only.  Our 

results may indicate that female migratory strategy is more flexible than male migratory strategy in 

bluebirds, which suggests that proximate causes of migration differ between the sexes.  However, our 

sample size of males (in particular migrant males) was quite small (n=7 males; 2 migrants and 5 

residents).  Given that migrant bluebirds are significantly more likely to switch strategies than residents, 

we would have been challenged to detect strategy switching in males even if it were occurring.  Further 

studies are required to determine whether individual flexibility in migratory strategy differs between 

male and female bluebirds.  

At the population level, the proportion of bluebirds remaining resident during the winter 

increased significantly across the three years of the study (Table 2.4).  This increase was at least partly 

an artefact of annual differences in the distribution of sampling effort across sites; however, the pattern 

remained significant after controlling for the effect of site, suggesting it may reflect real changes in 

migratory strategy.  Christmas Bird Count data also indicate that the number of winter resident 

bluebirds in the Okanagan has been increasing over the past thirty years (Willis 2013; Figure 2.1), but 

Willis (2013) found that the increase was best explained by the increasing size of the breeding 

population, rather than a shift in migratory strategies.  Nonetheless, increasing levels of residency have 

been observed in partially migratory populations of several species (Berthold 1996, 2001, Pulido and 

Berthold 2010, Heath et al. 2012, Gilbert et al. 2016, Holte et al. 2016 – but see Nilsson et al. 2006, 

Meller et al. 2016), and are thought to be a response to recent changes in climate and land use.  

Continued monitoring of the Okanagan western bluebird population during both the breeding season 

and the winter is necessary to determine whether increases in the number of winter residents are a 

reflection of a shift in strategies towards residency.      

The proportion of individuals remaining resident also varied across study sites: while both 

strategies were observed at all sites (with the exception of Thomas Ranch and Central Valley; Figure 
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2.4), in most cases, one strategy tended to dominate.  Furthermore, the proportion of residents at a site 

was highly correlated across years.  The variation between and consistency within sites could be 

explained if sites differ in quality either during the breeding season or during the winter.  For example, 

migration strategy could determine settlement patterns if sites vary in quality during the breeding 

season, such that resident birds may claim high quality sites before migrants return (e.g., Warkentin et 

al. 1990).  Alternatively, territory quality could shape migratory strategy; birds with high quality 

territories may be more likely to stay, either because they are in better condition or because the 

increased risk of remaining on the breeding grounds for the winter is offset by the benefit of retaining 

high quality territories. 

Variation in migration strategy across sites may also be associated with a site’s quality (i.e., 

resources, shelter, weather) during the nonbreeding season, if wintering birds remain near their 

breeding territories.  Currently, very little is known about the winter ecology of resident bluebirds in BC.  

However, in California, western bluebirds winter in small groups (2-13 birds) composed of related and 

unrelated individuals, which form in autumn and contain roughly equal numbers of males and females 

(Kraiijeveld and Dickinson 2001).  Groups defend territories similar to those used during the breeding 

season (Kraiijeveld and Dickinson 2001), and the resource wealth of territories affects movement 

strategies of juvenile birds; offspring were more likely to disperse in the autumn when mistletoe 

(Phoradendron villosum, a critical winter resource) was removed from parents’ winter territories.  In 

contrast, offspring on unmanipulated control territories were significantly more likely to delay dispersal 

until the following spring (Dickinson and McGowan 2005).   

If bluebirds in the Okanagan, like those in California, spend the winter near their breeding 

territories, then variation between breeding sites in habitat or winter climate might influence migratory 

strategy.  For example, if the southernmost sites were reliably warmer than the northern sites, we might 

expect a higher proportion of residents in the southern part of the study range.  While our results were 
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not consistent with this prediction (the majority of birds caught at the northernmost study sites were 

resident; Figure 2.4), other habitat characteristics could be shaping migratory strategies.  For example, 

Adriaensen and Dhondt (1990) found that vegetation type was related to migratory strategies in 

European robins, where residents were often associated with evergreens, and Partecke and Gwinner 

(2007) found that anthropogenic factors were related to migratory strategies in European blackbirds, 

where nestlings hatched in urban areas displayed less migratory restlessness than those hatched in 

nearby rural areas.  Our study sites varied widely in both vegetation structure and the degree of human 

disturbance, raising the possibility that either (or both) of these factors may have influenced bluebird 

migratory strategies. 

At an individual level, our results did not support the dominance or body size hypotheses; 

however, they may provide some support for the arrival time hypothesis.  Sex and body size were not 

related to an individual’s migratory strategy, but age was: second year birds were significantly more 

likely to be resident than older birds (Figure 2.5).  This was unexpected, as when migratory strategy 

differs between age classes, younger birds are usually more likely to migrate (Table 2.1).  Furthermore, 

our results were in fact the opposite of those predicted by the dominance hypothesis, which suggests 

that dominant older birds should force younger subordinates to migrate (Gauthreaux 1982).  However, 

the pattern we detected is at least partially consistent with the arrival time hypothesis.  Older (ASY) 

bluebirds usually return to the same territory, and often to the same box, to breed each year (Keyser et 

al. 2004, CAD pers. obs.), while SY males have a harder time establishing territories and are often 

supplanted by older males (Brawn 1984).  Several authors have observed that the benefits of early 

arrival can vary between age classes (e.g., Cristol et al. 1999, Mettke-Hofmann and Greenberg 2005, 

Kokko 2011); in western bluebirds, SY birds may benefit more than ASYs from early arrival, as they are 

competing for the few available high quality territories.    



43 
 

However, the arrival time hypothesis cannot explain our finding that SY females were the sex-

age class most likely to remain resident (Figure 2.5).  If the importance of early arrival is driving the age 

patterns observed, we would expect SY males, not females, to be most likely to remain resident.  One 

explanation for our results is that residency could be linked with increased overwinter survival in 

juvenile females.  Our sample sizes provide circumstantial support for this hypothesis: numbers of all 

other sex-age classes were relatively uniform (ASY males: n=48, SY males: n=45, ASY females: n=43), 

while the number of SY females captured was notably smaller (n=17; ratio of ASY:SY females=2.5).   

This pattern could be an artefact of sampling strategy – because we could only determine 

migratory strategy for birds captured before the cut-off date, and females are easier to catch once they 

have begun incubating eggs (i.e. using box-trapping instead of mist-netting), our sample of individuals 

with assigned migratory strategies is biased towards early-breeding birds for females but not males.  

Since older females tend to breed earlier than young females (C. Dale, unpublished data), we may have 

inadvertently biased our sample against young females.  However, when only at females captured by 

mist-net are considered, there were still fewer SY than ASY females (ASY:SY ratio=1.58).  The relative 

paucity of SY females may suggest that winter survival is particularly low in this sex-age class. 

If residency does provide a survival advantage for SY females, an essential next step is to 

determine what mechanism drives this relationship, and whether it is linked to delayed dispersal.  

Dispersal is female biased in western bluebirds (Dickinson et al. 2016); in a resident population in 

California, males are more likely than females to overwinter with parents (Kraaijeveld and Dickinson 

2001) and breed near natal territories (Koenig and Dickinson 1996).  However, some females spend the 

winter in their natal group and disperse in the spring (Kraaijeveld and Dickinson 2001).  Although it is 

unknown whether residency is linked to delayed dispersal in partially migratory populations, there is 

some evidence that migration may interfere with the maintenance of social bonds in other species; an 
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interspecific comparison of the suborder Tyranni found that migratory species were more likely to 

forage alone, while resident species tended to forage in pairs or groups (Boyle and Conway 2007).   

If resident SY females are more likely to overwinter with their natal group than migrants, they 

may experience benefits that migrants do not.  For example, in winter groups, female parents are less 

aggressive towards their offspring than they are towards unrelated immigrants (Dickinson et al. 2009).  

Furthermore, although delayed dispersal did not increase overwinter survival rates in juvenile male 

bluebirds in California (Dickinson et al. 2014), possible survival advantages for females have not been 

tested in this system, and delayed dispersal has been shown to increase juvenile survival in other species 

(e.g., Griesser et al. 2006).  Thus, if residency is associated with delayed dispersal for young female 

western bluebirds, it could lead to a survival advantage over migrants in this sex-age class only, creating 

the pattern in migratory strategy we observed. 

Finally, we found strong evidence of assortative mating by migratory strategy in western 

bluebirds: in 39 of 44 pairs, the male and female shared the same migratory strategy.  Assortative 

mating by migratory strategy has been observed in a number of other species (e.g., Eurasian blackcaps 

(Sylvia atricapilla), Bearhop et al. 2005; American kestrels (Falco sparverius), Anderson et al. 2016).  

However, in these species, assortative mating appears to be a result of differences in the timing of 

arrival and breeding initiation.  In species where breeding phenology does not differ between migrants 

and residents, studies have found no evidence of assortative mating (e.g., skylarks, Hegemann et al. 

2015).  In Okanagan bluebirds, migratory strategy is not related to the timing of breeding (C. Dale, 

unpublished data), suggesting that assortative mating in our system is not an artefact of breeding 

phenology.   

In addition, δDc signatures were significantly correlated between members of a pair (Figure 

2.6), suggesting that they wintered in the same place.  This pattern could arise in two (non-mutually 

exclusive) ways.  First, birds could pair during the winter and return to the breeding grounds paired, 
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resulting in assortative mating by migratory strategy.  Studies of western bluebirds in California suggest 

that pairing begins in winter flocks; aggressive interactions both within flocks (Kleiber et al. 2007) and 

towards intruders (Dickinson et al. 2009) are best explained by sexual competition, and males often pair 

with females from their winter flocks (Kraiijeveld and Dickinson 2001).   

Alternatively, the reverse might be true: a bluebird’s migratory strategy might be affected by 

social influences, such as the migratory strategy of its mate.  The pattern we observed was similar to 

that reported in a study of Tasmanian silvereyes.  As in bluebirds, patterns of migration in silvereyes do 

not match the predictions of the arrival time, dominance, or thermal tolerance hypotheses (Chan and 

Kikkawa 1997).  To explain variation in migratory strategies in this species, Chan (2005) proposed the 

“genetic-social” hypothesis, which suggests that social influences play a role in migratory decisions.  

Silvereyes mate for life, and members of a pair are often recaptured on the same date in the spring, 

suggesting that they spend the winter together (Chan and Kikkawa 1997, Chan 2005).  Chan (2005) 

proposed that in silvereyes with intermediate migration thresholds (facultative migrants), the decision 

to migrate depends on social influences, and they are likely to migrate only if their mates or winter flock 

are migrating.   

Although social or cultural influences have been suggested as drivers of migratory decisions in a 

few studies (e.g., Palacín et al. 2011, Barnowe-Meyer et al. 2013), the importance of the social 

environment in partial migration remains relatively unexplored.  However, our results suggest that social 

influences may help to explain individual variation in migratory behaviour in western bluebirds, where – 

like silvereyes – pairings usually last over multiple breeding seasons (Dickinson et al. 1996, C. Dale, 

unpublished data).  Anecdotal evidence from our study also hints at the importance of social factors: in 

four of the five cases of strategy switching we observed, the male’s migratory strategy was also known, 

and in three of these four cases, switching was associated with either disassortative mating, mate 

switching, or both.      
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Our study adds to a growing number of partial migration studies that have found the 

mechanisms shaping individual variation in migratory strategies are rarely as simple as the arrival time, 

dominance, and body size hypotheses.  Future studies should aim to consider a wider variety of 

environmental variables, including the social environment, when attempting to disentangle the causes 

of individual variation in migratory behaviour.  Understanding this variation is an important goal, 

particularly given recent observations of human-induced changes to the incidence, amount, direction 

and distance of migration in migratory birds worldwide. Without an understanding of the factors that 

drive migration decisions in partially migratory species, it will be virtually impossible to predict how 

these species – and the many ecosystems with which they interact – will respond to future changes in 

climate and land use.  
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Table 2.1 Factors affecting migratory strategy in partially migratory bird species. 

 Species Pattern References 

Sex Blue tit Females more likely to migrate than males 
 

Smith and Nilsson 1987 

 Burrowing owl Females more likely to migrate than males 
 

Ogonowski and Conway 2009 

 Cory’s shearwater Females more likely to migrate than males 
 

Pérez et al. 2014 

 Eurasian sparrowhawk Females more likely to migrate than males 
 

Holte et al. 2017 

 European blackbird Females more likely to migrate than males in the fall; 
both sexes equally likely to migrate in the winter 
 

Fudickar et al. 2013 

 European robin Females more likely to migrate than males 
 

Adriaensen and Dhondt 1990 

 House finch Female more likely to migrate and tend to migrate 
farther than males 
 

Belthoff and Gauthreaux 1991 

Age Blue tit Juveniles more likely to migrate than adults. 
 

Smith and Nilsson 1987 

 Burrowing owl Younger birds more likely to migrate than older birds 
 

Ogonowski and Conway 2009 

 Common buzzard Juveniles more likely to migrate than adults 
 

Holte et al. 2017 

 Common kestrel Juveniles more likely to migrate than adults 
 

Holte et al. 2016 

 Eurasian sparrowhawk Juveniles more likely to migrate than adults 
 

Holte et al. 2016 

 European blackbird Juveniles more likely to migrate than adults 
 

Lundberg 1985 

 Great bustard Older males are more likely to migrate than younger 
males; no age pattern in females 
 

Palacín et al. 2011 

 House finch Younger birds more likely to migrate than older birds Able and Belthoff 1998 
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 Merlin Young males are more likely to migrate; older 

females are more likely to migrate 
 

Warkentin et al. 1990 

Body Size Eurasian skylark Smaller birds (i.e., with shorter tarsi) are more likely 
to migrate than larger birds 
 

Hegemann et al. 2015 

Habitat European robin Males in woodland habitat more likely to migrate 
than males in gardens and parks 
 

Adriaensen and Dhondt 1990 

 European blackbird Birds in forest more likely to migrate than those in 
urban environments 
 

Partecke and Gwinner 2007 
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Table 2.2 Mean and range of claw δD signatures by migratory strategy for bluebirds with known 

migratory strategies, and bluebirds assigned to migratory strategies using likelihood assignment testing. 

 n Mean (‰) SD Range (‰) 

Known migrants 
 

10 -49.5 10.07 -67 to -37 

Assigned migrants 
 

92 -52.6 7.00 -63 to -36 

Known residents 
 

12 -83.4 10.61 -105 to -63 

Assigned residents 
 

70 -85.5 8.89 -105 to -69 
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Table 2.3 Sample sizes of migrant, resident, and strategy switching birds included in this study, broken 

down by number of capture events and whether strategies were known or assigned.  Birds that switched 

strategy all switched from migration to residency. 

 Migrant Resident Switched Strategy 

Known migratory strategy 
 

10 11 NA 

Assigned in 1 year* 
 

67 47 NA 

Assigned in 2 years 
 

7 9 4 

Assigned in 3 years 
 

2 0 1 

Total 
 

86 67 5 

*This category includes birds captured in only one year (n=107; 64 migrants and 43 residents) and birds 

captured in two years but only assigned in one year (n=7; 3 migrants and 4 residents). 
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Table 2.4 Number of known and assigned migrant and resident bluebirds by year of capture.  Proportion 

of birds assigned to the resident strategy varied significantly over the course of the study. 

Year 2011 2012 2013 

Known Migrants 
 

6 4 0 

Assigned Migrants 
 

50 32 10 

Known Residents 
 

7 5 0 

Assigned Residents 
 

11 32 27 

Total 
 

74 73 37 
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Figure 2.1 Number of western bluebirds, standardized for search effort (characterized as number of party hours) seen in the Okanagan Valley 

during Christmas Bird Counts from count 87 (Dec. 1986 – Jan. 1987) to count 117 (Dec. 2016 – Jan. 2017).  Numbers are shown for each of the 

four Okanagan count circles: Kelowna (BCKE), Penticton (BCPE), Vaseux Lake (BCVL), and Oliver-Osoyoos (BCOO).  Approximate location of count 

circles is shown on the inset map, top left.
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Figure 2.2 Map of winter (gray with red stars) and breeding season (white) study sites in the Okanagan 

Valley.  Ranch land sites are denoted by circles, vineyard sites are denoted by triangles, and suburban 

sites are denoted by squares.  Inset shows the location of the Okanagan Valley (outlined in red) in British 

Columbia, Canada. 
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Figure 2.3 a) Claw δD signatures of known migrant (n=10) and known resident (n=12) western bluebirds; 

b) Feather δD signatures of assigned migrant (n=20) and assigned and known resident (n=10) western 

bluebirds. Midlines indicate median values, the whiskers extend to 1.5x the interquartile range, and 

open circles represent outliers. 

  



66 
 

 

Figure 2.4 Map of breeding season study sites in the Okanagan Valley.  Overlaid pie charts show the 

proportion of migrants (red), residents (blue), and birds that switched strategies (yellow) captured at 

each site.  The size of the pie charts reflects the total number of individuals assigned to a strategy at 

each site (all years pooled). 
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Figure 2.5 Effect of sex and age on migratory strategy of western bluebirds in the Okanagan Valley. SY 

refers to second year birds, hatched the previous summer and breeding for the first time, while ASY 

refers to after second year birds. Bolded numbers in bars indicate sample sizes in each sex-age class.  
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Figure 2.6 Relationship between male and female claw δD signatures for 54 western bluebird pairs.  

Assortatively mated pairs (green) include migrant-migrant (n=22) and resident-resident pairs (n=17).  

Disassortatively mated pairs include those where the male was a resident and the female was a migrant 

(n=3), and those where the male was a migrant and the female was a resident (n=2).  Unassigned pairs 

(n=10) are those where, despite having δD signatures for both the male and female, we were unable to 

assign one or both birds to a migratory strategy with sufficient confidence. 
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Chapter Three 

 

Migratory strategy is associated with differences in diet and foraging behaviour 

in a partially migratory passerine 
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Abstract 

The trophic polymorphism hypothesis proposes that differences in diet may lead to intra-

population variation in migratory behaviour, known as partial migration.  However, this hypothesis has 

rarely been tested.  In this study, we used carbon and nitrogen stable isotopes in two tissues (claws and 

feathers) to assess the relationship between diet and migratory strategy in partially migratory western 

bluebirds (Sialia mexicana) at two points in the annual cycle.  Claw isotopes reflect diet in winter, when 

migrants and residents are allopatric, while feather isotopes reflect diet in late summer, when migrants 

and residents are sympatric.  We also compared isotopic niche width between migrants and residents 

using the standard ellipse area (SEA) of claw and feather isotopes. Finally, we asked whether foraging 

behaviour differed between migrants and residents by assessing individuals’ response to experimentally 

presented novel and familiar insects and fruit.  Residents had significantly higher claw δ15N signatures 

than migrants, but isotopic niche width was larger for migrants, suggesting that claw isotope signatures 

reflect differences in both diet and location during the non-breeding season.  Resident males had 

significantly higher feather δ15N signatures than migrant males, indicating that male diet varied with 

migratory strategy even in sympatry; however, there was no difference in the feather isotope signatures 

of resident and migrant females, and niche width did not vary with sex or migratory strategy.  In the 

behavioural experiment, male residents were faster to eat novel insects than male migrants, while the 

opposite was true for females.  Isotope and behavioural results provide evidence that diet and foraging 

behaviour are related to migratory strategy in this system.  However, the relationship differed between 

males and females, suggesting that the factors shaping migratory strategy may vary with sex in western 

bluebirds. 
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Introduction 

 Temporal variation in food availability is thought to be a main driver of animal migration, which 

is likely an adaptive response to seasonal reductions in resources in both tropical and temperate 

ecosystems (Berthold 1996, Sol et al. 2005, Boyle et al. 2011, Chapman et al. 2011a).  However, 

migratory behaviour often varies among populations and individuals within a species.  For example, in 

partially migratory populations, only some individuals migrate, while others remain resident year-round 

(Chapman et al. 2011a).   

Several studies suggest that food availability is an important predictor of migratory tendency in 

partially migratory populations.  Experiments with brown trout (Salmo trutta) have demonstrated that 

low food availability leads to an increase in the proportion of the population migrating (Olsson et al. 

2006, Wysujack et al. 2009).  Similarly, an analysis of long-term trends in 27 European bird species found 

that the proportion of a population remaining resident in any given winter was correlated with food 

availability (Meller et al. 2016).  However, few studies have considered how food availability might be 

related to migratory strategy at an individual level.  If individuals respond differently to decreases in 

food availability, then variation in migratory behaviour may result.  In other words, seasonal fluctuations 

in food availability may explain individual variation in migratory strategy if some animals can tolerate 

these fluctuations better than others (Chapman et al. 2011a).   

Individual tolerance of food limitation may differ for both physiological and behavioural reasons.  

Differences in body size, metabolic rate, and energy reserves influence an individual’s ability to 

withstand reductions in food availability.  The fasting tolerance hypothesis (Chapman et al. 2011a) 

suggests that larger individuals are more likely than smaller individuals to survive long periods of fasting, 

due to greater energy reserves; therefore, smaller individuals should be more likely than larger 

individuals to migrate during periods of food limitation.  Patterns of altitudinal migration in several 

tropical bird species support this hypothesis (e.g., Boyle 2008, Jahn et al. 2010, Boyle 2011).   
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Social status may also affect an individual’s ability to tolerate reduced food availability.  

Dominant individuals may compensate for decreases in food availability by acquiring and defending 

more resources than subordinates, thus mitigating the effect of food limitation.  Consequently, 

subordinates should be more likely than dominant individuals to migrate because they cannot obtain 

the food necessary for survival when overall food abundance decreases (dominance hypothesis; 

Ketterson and Nolan 1976, Boyle et al. 2011).  Evidence for the importance of dominance relationships 

in determining migratory strategy has been found in a number of partially migratory species, including 

blue tits (Cyanistes caeruleus; Smith and Nilsson 1987) and house finches (Carpodacus mexicanus; Able 

and Belthoff 1998).  Patterns of migratory restlessness in captive dark-eyed juncos (Junco hyemalis) 

further support the dominance hypothesis: when deprived of food, subordinate juncos displayed higher 

levels of migratory restlessness than their dominant counterparts (Terrill 1987).   

Variation in tolerance of reduced food availability may also be governed by differences in 

foraging ecology.  “Dietary specialization” has been proposed as an explanation for variation in 

migratory behaviour among closely related tropical bird species (Boyle et al. 2011), and Chapman et al. 

(2011a) suggested that a similar mechanism might explain variation in migratory tendency among 

individuals in partially migratory populations of diverse taxa.  The “trophic polymorphism hypothesis” 

(Chapman et al. 2011a) postulates that if diets differ within a population, reduced availability of some 

items will affect individuals differently, leading to divergent migration strategies.   

Interspecific comparisons suggest that diet breadth, composition, and preferences often differ 

between migrant and resident bird species (Brändle et al. 2002, Boyle et al. 2011).  Intraspecific 

comparisons have also demonstrated differences in diet quality and composition between migrant and 

resident individuals in some partially migratory populations (e.g., Robillard and McLaughlin 2011, 

Chapman et al. 2013, Gaidet and Lecomte 2013, Ogonowski et al. 2013).  However, these differences 

generally appear to be a consequence, rather than a cause, of variation in migratory strategy: they 
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reflect the fact that migrant and resident individuals are feeding in different locations.  Thus, the role of 

trophic polymorphism in shaping migratory strategy remains largely untested (Chapman et al. 2011a). 

To our knowledge, only one study of partial migrants has demonstrated evidence of dietary 

differences between migrants and residents in sympatry: Aparicio (2000) found that migrant and 

resident Eurasian kestrel (Falco tinnunculus) diets were similar during the breeding season, but differed 

prior to migration in the fall.  During the summer, both migrant and resident kestrels relied on 

grasshoppers as a main food source; however, in the fall, residents chose items that persisted 

throughout the winter (such as crickets and mammals), while migrants chose mainly taxa that became 

unavailable in winter (such as mantids and ants). Furthermore, migrant kestrels consumed less food per 

day than residents, and their diets included a wider variety of prey items, suggesting that they were 

more affected by reduced food availability. 

The patterns observed in kestrels provide the first evidence that diet differences might shape 

migratory strategies in partially migratory populations.  However, if variation in individual feeding niches 

drives variation in migratory behaviour, it remains unknown why the diets of migrants and residents 

might differ.  Aparicio (2000) attributed the variation observed in kestrel diets to differences in resource 

availability between territories of migrants and residents: he suggested that profitable prey items were 

more depleted in the territories of migrants than those of residents, forcing the migrants to leave 

because they could not meet their energetic needs.  Indeed, spatial variation in resource availability at 

small scales may explain some intraspecific variation in diet.  For example, Jedlicka et al. (2017) found 

significant differences in the diets of western bluebirds (Sialia mexicana) breeding as little as 150 m 

apart, which they argued reflected the clumped nature of their arthropod prey. 

However, diet differences may also be a result of differences in foraging behaviour, which may 

in turn arise due to individual variation in experience (Sanz-Aguilar et al. 2015), cognitive abilities 

(Ducatez et al. 2015), food preferences (Oudman et al. 2016), or personality, particularly response to 
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novelty (Greenberg 1990, Webster and Lefebvre 2000).  Foraging behaviour has been shown to differ 

between migrants and residents in several interspecific comparisons.  For example, in a comparative 

study of 134 passerine species, Sol et al. (2005) found that long-distance migrants had a lower 

propensity for innovative foraging behaviours (consuming novel food types and adopting novel foraging 

strategies) than short distance migrants and residents.  Similarly, Boyle et al. (2011) demonstrated that 

altitudinal migrant species in Costa Rica had stronger food preferences than closely related resident 

species, and that the realized diet of migrants more closely reflected their preferences.   

These interspecific patterns would suggest we might expect residents to be more innovative and 

flexible in their diet than migrants in partially migratory populations.  However, while no one has yet 

compared migrant and resident foraging behaviour in partially migratory populations, these predictions 

are called into question by other recent studies within species examining intraspecific variation in 

response to novelty.  For example, house sparrows (Passer domesticus) from recently established 

populations will eat novel foods more readily than house sparrows from older populations (Martin and 

Fitzgerald 2005, Liebl and Martin 2014), suggesting that innovation and flexibility in diet may be linked 

to survival in unfamiliar environments, such as those encountered by migrants.  In addition, several 

studies of response to novel stimuli in partially migratory populations have found migrants to be bolder 

than residents (Nilsson et al. 2010, Chapman et al. 2011b).   

In this study, we investigated the role of trophic polymorphism in shaping migratory strategy in 

a partially migratory population of western bluebirds in British Columbia, Canada.  Western bluebirds 

are small, cavity nesting thrushes that breed throughout western North America.  They display a variety 

of migratory strategies throughout their range, from fully resident in the south to fully or partially 

migratory in the north (Guinan et al. 2008).  Like many passerines, they are primarily insectivorous 

during the breeding season, consuming insects from a wide variety of taxa, including Diptera, 

Lepidoptera, Coleoptera, Hemiptera, and Orthoptera (Herlugson 1982, Jedlicka et al. 2017).  However, 
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during the winter, they switch to a largely frugivorous diet (Guinan et al. 2008).  The types of fruit 

consumed vary with location, although mistletoe berries (Phoradendron spp.) are a common dietary 

component throughout the range (Guinan et al. 2008).  In BC, bluebirds frequently forage on Russian 

olives (Elaeagnus angustifolia), a ubiquitous ornamental tree (Cannings 2009, C. Dale pers. obs.).  

We first asked whether diet, inferred from carbon and nitrogen stable signatures, differed 

between migrant and resident bluebirds at two points in the annual cycle.  We examined isotope 

signatures in feathers, grown during molt near the end of the breeding season, which reflected diet 

when migrants and residents were sympatric, and in claws, which reflected diet during the non-breeding 

season, when migrants and residents were allopatric. If individual diet differences in western bluebirds 

are associated with variation in migratory strategy, we predicted that isotope signatures would differ 

between migrants and residents in both tissues.  Furthermore, if migrants are forced to leave because 

their diet does not allow them to meet their energetic needs, we predicted that migrant diets would be 

more diverse than resident diets, even in sympatry. 

Second, we investigated whether foraging behaviour differed between migrant and resident 

bluebirds.  To do this, we experimentally evaluated individuals’ response to novel and familiar insects 

and fruit.  Based on the results of interspecific comparisons (e.g., Sol et al. 2005, Boyle et al. 2011), we 

would expect residents to be more innovative (be more willing to eat novel foods) and flexible (be 

willing to incorporate a larger diversity of foods, i.e. both fruit and insects) than migrants.  However, 

based on the results of intraspecific comparisons (Nilsson et al. 2010, Chapman et al. 2011b, Liebl and 

Martin 2014), we would predict the opposite: migrants should be more innovative and flexible than 

residents.  In fact, it is likely that both migrants and residents require flexibility in their diet.  To cope 

with seasonal variation in food availability, residents may have to be willing to switch between entirely 

different types of food (e.g. insects and fruit), while, to cope with novel environments, migrants may 

incorporate more varieties of a given food type (i.e. more varieties of fruit or insects) than residents 
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(Boyle et al. 2011).  Thus, we predicted that resident bluebirds would be more willing than migrants to 

consume both familiar and novel fruit in our experiment, as they may rely more heavily on fruit during 

the non-breeding season than migrants.  However, we predicted that migrants would be more willing 

than residents to consume novel insects, as they may be more likely to encounter unfamiliar prey 

species on the wintering grounds.  

 

Methods 

Study system and field methods 

We investigated the relationship between diet and migratory strategy in a population of 

western bluebirds breeding in the Okanagan Valley, British Columbia, Canada.  In the southern 

Okanagan, western bluebirds are partially migratory, with the number of individuals remaining resident 

increasing over the last few decades (Campbell et al. 1997, Willis 2013, see Chapter 2).  During the 

winter (Feb-Mar) of 2011 and 2012, we used passive mist-netting to trap residents at three sites in the 

Okanagan.  Bluebirds overwinter in small flocks (~6-10 individuals), which are frequently seen near 

vineyards or Russian olive trees (Cannings 2009).  Flocks are a mixture of males and females, and second 

year (SY) and after second year (ASY) birds.  Previous work has shown that SY birds are more likely to be 

resident than ASY birds, and body size is not related to migratory strategy (Chapter 2), suggesting that 

neither dominance nor fasting tolerance are driving individual variation in migration strategies. 

During the breeding season (Apr-Aug) of 2011, 2012, and 2013, we used active mist-netting to 

trap bluebirds breeding at ten sites across a 70 km range in the southern Okanagan.  Western bluebirds 

readily nest in artificial cavities (Guinan et al. 2008), making nests easy to locate and creating a tractable 

system for experiments.  In the early spring, we monitored boxes for signs of nesting activity; once we 

determined that a box was in use, we used a conspecific decoy and playback to capture the birds.   



77 
 

Captured birds were banded with a numbered aluminum leg band and a unique combination of 

three coloured leg bands to allow for individual identification from a distance.  We sexed birds by 

assessing plumage, and aged them as SY (hatched the previous summer and breeding for the first time) 

or ASY using molt limits (Shizuka and Dickinson 2005).  From each individual, we took a 1-2 mm claw 

sample from the rear toe (C1) on each foot and plucked an inner secondary feather from one wing for 

stable isotope analysis.  After releasing birds, we continued to monitor nest boxes for the remainder of 

the breeding season, and recorded the timing and fate of all nesting attempts. 

Assigning migratory strategies 

We determined the migratory strategy of individual western bluebirds using hydrogen stable 

isotope analysis of claw tissue, explained in detail in Chapter 2.  In brief, the ratio of heavy to light 

hydrogen in precipitation (δDp), varies with latitude in North America (Sheppard et al. 1969, 

Chamberlain et al. 1997, Hobson and Wassenaar 1997, Bowen et al. 2005).  Hydrogen isotope ratios are 

incorporated into food webs and hence into animal tissues (Estep and Dabrowski 1980); therefore, the 

δD signature of claws, which grow continuously, should provide information about an individual’s winter 

location if sampled in early spring (Bearhop et al. 2003, Mazerolle and Hobson 2005).  Hydrogen isotope 

ratios are high in southeastern North America, and decrease to the north and west (Sheppard et al. 

1969, Bowen et al. 2005); thus, residents, which remain on northern breeding grounds during the 

winter, should have more negative claw δD signatures than migrants.   

Hydrogen isotope analyses were conducted at the Queen’s Facility for Isotope Research (QFIR) 

as described in Chapter 2.  We used claw δD signatures from birds with known migratory strategies (i.e., 

known residents – birds caught during the winter in the Okanagan, and known migrants – birds caught 

at a site ~50 km east of the Okanagan Valley) to establish a range of expected δD values for each 

migratory strategy, and then used a likelihood assignment testing approach (Royle and Rubenstein 
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2004), incorporating analytical error (Wunder and Norris 2008) to assign individuals of unknown strategy 

as either migrants or residents. 

Because bird claws grow continuously, claw δD values only reflect winter location for 

approximately one to two months after birds return to the breeding grounds in spring (Bearhop et al. 

2003, Mazerolle and Hobson 2005, Fraser et al. 2008, Hahn et al. 2014).  We used this information and 

the rate of change of claw δD values for known migrant birds recaptured several times in 2012 to 

establish a cut-off date after which we were no longer confident that claws represented winter isotope 

ratios (see Chapter 2 for details).  However, although we could not assign residency after the cut-off 

date (May 17), we were able to assign 5 individuals captured after this date to the migrant strategy.  

Since claw growth during the breeding season leads to claw δD signatures resembling those of residents 

in all individuals, regardless of migratory strategy, birds with migrant-like claw δD values after the cut-

off date must have migrated. 

Carbon and nitrogen isotope analyses 

To infer the diets of individual bluebirds, we used nitrogen and carbon isotopes, which reflect 

the isotopic composition of an individual’s food sources (Hobson and Clark 1992, Bearhop et al. 2002, 

2004).  The ratio of heavy to light carbon (13C:12C; δ13C) in animal tissue depends largely on the water 

stress and photosynthetic pathway of the primary producers at the base of the food web (Kelly 2000, 

Marshall et al. 2007); thus, δ13C is usually reflective of habitat differences (e.g., Marra et al. 1998).  The 

ratio of heavy to light nitrogen (15N:14N, δ15N) in animal tissue depends primarily on an individual’s 

position in the food web, and increases by approximately 3-5‰ with each trophic level (DeNiro and 

Epstein 1981, Kelly 2000, Bearhop et al. 2002). 

We examined isotope signatures in both claws and feathers, because tissues reflect diet during 

the period of synthesis (Hobson and Clark 1992): thus, by sampling multiple tissues, we gain insight into 

diet at different points in the annual cycle.  Western bluebirds moult feathers once per year, between 
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July and September (Pyle 1997), so carbon and nitrogen values in feathers represent diet in late summer 

and early fall – before migrants depart from the breeding grounds. Conversely, if claws are sampled in 

early spring, carbon and nitrogen values in claw tissue represent winter diet.  

Carbon and nitrogen analyses were conducted at QFIR.  Claw and feather samples were soaked 

in a 2:1 chloroform:methanol solution for 24 hours, then rinsed with the same solution and allowed to 

equilibrate with lab air for 2-3 days.  These samples were weighed into tin capsules at approximately 0.3 

g, and then combusted in a NCS 2500 Elemental Analyzer (EA).  The resulting gas was delivered to a 

Finnigan MAT 252 Isotope Ratio Mass Spectrometer via a Conflo II interface.  All carbon and nitrogen 

isotope values are expressed in parts per thousand (‰), relative to an international standard (carbon: 

Vienna Pee Dee Belemnite, VPDB; nitrogen: atmospheric nitrogen, AIR). 

For every ten unknown samples, we ran one in-house standard with known carbon and nitrogen 

isotope ratios.  Based on repeated measurements of the standards, laboratory measurement error was 

estimated as ±0.3‰ for δ13C, and ±0.2‰ for δ15N.  For approximately 10% of samples (56 of 482 total: 

31 of 235 claw samples and 25 of 247 feather samples), we analyzed two samples from the same 

individual to check repeatability of isotope measurements.  Because most claw samples were too small 

to divide, we used two different claws from the same individual as duplicates.  Duplicate feather 

samples were taken from the same feather.  Duplicate samples differed by 0.30 ± 0.25‰ for nitrogen 

isotope signatures (claws: 0.33 ± 0.29‰; feathers: 0.27 ± 0.19‰), and by 0.28 ± 0.36‰ for carbon 

isotope signatures (claws: 0.31± 0.44‰; feathers: 0.23 ± 0.23‰).  When we had duplicate values for 

samples, we used only the first value in analyses.  

Food choice experiment 

We conducted food choice experiments at a subset of nests between May and July 2012.  We 

carried out experiments when nestlings were between 16 and 19 days old.  Twenty-four of 28 
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experiments occurred during a pair’s first nesting attempt; however, in four cases, the first nests failed 

before nestlings reached 16 days, so we performed the experiment during second nesting attempts. 

To increase the chances of birds participating, we pre-baited pairs with mealworms for at least 

six days prior to the experiment.  When nestlings were 10 days old, we set up a small wooden table 

beside or beneath the nest box, and placed a glass dish containing 10 mealworms on the table.  The dish 

was checked and refilled every day, and dead mealworms were removed and replaced. 

On the day of the experiment, the mealworm dish was removed from the table and replaced 

with four identical glass dishes containing four different types of food.  One dish contained familiar 

insects: six crickets (family Gryllidae), obtained from a local pet store.  Orthopterans are a common 

component of adult western bluebird diet (Guinan et al. 2008, although see Jedlicka et al. 2017), and are 

one of the main taxa fed to nestlings (Herlugson 1982).  To ensure that crickets did not escape during 

the experiment, we removed their hind legs.  The second dish contained unfamiliar insects: six 

butterworms, the larvae of the Chilean moth (Chilecomadia moorei).  Because butterworms might be 

considered superficially similar to mealworms, we dyed the butterworms with blue food colouring; 

studies suggest that novel colouration induces neophobic responses in many bird species (Marples and 

Roper 1996, Marples et al. 1998).  The third dish contained familiar fruit: six Russian olives, the fruits of 

a common ornamental tree consumed by bluebirds during the winter and in early spring, after migrants 

return to the breeding grounds (Cannings 2009; C. Dale pers. obs.).  Finally, the fourth dish contained 

unfamiliar fruit: six pomegranate seeds.     

The table was left in place for one hour, during which an observer sat at least 20m away from 

the nest box and recorded the responses of the focal pair.  Using a voice recorder and a stopwatch, the 

observer noted when birds first landed on the table, when they picked up food, the type of food they 

picked up, and (when possible) what they did with it.  Most of the food items picked up were either 

eaten by the birds themselves or fed to nestlings.  However, birds sometimes left the area with food 
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items, making it impossible to see whether they eventually ate them.  Thus, for analyses, we considered 

that an individual had ‘eaten’ an item once it picked the item up from the table.  We also recorded 

experiments using a digital video camera positioned on a tripod approximately 5-10 m from the nest 

box, and later reviewed recordings to verify the accuracy of observations made using the voice recorder. 

Statistical analysis 

 Analyses were conducted in R (version 3.4.0, R Core Team 2017).  For all analyses, we set a 

significance threshold of α=0.05. 

Diet and migratory strategy 

We captured 203 western bluebirds over the three years of the study.  Thirty of those birds 

were captured in more than one year, but we only included data from the first year of capture in 

analyses.  We could assign migratory strategy in the first year of capture for 155 of the 203 birds. 

Of those 155 birds, we did not have claw isotope data for 16.  An additional four birds were 

captured after our cut-off date (17 May); although we assigned those individuals to a migratory strategy, 

we could not be confident that the δ13C and δ15N signatures of their claws represented winter diet.  

Therefore, they were excluded from analyses, leaving a final sample size of 135 birds. 

We had feather isotope data for 153 of the 155 birds assigned to a migratory strategy, but we 

included only feathers from ASY birds (n=77) in analyses of feather isotope signatures.  While adult 

western bluebirds undergo a complete prebasic moult on the breeding grounds, hatch year birds 

undergo only a partial moult, with approximately 17% of individuals moulting the inner secondaries 

(Pyle 1997).  Thus the majority of SY birds have secondary feathers grown in the nest the previous 

summer, which reflect food fed to nestlings by parents, rather than independent diet choices.   

 To determine whether carbon and nitrogen isotope signatures were related to migratory 

strategy, we fitted linear mixed models using the package lme4 (Bates et al. 2015).  We ran separate 

models for carbon and nitrogen in each tissue.  For claw isotope signatures, we modeled δ13C and δ15N 
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as a function of sex, age, migratory strategy and the two-way interactions between migratory strategy 

and sex and migratory strategy and age.  For feather isotope signatures, we modeled δ13C and δ15N as a 

function of sex, migratory strategy, and the interaction between them.  To account for variation due to 

temporal and spatial changes in isotopic signatures of foodwebs, we included site and year as random 

effects in models of claw and feather δ13C.  Preliminary analyses suggested that δ15N did not vary 

between years; thus, for models of claw and feather δ15N, we included only site as a random effect.  For 

all four models, we started with the full model and worked backward, eliminating fixed effects based on 

likelihood ratio testing to arrive at the minimum adequate model.  Model assumptions were checked on 

the residuals of the minimum adequate model.   

We also compared the isotopic niche width of male and female migrant and resident bluebirds.  

Hutchinson (1957) defined the ecological niche as an n-dimensional hypervolume representing the 

resource and habitat requirements of an organism or species.  An organism’s trophic niche refers 

specifically to its resource use, and the width of the trophic niche is a reflection of the diversity of its 

diet.  Because carbon and nitrogen isotopes in animal tissues are linked to diet, the isotopic niche of an 

individual or population is similar to its trophic niche (Newsome et al. 2007, Jackson et al. 2011), and 

isotopic niche width provides a measure of dietary diversity.   

To quantify the isotopic niche of bluebirds, we examined the position of individuals in the 

multivariate space formed by δ13C and δ15N.  We used Stable Isotope Bayesian Ellipses in R (SIBER; 

Jackson et al. 2011), available in the package Stable Isotope Analysis in R (SIAR; Parnell and Jackson 

2013) to calculate standard ellipse area (SEA) for migrants and residents of both sexes.  SEA represents a 

measure of niche width, and is an alternative to the convex hull area (TA), which has also been used as a 

measure of niche width (Layman et al. 2007), but is highly sensitive to variation in sample size (Jackson 

et al. 2011).  Because the convex hull is drawn around the most extreme data, it increases with 

increasing sample size; conversely, SEA encloses only approximately 40% of the data and thus is less 
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sensitive to variation in sample size.  However, as SEA may also be biased at small sample sizes (n < 30), 

we plotted an estimate of SEA corrected for small sample size (SEAC), and to compare SEA between 

groups, we used the Bayesian estimate of SEA (SEAB).  SEAB is not biased by sample size and incorporates 

uncertainty in the sampled data (Jackson et al. 2011). 

We calculated SEAB for male and female migrant and resident bluebirds in feathers and claws, 

which allowed us to compare isotopic niche width between groups at different points of the annual 

cycle.  To determine whether niche widths differed significantly between groups, we performed 

pairwise comparisons of the posterior Bayesian distributions for each group, following Jackson et al. 

2011.  We calculated the proportion of the 105 simulated ellipses for one group that were larger than 

those of the second group.  We considered ellipses significantly different if one was larger than the 

other in at least 95% of simulations.  Finally, we also looked at the degree of isotopic niche overlap 

between groups, by using the overlap function in SIAR to calculate the extent to which the ellipse for 

one group overlapped those of all the other groups.  

Foraging behavior and migratory strategy 

We conducted the food choice experiment at 28 nests and recorded the responses of 52 

individuals; at four nests the female was not seen and only male response was recorded.  Using claw δD 

signatures, we assigned a migratory strategy to 37 birds.  Migratory strategy was unknown for the 

remaining 15 birds, either because they were not captured in 2012 or because their claw δD signatures 

did not allow us to confidently assign them a strategy.  However, in three of those 15 cases, birds not 

caught in 2012 had been caught and assigned a migratory strategy in 2011.  All three of those birds were 

male, and although there is some evidence of strategy switching in females, we have no evidence that 

males change migratory strategies (see Chapter 2).  Therefore, for those three males, we used the 

migratory strategy assigned the previous year, resulting in a final sample size of 40 individuals. 
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Because trials were conducted at the nest box when pairs were feeding nestlings, in 24 of 28 

cases, both the male and female responded.  To determine whether responses were correlated between 

members of a pair, we first used Fisher’s exact test to ask whether the female at a box was more likely 

to eat from the table if the male did.  We found that there was no association between male and female 

response (p=0.17).  We then used a Spearman rank correlation to ask whether latency to eat (defined as 

the interval between the start of the trial and when the bird first picked up a food item) was correlated 

between members of a pair.  Again, we found that male and female responses were not correlated 

(S=2797.1, ρ=-0.22, p=0.31).  Based on these results, we decided to treat each individual as an 

independent datum in analyses. 

To determine whether responses to experimentally provided food were related to migratory 

strategy, we used logistic regression to model whether an individual ate novel insects (butterworms) 

and whether an individual ate fruit (Russian olives or pomegranates).  In these models, we included age, 

sex, and migratory strategy as predictors.  Because the results of the diet analysis suggested that the 

relationship between migratory strategy and diet might differ between sexes, we also included the 

interaction between migratory strategy and sex as a predictor.  We started with the full model and 

worked backward, eliminating variables based on likelihood ratio testing to arrive at the minimum 

adequate model. 

We then used linear models to investigate whether an individual’s latency to eat novel insects 

and latency to eat fruit were related to migratory strategy.  We defined latency as the time interval (in 

seconds) between when an individual first landed on the table and when it picked up either the novel 

insect or a piece of fruit.  The distribution of latency values was right skewed, so before running models, 

we log transformed latency.  Because latency values included zeroes, we added 1 before transforming.  

As before, we started with the full model and worked backward to arrive at the minimum adequate 

model.  Model assumptions were always checked on the residuals of the minimum adequate model. 
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Results 

Diet and migratory strategy 

Nitrogen and carbon isotope signatures were variable in both tissues.  The range of δ13C values 

was similar in feathers and claws for both migrant and resident birds.  The range of δ15N values was 

larger in claws than in feathers for migrants, while the reverse was true for residents (Table 3.1).   

The minimum adequate model for claw δ15N included site as a random effect and only migratory 

strategy as a fixed effect: residents had higher claw δ15N signatures than migrants (t=5.914, p<0.001; 

Figure 3.1), but there was no effect of sex or age.  The minimum adequate model for claw δ13C included 

both year and site as random effects, but no fixed effects, although residents tended to have higher δ13C 

signatures than migrants (t=1.74, p=0.09, Figure 3.1). 

The minimum adequate model for feather δ15N included site as a random effect and migratory 

strategy, sex, and the interaction between them as fixed effects.  Feather δ15N signatures did not vary 

with migratory strategy in females, but resident males had significantly higher feather δ15N values than 

migrant males (t=2.63, p=0.01; Figure 3.2).  The minimum adequate model for feather δ13C included 

both year and site as random effects, but no fixed effects (Figure 3.2).  

In claws, we found no significant differences in SEAB between sexes for either migrants or 

residents, but the SEAB of male and female migrants were significantly larger than the SEAB of male and 

female residents (Figure 3.3).  The ellipses of migrant males and females, and those of resident males 

and females, overlapped greatly.  However, there was less overlap between males and females with 

different migratory strategies (Table 3.2).  In feathers, SEAB did not differ significantly between sexes or 

between migrants and residents (Figure 3.4).  The ellipses for migrant males, migrant females, and 

resident females strongly overlapped (~60-96%), while the ellipse of resident males overlapped less 

(~40-50%) with those of the other groups (Table 3.3). 
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Foraging behaviour and migratory strategy 

 Thirty-four (65%) of the 52 birds which responded to the food choice test took at least one type 

of food from the table, and 29 (56%) ate two or more types of food.  All four types of food were eaten 

by at least some individuals, suggesting all were palatable to bluebirds.   

When we consider only the 40 individuals assigned a migratory strategy, the proportions remain 

roughly the same: 27 (68%) ate at least one type of food.  However, only 26 had all four food types 

available to them when they first landed on the table: in one case, the female had eaten all of the 

butterworms by the time the male arrived in the vicinity of the box, so we removed that male from 

analyses, leaving a sample size of 26 birds who ate from the table. 

Twenty-five of the 26 (96%) ate at least one of the novel insects (butterworms).  Because there 

was so little variation in this response, we did not attempt to model it.  However, we found the amount 

of time individuals took to eat novel insects varied with migratory strategy and sex.  Residents took 

longer overall to eat butterworms than migrants (t=3.23, p=0.004), but resident males ate butterworms 

more quickly than migrant males, while the reverse was true for females (t=-2.96, p=0.007; Figure 3.5). 

Although all birds that ate from the table took one or both types of insects before eating fruit, 

16 (62%) of the 26 also took at least one type of fruit.  Five ate pomegranates, seven ate Russian olives, 

and four ate both.  However, the minimum adequate model for whether an individual ate fruit retained 

none of the predictors, and the minimum adequate model for latency to eat fruit retained only age as a 

predictor: SY birds tended to eat fruit more quickly than ASY birds (t=-1.75, p=0.10).  Although the p-

value for age was not significant (p=0.10), the likelihood ratio test indicates the model with age was 

significantly better than the model without age (p=0.04), suggesting that it is an important predictor. 
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Discussion 

 Our study is one of the first to test the trophic polymorphism hypothesis, which postulates that 

asymmetrical effects of seasonal food declines among individuals may lead to variation in migratory 

strategy (Chapman et al. 2011a).  We found differences in diet between migrant and resident western 

bluebirds during the non-breeding season (in allopatry) and during the breeding season (in sympatry), 

providing support for this hypothesis.  Furthermore, the results of our food choice experiment suggest 

that foraging behaviour also differs between migrants and residents, which could contribute to 

differences in diet.  

Feather δ13C and δ15N signatures varied considerably among individuals (Table 3.1).  The range 

of δ15N was almost 5‰ in migrant feathers, and greater than 4‰ in resident feathers, suggesting diet 

differences of more than a trophic level between some individuals.  The range of δ13C was 

correspondingly large.  However, similarly large ranges have been reported in another passerine, the 

lesser goldfinch (Spinus psaltria; Frincke-Craig et al. 2015).  The variation in bluebird feather isotopes 

suggests that birds occupy a wide dietary niche during late summer and early fall – which likely reflects 

both the broad range of arthropod species they consume (Jedlicka et al. 2017) and that individuals may 

also consume fruit during this period. 

The range of claw δ15N values was larger than that of feathers for migrants, but smaller than 

that of feathers for residents (Table 3.1).  The decreased δ15N range observed in residents during the 

non-breeding season is again similar to the pattern observed in lesser goldfinch (Frincke-Craig et al. 

2015), and is likely the result of a restricted diet due to decreased food availability during the non-

breeding season.  The large δ15N range observed in migrant claws was unexpected; however, this 

pattern could arise if migrant claw isotope signatures reflect not only diet variation, but also geographic 

differences in the isotopic signature of foodwebs.  Several studies have demonstrated that δ15N values 

may vary among habitat types, even over relatively small distances (Alexander et al. 1996, Hobson 1999, 
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Robertson et al. 2014).  Although we currently do not know where migrant bluebirds from BC winter, if 

they disperse to a variety of locations and claw isotopes are affected by differences in both diet and 

location, it would explain the wide δ15N range in migrants.  

In claw tissue, the mean δ15N signature of residents was significantly higher than the mean δ15N 

signature of migrants (Figure 3.1); residents also tended to have higher δ15C signatures than migrants, 

although this difference was not significant.  These results suggest residents consume more high trophic 

level prey during the non-breeding season than migrants.  However, patterns in claw δ15N may be more 

reflective of differences in location than differences in diet.  Agricultural habitats are often associated 

with enriched nitrogen isotope values (Hobson 1999), and fertilizer application may result in variation in 

nitrogen isotopes across habitat types (Alexander et al. 1996, Robertson et al. 2014).  The Okanagan 

Valley is predominantly agricultural, containing both orchards and vineyards; thus, it is possible a 

number of factors unique to agricultural systems, including fertilizer application, are responsible for the 

enriched δ15N signatures observed in resident bluebird claws.  Regardless of the underlying cause of 

variation in δ15N, because migrants and residents forage in different places in the winter, our data do 

not allow us to disentangle variation due to location from that due diet.  Future studies could address 

this problem using a recently developed technique to assess isotope signatures in amino acids, rather 

than in bulk tissue.  The isotopic signatures of some essential amino acids reflect the baseline signature 

of an individual’s location rather than its diet (Seminoff et al. 2012, Polito et al. 2017).  Using this 

information, it would be possible to account for isotopic variation due to location in the bulk tissue 

isotope signatures and focus solely on variation due to diet differences.  

Male and female migrants also had a wider isotopic niche (that is, a larger SEAB) than male and 

female residents during the non-breeding season (Figure 3.3), likely because migrant claw tissue reflects 

a wider variety of locations than resident claw tissue.  We also observed greater overlap between the 

ellipses of males and females employing the same migratory strategy than between those of individuals 
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with different migratory strategies (Figure 3.3, Table 3.2).  This pattern in overlap suggests that 

bluebirds of both sexes use similar habitat and food resources in the Okanagan and on southern 

wintering grounds, which is to be expected, given that members of a pair likely winter together (see 

Chapter 2). 

In feathers, isotope signatures provide more compelling evidence of dietary variation between 

individuals with alternative migratory strategies, as they suggest that diet differed between migrants 

and residents at the end of the breeding season, when they forage in sympatry.  Nitrogen isotope 

signatures in feathers were higher in male residents than male migrants, but did not differ with 

migratory strategy for females (Figure 3.2).  Although the mean difference in δ15N values between 

migrant and resident males was only 1‰, it was statistically significant.  Differences in diet may be 

masked in omnivores (Ogonowski et al. 2013); as studies of bluebird diet have found a wide range of 

prey in stomach contents or fecal material (Herlugson 1982, Guinan et al. 2008, Jedlicka et al. 2017), a 

small difference in isotope values may represent a relatively large difference in diet.   

Contrary to our predictions, isotopic niche width (SEAB) did not differ between groups in late 

summer and early fall (Figure 3.4), indicating that migrants and residents of both sexes had equally 

diverse diets in sympatry.  Thus, we found no evidence that migrants were forced to migrate because 

they were unable to meet their energetic needs.  However, the degree of overlap in SEAB did vary 

between groups.  Ellipses for migrant females, migrant males, and resident females overlapped almost 

completely, but the ellipse for resident males overlapped only partially with the other three (Figure 3.4, 

Table 3.3), again suggesting the diet of resident males differed from that of other bluebirds towards the 

end of the breeding season.  These findings provide support for trophic polymorphism as a possible 

mechanism shaping migratory strategies in this system, as they indicate migrant and resident males eat 

different things even in sympatry – similar to the pattern observed by Aparicio (2000) in migrant and 

resident Eurasian kestrels.   
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 Alternatively, our results could reflect differences in moult between migrant and resident males.  

If this is the case, differences in feather isotope signatures would reflect temporal changes in diet, rather 

than differences among groups.  Timing and duration of moult appear to vary between migrant and 

resident populations or subspecies in other partially migratory birds.  For example, in captive Australian 

silvereyes (Zosterops lateralis), birds from the migrant subspecies initiated moult earlier and moulted for 

a shorter period than those from the resident subspecies (Munro et al. 2006).  Similarly, in European 

blackcaps (Sylvia atricapilla), migrant birds grew feathers faster than resident birds, suggesting a shorter 

moult duration (De la Hera et al. 2009).  However, if timing of moult differs with migratory strategy in 

western bluebirds, it is likely that migrants would moult feathers earlier than residents, as overlap 

between moult and migration is energetically costly (Berthold 2001, Newton 2011).  If insect abundance 

– and hence the portion of the bluebird diet composed of insects – declines towards the end of the 

breeding season, we would expect earlier-moulted migrant feathers to have higher δ15N signatures than 

later-moulted resident feathers.  However, we observed the opposite pattern.  Furthermore, it is 

unclear why moult patterns would vary with migratory strategy for male bluebirds but not for females.  

Thus, diet differences are a more likely explanation than moult differences for isotopic variation 

between migrant and resident male bluebirds.  

Although our results are consistent with predictions of the trophic polymorphism hypothesis, we 

cannot determine whether diet differences drive variation in migratory strategy or vice versa in this 

system.  The isotopic differences we observed may have arisen as a consequence of physiological 

preparation for migration, which is often associated with changes in diet composition (McLandress and 

Raveling 1981, Moore and Simm 1985, Bairlein and Gwinner 1994, Berthold 2001, Long and Stouffer 

2003).  Many species of migratory insectivores consume large quantities of fruit before and during fall 

migration (Bairlein and Gwinner 1994, Parrish 1997, Berthold 2001), likely because fruit has a high 

energy content and is easily accessible in clumped distributions, thus minimizing foraging cost (Parrish 
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2000, Berthold 2001).  Increased frugivory could explain why migrants had lower δ15N signatures than 

residents, a pattern which suggests that they consumed greater amounts of low trophic level food.   

However, if diet differences arise as a consequence of preparation for migration, then we would 

expect diet to differ with migratory strategy for both males and females.  In fact, we only observed an 

association between migratory strategy and feather δ15N in males; females of both strategies had 

feather δ15N signatures similar to those of male migrants (Figure 3.2).  This pattern suggests that if diet 

differences are a cause of variation in migratory strategy in this system, different factors may be driving 

migratory decisions in each sex.  Previous work indicated that sociality may play a role in determining 

migratory behaviour in western bluebirds, and anecdotal evidence suggests that females have more 

flexible migratory strategies than males (see Chapter 2); thus, while male migratory strategy may 

depend on diet, female strategies may be determined by social factors, such as their mates’ strategy. 

If variation in diet is a cause, not a consequence, of variation in migratory behaviour, then we 

need to understand what drives differences in diet among individuals.  Aparicio (2000) postulated that 

diet differences between migrant and resident kestrels were likely due to variation in prey availability 

among territories.  While a similar mechanism could be operating in western bluebirds, this is a 

possibility we currently lack the data to address.  However, given evidence of strong assortative mating 

by migratory strategy in western bluebirds (see Chapter 2), it is unclear why male and female residents 

would have access to different prey items, particularly as a recent study detected no difference in male 

and female diet during the breeding season (Jedlicka et al. 2017).   

An alternative explanation for diet variation between individuals with different migratory 

strategies is that foraging behaviour differs between migrants and residents – as was suggested by the 

results of our food choice experiment.  In this experiment, although virtually all of those individuals that 

participated ate the novel insects, their latency to do so depended on both migratory strategy and sex.  

As we predicted, migrants were less hesitant to eat novel insects than residents – but in females only.  In 
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males, the pattern was opposite to our predictions: migrant males were more hesitant to eat novel 

insects than resident males.  The sex-based differences in latency are not easily explained, but may be 

related to physiological differences between sex and strategy classes, such as hormone levels or body 

condition.  Alternatively, latency differences may be related to variation in energetic demand between 

sex and strategy classes.  For example, breeding females preparing for fall migration may have higher 

energetic needs than resident females or males of both strategies, which might increase their 

willingness to accept novel insects as food. 

In contrast, latency to eat fruit was not related to migratory strategy or sex, but was related to 

age.  SY birds had significantly shorter latencies than ASY birds, which could be a result of differences in 

experience.  Reproductive success commonly increases with age in birds (Bradley and Safran 2014), 

which is often attributed to increasing breeding competence due to experience (Balbontín et al. 2007).  

In addition, the difference between young and older individuals may be more pronounced when food 

availability is limited (Bunce et al. 2005), suggesting that reproductive effort may be more constrained 

by food availability in young individuals than in older individuals.  Although a previous study of western 

bluebirds determined that parents of nestlings older than nine days are not food-limited or working 

maximally (Mock 1991), younger birds with less breeding experience may work harder to keep up with 

nestling demands, and thus be less hesitant to take advantage of all the provided food. 

Although we predicted that residents would be more willing to consume fruit than migrants, we 

found no evidence of a relationship between migratory strategy and fruit consumption.  Our prediction 

was based on the hypothesis that resident birds cope with seasonal variation in food availability by 

switching food types – for example, from insects to fruit – and thus might be more flexible about 

including fruit in their diet (Boyle et al. 2011).  However, given that many species of migratory birds 

prepare for migration by switching to a largely frugivorous diet (Bairlein and Gwinner 1994, Parrish 
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1997, Berthold 2001), willingness to switch food types may be equally important for both migrants and 

residents. 

This study is one of only a few to investigate the role of food availability in partial migration, and 

one of the first to test the trophic polymorphism hypothesis.  While our results suggest that individual 

differences in diet may be important in shaping migratory strategies, further work must be done to 

understand the ecological and behavioural mechanisms that lead to variation in diet among individuals 

and to determine if this variation is a cause or a consequence of variation in migratory behaviour in 

western bluebirds. 
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Table 3.1 Distribution of carbon and nitrogen isotope signatures in 135 claw samples and 77 feather 

samples collected from western bluebirds breeding in the Okanagan Valley from 2011 to 2013. 

   δ15N δ13C 
  n mean (‰) range (‰) mean (‰) range (‰) 

Migrants Claws 
 

77 5.50 6.2 -22.92 6.0 

 Feathers 
 

52 6.70 4.9 -21.53 4.4 

Residents Claws 
 

58 6.60 2.9 -22.15 5.2 

 Feathers 
 

25 7.27 4.3 -21.64 5.0 
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Table 3.2 Percent overlap between standard ellipse area (SEAC) of claw isotopic signatures of migrant 

female (n=26), migrant male (n=51), resident female (n=17) and resident male (n=41) western bluebirds.  

For example, the ellipse for migrant females had an area of 5.83, and 71% of that ellipse overlapped 

with the ellipse of migrant males.  The ellipse for migrant males had an area of 5.13, and 81% of that 

ellipse overlapped with the ellipse of migrant females.  

  % Overlap with: 

 SEAC Migrant 
Females 

Migrant  
Males 

Resident 
Females 

Resident 
Males 

Migrant 
Females 
 

5.83 -- 71% 14% 14% 

Migrant  
Males 
 

5.13 81% -- 11% 16% 

Resident 
Females 
 

2.24 35% 25% -- 68% 

Resident 
Males 
 

2.02 41% 41% 75% -- 
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Table 3.3 Percent overlap between standard ellipse area (SEAC) of feather isotopic signatures of migrant 

female (n=24), migrant male (n=28), resident female (n=8) and resident male (n=17) western bluebirds.  

For example, the ellipse for migrant females had an area of 3.11, and 82% of that ellipse overlapped 

with the ellipse of migrant males.  The ellipse for migrant males had an area of 3.58, and 71% of that 

ellipse overlapped with the ellipse of migrant females. 

  % Overlap with: 

 SEAC Migrant 
Females 

Migrant  
Males 

Resident 
Females 

Resident 
Males 

Migrant 
Females 
 

3.11 -- 82% 96% 53% 

Migrant  
Males 
 

3.58 71% -- 94% 53% 

Resident 
Females 
 

5.10 59% 66% -- 39% 

Resident 
Males 
 

3.78 43% 50% 52% -- 
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Figure 3.1 Mean claw carbon and nitrogen isotope signatures for migrant female (n=26), migrant male 

(n=51), resident female (n=17), and resident male (n=41) western bluebirds breeding in the Okanagan 

Valley.  Error bars are standard error of the mean. 
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Figure 3.2 Mean feather carbon and nitrogen isotope signatures for migrant female (n=24), resident 

female (n=8), migrant male (n=28), and resident male (blue circle; n=17) western bluebirds breeding in 

the Okanagan Valley.  Error bars are standard error of the mean. 
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Figure 3.3 a) Stable isotope biplot showing claw isotopic signatures of 135 western bluebirds.  Lines enclose the standard ellipse area, corrected 

for small sample size (SEAC) for each sex and migratory strategy.  Dashed lines represent migrants (males in blue and females in red), and solid 

lines represent residents (males in blue and females in red). b) Credible intervals for the estimated posterior distribution of ellipse areas (SEAB) 

for migrant females (MF), migrant males (MM), resident females (RF), and resident males (RM). Dark gray boxes indicate 50% credible intervals, 

medium gray boxes indicate 75% credible intervals, and light gray boxes indicate 95% credible intervals. 
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Figure 3.4 a) Stable isotope biplot showing feather isotopic signatures of 77 western bluebirds.  Lines enclose the standard ellipse area, 

corrected for small sample size (SEAC) for each sex and migratory strategy.  Dashed lines represent migrants (males in blue and females in red), 

and solid lines represent residents (males in blue and females in red). b) Credible intervals for the estimated posterior distribution of ellipse 

areas (SEAB) for migrant females (MF), migrant males (MM), resident females (RF), and resident males (RM). Dark gray boxes indicate 50% 

credible intervals, medium gray boxes indicate 75% credible intervals, and light gray boxes indicate 95% credible intervals.
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Figure 3.5 Latency to eat unfamiliar insects for female migrants (n=5), female residents (n=5), male 

migrants (n=9), and male residents (n=6).  Midlines indicate median values, the whiskers extend to 1.5x 

the interquartile range, and open circles represent outliers. Transformed latency values (log (latency + 1) 

are plotted. 
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Chapter 4 

 

Homebodies and explorers: personality is related to migratory strategy in a 

partially migratory passerine 
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Abstract 

Animal personality is defined as individual consistency in behavioural responses to stimuli across 

a variety of contexts.  Multiple studies have detected personality differences both between closely 

related migratory and resident bird species, and between migratory and resident individuals within 

partially migratory populations, although the patterns detected often differ between inter- and 

intraspecific comparisons.  In this study, we asked whether migratory strategy was related to boldness 

and aggression in a partially migratory population of western bluebirds (Sialia mexicana) breeding in 

British Columbia (BC), Canada, and a fully resident population breeding in Carmel Valley, California.  We 

used stable hydrogen isotopes in claw tissue to determine migratory strategy of BC bluebirds, and 

measured aggression and boldness at bluebird nest boxes during the breeding season in both BC and 

California.  To measure boldness, we quantified response to a novel object attached beside the box 

entrance, and to measure aggression, we presented a decoy with song playback to simulate a territorial 

intrusion by a nest box competitor (a house wren; Troglodytes aedon) or a non-competing species 

(American goldfinch; Spinus tristus).  BC residents were significantly bolder in response to the novel 

object than BC migrants, and were significantly more aggressive towards the house wren than California 

residents.  There was no difference among groups in response to the goldfinch.  At the individual level, 

we did not find a correlation between boldness and aggressive response to the house wren, but bolder 

birds were more aggressive towards the goldfinch.  Our results add to the growing body of evidence that 

boldness is related to intraspecific variation in migratory strategy, but suggest that variation in 

aggression may be due to other factors, such as latitudinal variation in breeding conditions.  In addition, 

they indicate that response to the house wren and response to the goldfinch may represent different 

types of aggression, which reinforces the need for researchers to understand exactly what traits 

personality tests are measuring. 
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Introduction 

 Of the nearly 10,000 extant bird species, roughly 20% undergo seasonal migration (Somveille et 

al. 2015).  Avian migration has evolved as an adaptation to predictable but seasonal environments 

(Mettke-Hofmann 2017), as it allows birds to take advantage of abundant resources during the breeding 

season but avoid harsh climatic conditions and low resource availability during the non-breeding season 

(Carnicer and Díaz-Delgado 2008, Somveille et al. 2015). 

 For migration to evolve, the benefits of moving must outweigh the risks and energetic demands 

of the journey.  As a group, migratory birds exhibit a suite of morphological and physiological 

adaptations that reduce the costs of migration.  For example, migratory species often have 

morphological adaptations for improved aerodynamic efficiency (Winkler and Leisler 1992, Calmaestra 

and Moreno 2000, 2001, Leisler and Winkler 2003, Vágási et al. 2016), and physiological adaptations to 

minimize the cost of long-distance flight and increase endurance (Weber 2009). 

 A number of studies comparing migrant and resident bird species have provided evidence that 

personality traits also differ with migratory strategy (Mettke-Hofmann and Gwinner 2004, Mettke-

Hofmann et al. 2005, 2009, Marasco et al. 2011, Mettke-Hofmann et al. 2013), suggesting that these 

traits may also be migratory adaptations.  Animal personality or temperament has been defined as 

individual consistency in behavioural responses to stimuli across different contexts (Sih et al. 2004, 

Carere and Eens 2005).  Studies investigating the link between personality and migration have 

demonstrated that migrants are more afraid of novel objects (Mettke-Hofmann et al. 2005, 2013) but 

less afraid of novel spaces (Mettke-Hofmann et al. 2009) than residents.  Migrants are also slower to 

begin exploration (Mettke-Hofmann et al. 2005), but explore faster once they have begun (Mettke-

Hofmann and Gwinner 2004), and are more aggressive than residents (Marasco et al. 2011).  Taken 

together, these studies suggest that migrants invest less in exploring their surroundings and are more 



115 
 

reluctant to approach novel stimuli than residents, resulting in a lack of flexibility that may make 

migratory populations particularly vulnerable to global environmental change (Mettke-Hofmann 2017). 

 While migration is common among birds, it is likely that many populations considered migratory 

are only partially migratory: that is, only some individuals in the population migrate, while others remain 

resident in the same location year-round (Chapman et al. 2011a).  Partial migration is found worldwide 

(Chapman et al. 2011a, Jahn et al. 2012), and is thought to be an adaptation to seasonal environments 

that experience moderate winters, where winter survival varies considerably across years (Mettke-

Hofmann 2017).  Migration in partially migratory populations is often facultative rather than obligate, at 

least for some individuals (e.g., Fudickar et al. 2013), and in many cases individuals may switch strategies 

from year to year (Chapman et al. 2011a).  Thus, it has been suggested that both migrant and resident 

individuals in partially migratory populations are more flexible and more responsive to environmental 

cues than individuals of migratory species (Mettke-Hofmann 2017).  This difference might explain why 

populations of partially migratory birds tend to be stable or increasing, while populations of migratory 

birds are often declining (Gilroy et al. 2016, Mettke-Hofmann 2017). 

 To date, remarkably few studies have investigated variation in personality within partially 

migratory populations.  The results of these few studies suggest that personality traits may differ 

between migrant and resident individuals, even in the same population.  In the only study of personality 

in partially migratory birds, Nilsson et al. (2010) demonstrated that migrant blue tits (Cyanistes 

caeruleus) approached novel objects faster than residents.  In fish, Chapman et al. (2011b) found that 

migrant roach (Rutilus rutilus) were bolder (that is, emerged faster from a refuge into a novel 

environment) than residents.  In contrast, Found and St. Clair (2016) determined that shy elk (Cervus 

canadensis) were significantly more likely to migrate than their bold counterparts. Finally, Odermatt et 

al. (2017) established that resident females were more active than migratory females in a partially 

migratory species of European hoverfly (Episyrphus balteatus). 
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Notably, the results of these studies conflict not only with the patterns observed in interspecific 

comparisons, but also with each other.  Drawing general inferences about the flexibility of migrants 

versus residents in partially migratory populations is thus problematic.  Furthermore, due to the 

difficulty of distinguishing between sympatrically breeding migrants and residents of the same species, 

some of these studies (e.g., Nilsson et al. 2010, Odermatt et al. 2017) rely on comparisons between 

resident animals captured during the non-breeding season and migratory animals captured while 

actively migrating in the fall.  While this approach facilitates a clear distinction between individuals with 

different migratory strategies, it also introduces a number of potential confounds, as it is unlikely that 

resident and migrant individuals originated from the same population. 

In this study, we asked whether two personality traits – boldness and aggression – differ 

between migrants and residents in a partially migratory population of western bluebirds (Sialia 

mexicana) breeding in the Okanagan Valley of southern British Columbia (BC), Canada.  Western 

bluebirds are small, cavity nesting thrushes that breed throughout western North America from central 

Mexico to southern BC (Guinan et al. 2008).  Most populations in the northern part of the range are fully 

migratory; however, in the Okanagan Valley, western bluebirds are partial migrants (Campbell et al. 

1997a, Willis 2013, see Chapter 2).  Christmas Bird Count records suggest that winter residency may be a 

relatively recent development in this population, as the first records of overwintering birds date from 

the late 1970s, and numbers of residents appear to have increased steadily over the past few decades 

(National Audubon Society 2010, Willis 2013, see Chapter 2).  This pattern suggests that resident 

bluebirds may be more flexible and responsive to changing environmental cues than migrants; thus, we 

predicted that migrants would be shyer and more aggressive than residents, as has been observed in 

comparisons between migrant and resident species.     

We also wanted to know whether BC residents were similar in personality to individuals from 

other, fully resident populations – that is, whether there is a common ‘resident personality’ in bluebirds.  
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Thus we compared migrants and residents from BC with birds breeding in Carmel Valley, California, 

where western bluebirds are year-round residents (Dickinson et al. 2016).  This approach allowed us to 

distinguish between variation due to migratory strategy and that due to differences among populations.  

Previous studies comparing animal personality across populations of resident species have noted that 

survival in harsh environments may select for particular personality traits that contribute to increased 

foraging success.  For example, in a common garden experiment, Roth et al. (2010) found that black-

capped chickadees (Poecile atricapillus) from a high latitude population were less neophobic than their 

counterparts from a lower latitude population. Similar studies comparing mountain chickadees (P. 

gambeli) from high and low altitude populations found that those from high altitude populations were 

slower explorers (Kozlovsky et al. 2014) and were less aggressive (Branch et al. 2015).   

Perhaps unsurprisingly, the personality traits noted in birds coping with harsh environments are 

very similar to those found in resident species (which often experience harsh conditions during the non-

breeding season), making it difficult to determine whether personality traits are related to migratory 

strategy or environmental conditions.  However, by comparing residents from BC (which experience the 

shorter days, lower temperatures and increased snow layer of northern latitudes), with residents 

experiencing the relatively benign winter conditions of central California, we can begin to disentangle 

this.  If migratory strategy is more important than environment in determining personality traits, we 

predicted that residents from BC and California would have similar personality traits.  If, however, 

adaptation to harsh environments plays a role in shaping personality, we predicted that residents from 

BC would be bolder and less aggressive than residents from California. 

Finally, we asked whether boldness and aggression were correlated in western bluebirds.  When 

behavioural traits and the relationship between them are consistent across time and contexts, the traits 

form a ‘behavioural syndrome’ (Sih et al. 2004, Bell 2005).  Boldness and aggression are a common 

behavioural syndrome: in a number of species, bolder individuals are also more aggressive (e.g., 
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Verbeek et al. 1996, Bell 2005, Evans et al. 2010, Scales et al. 2011, Barnett et al. 2012, Myers and 

Hyman 2016).  However, several studies suggest the presence and form of behavioural syndromes may 

vary between species or populations (e.g. Bell 2005, Mettke-Hofmann et al. 2005, Evans et al. 2010, 

Scales et al. 2011).  Thus, we sought to determine whether a relationship between boldness and 

aggression existed in western bluebirds. 

 

General Methods 

Subjects 

Fieldwork for this study took place in the Okanagan Valley of British Columbia (BC), Canada (49o 

33’ N, 119o 39’ W to 49o 5’ N, 119o 36’ W) from 2011 to 2013, and at Hastings Natural History 

Reservation, California, USA (36o 23’ N, 121o 33’ W) in the summer (May – July) of 2012.   

Western bluebirds are common in the BC interior, where they breed from April to August each 

year (Campbell et al. 1997a).  While many of these breeding birds migrate south for the winter, leaving 

in October or November, some remain in the Okanagan Valley during the winter months (Campbell et al. 

1997a, Willis 2013, see Chapter 2).  Previous work suggests that migratory strategy is not determined by 

sex or size in this population, but that social factors and diet may be important (see Chapters 2, 3).   

We used passive mist-netting to capture birds at three sites in the Okanagan during the winter 

(Feb – Mar), and active mist-netting (using a conspecific decoy and playback to simulate a conspecific 

territorial invasion) to capture birds at ten breeding sites once they began to defend nest boxes in late 

March and early April.  Later in the breeding season, we also used box traps to catch females incubating 

eggs, and both males and females feeding nestlings.   

We banded captured birds with a USFWS numbered metal leg band and a unique combination 

of 3 colour bands, sexed them by assessing plumage, and aged them as second year (SY) or after second 
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year (ASY) using moult limits in the secondary coverts (Shizuka and Dickinson 2005).  Finally, we clipped 

a 1-2mm segment of the rear claw (C1) on each foot for stable isotope analysis before releasing birds.  

We followed banded birds throughout the breeding season, checking nest boxes approximately every 

three days, and recorded the timing and outcome of all nesting attempts.    

 In California, we worked with a long-term study population of resident western bluebirds at 

Hastings Natural History Reservation, located in Carmel Valley.  Adult and nestling bluebirds at Hastings 

have been routinely banded (with both a numbered metal leg band and a combination of 3 colour 

bands) since nest boxes were established at the site in 1983 (Dickinson et al. 1996, 2016).  As in BC, birds 

were sexed by assessing plumage, aged using moult limits, and followed throughout the breeding 

season to determine the timing and outcome of nesting attempts.  

Assigning migratory strategy 

To determine whether western bluebirds from the Okanagan population were migrants or 

residents, we used hydrogen stable isotope analysis of claw tissue.  The ratio of heavy to light hydrogen 

in precipitation (δDp), varies with latitude in North America (Sheppard et al. 1969, Chamberlain et al. 

1997, Hobson and Wassenaar 1997, Bowen et al. 2005); this ratio is incorporated into growing animal 

tissues (Estep and Dabrowski 1980), providing a record of the locations at which tissues are grown.  

Because migrants and residents winter at different latitudes, the isotope ratio of claws (i.e., tissue 

grown during the winter) differs between birds with different migratory strategies.  We used the claw 

δD signatures of known migrant and resident bluebirds to establish an expected distribution of δD 

signatures for each strategy, and then assigned birds to either the migrant or resident strategy using 

likelihood assignment tests (Royle and Rubenstein 2004), incorporating analytical error (Wunder and 

Norris 2008).  Isotope analyses were conducted at the Queen’s Facility for Isotope Research (QFIR); full 

details of analyses are available in Chapter 2. 
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Behavioural experiments 

We investigated two behavioural traits: response to a novel object (neophobia) and response to 

a simulated heterospecific territorial intrusion (aggression).  We chose to test neophobia because it is 

often used as a measure of boldness (Carter et al. 2013), and has been shown to vary with migratory 

strategy in both between- and within-species comparisons (Mettke-Hofmann et al. 2005, Nilsson et al. 

2010, Mettke-Hofmann et al. 2013).  We chose to test aggression because it is often correlated with 

boldness (Verbeek et al. 1996, Bell 2005, Evans et al. 2010, Scales et al. 2011, Myers and Hyman 2016).  

It has also been shown to differ between migratory and resident populations of European stonechats 

(Saxicola torquata rubicola; Marasco et al. 2011); however, to our knowledge the relationship between 

migratory strategy and aggression has not been examined in partially migratory populations.     

Although we did not test for repeatability of boldness and aggression in this study, both are 

typically recognized as ‘personality traits’ in animals, and aggression has been found to be repeatable 

both within breeding seasons and across years in bluebirds (eastern bluebirds (S. sialis): Burtka and 

Grindstaff 2013; western bluebirds: Duckworth 2006b, Duckworth and Badyaev 2007).  In contrast, 

boldness was not repeatable across years in western bluebirds, possibly due to habituation (Kellogg 

2008).  However, testing the repeatability of boldness by assessing neophobia is challenging because 

different objects must be used each time to ensure that stimuli are novel, but differences among objects 

may contribute to variation in neophobic response.  Regardless, boldness has been demonstrated to be 

repeatable in other bird species (e.g. Sardinian warblers (Sylvia melanocephala), Mettke-Hofmann et al. 

2005).   

Data analysis 

All analyses were conducted in R (version 3.4.0, R Core Team 2017). For all analyses, we set a 

significance threshold of α=0.05. 
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Experiment 1: Boldness 

Methods 

To assess boldness, we used a repeated measures design and presented focal pairs with two 

objects in succession at the nest box: a familiar, but out of place, object (a ponderosa pine (Pinus 

ponderosa) sprig in British Columbia and an oak (Quercus spp.) leaf in California), and a completely novel 

object (a paper bow patterned with black and white stop signs).  The familiar object was used to 

determine whether birds were responding to the novel placement of the object or the novelty of the 

object itself.  The pine sprigs and oak leaves used in the trials were replaced regularly with fresh 

specimens.  For the novel object, we alternated between two versions of the bow to avoid 

pseudoreplication: on one version, STOP was written in the centre of the stop signs, while on the other, 

the letters were rearranged to say PSOT.  To control for possible order effects, the order of object 

presentation for the first trial in BC and California each year was determined randomly by a coin flip.  For 

subsequent trials, observers alternated the order of object presentation. 

Procedure   

 Boldness trials took place in California from late May to early July of 2012, and in BC from late 

May to mid-July of 2012, and in late May of 2013.  Trials were conducted at nest boxes between days 9 

and 13 of the nestling period (hatch = day 0), when parents were feeding nestlings.  In western 

bluebirds, both males and females provision the young with approximately equal frequency (Leonard et 

al. 1994); thus, our experimental design meant we tested response to novelty in both males and females 

simultaneously.  Observers in BC trials were blind to the migratory status of the focal birds during the 

experiment. 

 An observer began a trial by setting up approximately 20 m from the focal pair’s nest box.  Once 

settled, the observer used a stopwatch and a voice recorder to record four response variables: how long 

it took for the male and the female to come within 20 m, 5 m, and 0.5 m of the box, and how long it 
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took them to enter the box.  Because some of the pairs were able to feed nestlings from outside the box 

at the time the trial was conducted, we defined a bird as having entered if its head and shoulders were 

inside the box, even if the rest of its body remained outside.  If neither parent entered the box within 30 

minutes of beginning the trial, it was terminated.  However, if one or both parents entered the box, it 

continued.  

Once both parents had entered the box, or after 30 minutes (whichever occurred first), the 

observer returned to the box and mounted the first object approximately 2.5 cm to the right of the 

entrance, using a clear pin.  After mounting the first object, the observer returned to 20 m away and 

recorded the four response variables listed above.  When both parents had entered the box to feed, or 

after 30 minutes even if neither bird entered the box, the observer again approached the box, removed 

the first object, and mounted the second.  After mounting the second object, the observer returned to 

20 m away and again recorded the four response variables.  The experiment concluded when both 

parents had entered the box, or after 30 minutes, whichever came first. 

Data analysis 

 To investigate boldness, we compared birds’ latency to enter the box when no object was 

present (control), when the familiar object was present (leaf), and when the novel object was present 

(bow).  To account for differences in foraging and feeding behaviour, we defined latency to enter as the 

interval (in seconds) between when a bird first approached within 0.5m of the box and when it entered.  

We included only individuals that approached to within 0.5m of the box during all three sessions 

(control, leaf, and bow) in analyses.  If birds came within 0.5m of the box but never entered, we 

assigned them a maximum latency of 1800 seconds (the length of the session). 

Although at some boxes only one member of the pair responded to the experiment, at most 

nests (45 of 63), we collected latency data for both the male and female.  Therefore, prior to analysis, 

we used Spearman rank-order correlation tests to determine whether the response of the male and 
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female at a box were correlated.  Although there was no correlation between male and female latency 

in the leaf (S=15699, ρ=-0.03, p=0.82) or control (S=13427, ρ=0.45, p=0.11) treatments, we did find a 

non-significant tendency for female latency to increase as male latency increased in the bow treatment 

(S=11247, ρ=0.26, p=0.09). 

To determine whether an individual’s latency to enter was related to treatment (control, leaf, or 

bow), sex, age, or migratory strategy, we fitted linear mixed models using the package lme4 (Bates et al. 

2015) in R.  We first transformed our response variable, latency to enter, using a log transformation to 

meet model assumptions.  Because there were zeroes in our dataset, we added 1 to the latency value 

before logging.  We then used our transformed latency variable as the response, and treatment, 

migratory strategy, sex, and age as fixed effects in the model.  We also included the two-way 

interactions between treatment and the three other predictors as fixed effects, and individual ID as a 

random effect, as we had three responses from each individual.  We started with the full model, then 

evaluated and eliminated fixed effects based on likelihood ratio testing to arrive at the minimum 

adequate model.  Model assumptions were checked on the residuals of the minimum adequate model, 

and post hoc pairwise comparisons were conducted using the package lsmeans in R (Lenth 2016).  

Reported p values were adjusted for multiple comparisons using the Tukey method.  

Results 

We completed boldness trials at 63 nests: 35 in BC (32 in 2012, three in 2013) and 28 nests in 

California (all in 2012).  At all California nests and all but one BC nest, both the male and the female 

came within a 20m radius of the nest box during at least one treatment (control, leaf, or bow), so we 

recorded behavioural responses from 125 individuals.  However, 23 birds failed to approach within 0.5m 

of the nest box during one or more of the three treatments and so were removed from the dataset for 

analyses, leaving a final sample size of 102 individuals at 57 nests.  Of those 102 individuals, there were 
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five that did not enter the box during one or more treatments, and thus were assigned the maximum 

latency value of 1800s. 

When modelling latency, we could only include individuals for which we had migratory strategy 

information, as linear mixed models do not accommodate missing data.  We were able to assign 

migratory strategy to 77 of the individuals that approached within 0.5m of the box during all three 

treatments.  Thirty-nine birds were residents from the California population.  Thirty-eight birds were 

from BC, and of those, 21 were classified as migrants, and 17 were classified as residents. 

The interaction between treatment and migratory strategy was a significant predictor of latency 

(X2=9.52, p=0.05), but none of the other fixed effects were significant.  Thus, the minimum adequate 

model for latency included individual ID as a random effect, and treatment, migratory strategy, and the 

interaction between them (Table 4.1) as fixed effects.  Post hoc pairwise tests identified only two 

significant comparisons, both of which included the response of the BC migrants to the bow treatment 

(Table 4.2).  There was no significant difference between the control and leaf treatments for any of the 

three bluebird groups, but latency increased from the control treatment to the bow treatment in all 

three (Figure 4.1).  However, this increase was only significant in the BC migrants (Table 4.2).  Latency to 

enter increased approximately 25% between the control and bow treatments for California residents, 

and approximately 50% for BC residents, but more than 150% for BC migrants.    

 

Experiment 2: Aggression 

Methods 

Western bluebirds of both sexes defend nest boxes against conspecific and heterospecific 

competitors (Duckworth 2006a, b, Guinan et al. 2008), so to measure aggressive behaviour, we used 

decoys and song playback to simulate a territorial intrusion by a house wren (Troglodytes aedon).  
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House wrens are common both in south-central BC (Campbell et al. 1997b), and in California (Johnson 

2014), and, like bluebirds, are secondary cavity nesters which will readily nest in artificial nest boxes 

(Johnson 2014).  They compete with other cavity nesters for boxes, frequently evicting heterospecific 

competitors and building over existing nests (Pribil and Picman 1991, Guinan et al. 2008, CAD pers. 

obs.).  House wrens are also known to destroy the eggs of both conspecifics and heterospecifics (Belles-

Isles and Picman 1986, Quinn and Holroyd 1989, Pribil and Picman 1991), and were found to be a major 

cause of nest failure in eastern bluebirds breeding in Wisconsin (Radunzel et al. 1997).  Thus, we 

concluded that the house wren decoys we presented to bluebirds represented a recognizable threat. 

While carrying out this experiment, we also observed that bluebirds were highly sensitive to 

virtually all disturbances at their nest box, regardless of the level of threat the disturbance represented.  

Thus, we extended our experiment to investigate how bluebirds responded to a ‘control’ stimulus: a 

species found throughout our study sites but one which does not compete with bluebirds (Duckworth 

2006b).  To do this, we simulated a territorial intrusion at a nest box by an American goldfinch (Spinus 

tristus).  Like house wrens, goldfinches are common in both south-central BC and California (Campbell et 

al. 2001, McGraw and Middleton 2009).  However, unlike house wrens, goldfinches are open cup nesters 

and granivores (McGraw and Middleton 2009), and hence do not compete with bluebirds for food or 

nesting sites. 

Procedure    

Aggression trials were conducted in California in May of 2012, and in BC from late April to early 

June of 2011, 2012, and 2013.  We constructed four American goldfinch decoys and four house wren 

decoys by painting craft store bird models with acrylic paint.  Song recordings for playback were 

obtained from Cornell University’s Macaulay Library of Sound. (https://www.macaulaylibrary.org/).  We 

used three recordings of American goldfinch song, all recorded in California, and three recordings of 

house wren song, all recorded in Oregon, for trials.  We edited the recordings using WavePad Sound 

https://www.macaulaylibrary.org/
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Editor (NCH Software), so that they each contained 16 songs from one individual.  Recordings varied 

between 74 and 119 seconds in length, and were played on repeat throughout a trial at 85 (±5) dB at 1 

m from the source (Realistic Sound Level Meter, RadioShack Corp., Fort Worth, TX, USA) using an mp3 

player (iPod nano, Apple, Cupertino, CA, USA) connected to a portable speaker (Sony SRS-77G, Sony 

Corp., Tokyo, Japan).  We used a random number table to set up a matrix of possible decoy and playback 

combinations for the goldfinch and house wren respectively and worked systematically through the 

matrix from top left to bottom right, ensuring that all of the 12 combinations available for each species 

were used for at least one trial. 

All trials took place during incubation; however, due to logistical constraints, the timing of trials 

relative to the start of the incubation period varied (from day 3 to day 13).  The average incubation 

period of western bluebirds is 14 days both in the Okanagan (Campbell et al. 1997a) and in California 

(Dickinson et al. 1996); thus, some of our trials were conducted at the beginning of the incubation 

period while others were close to the end.  Furthermore, logistical constraints also dictated that trials be 

conducted throughout the day, rather than being restricted to one time period.  

Bluebird pairs were tested only once, and were randomly assigned either a house wren or a 

goldfinch trial using a coin flip.  To begin, one observer walked quietly towards the focal nest box until 

the female flushed.  If the female was not incubating when the observer approached, the observer 

retreated and waited until the female had returned to initiate the trial.  Once the female had flushed, 

we marked a 5m and a 20m radius around the box using flagging tape.  We then attached the decoy to 

the nest box roof using a bull clip, placed the speaker on the ground below the box, and started the 

playback.  

During trials, one or two observers stood at least 20 m away from the nest and recorded the 

behaviour of the focal pair by dictating into a voice recorder.  In 2011 and 2012, trials were conducted 

by two observers, one recording the male’s behaviour and one recording the female’s behaviour.  In 
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2013, trials were carried out by only one observer, who recorded the behaviour of both sexes.  All 

observers conducting experiments in the partially migratory BC population were blind to the migratory 

status of focal individuals during trials.   

Observers recorded the latency period between the beginning of the trial and when the focal 

individuals first performed any of three aggressive actions: hovering (remaining stationary in the air, 

oriented towards the decoy), flying over (‘dive bombing’ the decoy without making contact), and hitting 

(making physical contact with the decoy) (Duckworth 2006a, b, Duckworth and Badyaev 2007).  

Observers also counted the number of times each focal individual hovered, flew over, or hit the decoy.  

Trials lasted ten minutes; however, if one of the focal birds knocked the decoy down or the playback 

attracted a live house wren or goldfinch prior to the end of the trial, they were cut short.   

We considered birds to have engaged in a trial if they came within a 5m radius of the nest box 

during the test period.  Individuals that did not approach the box at any point during the trial were not 

included in our analyses.  Birds that approached the box but did not act aggressively towards the model 

were assigned a latency score of 600 seconds (10 minutes).     

Data analysis 

To measure the intensity of an individual’s aggressive response, we entered the four 

behavioural variables (latency in seconds, and number of hovers, fly overs, and hits) into a principal 

component analysis using the correlation matrix.  For latency, number of hovers, and number of fly 

overs, we entered untransformed data; however, for number of hits, we needed to account for the fact 

that some individuals hit the decoy repeatedly (up to 123 times) without knocking it off the box, while 

others knocked it down with only a few hits, terminating the experiment quickly.  As whether an 

individual knocked the decoy off the box appeared to be determined by largely arbitrary factors (for 

example, how securely the decoy was attached to the bull clip), we wanted to ensure that the number 

of hits entered into the PCA accurately conveyed intensity of aggression for individuals that knocked the 
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decoy down quickly.  Thus, we assigned any individual that knocked the decoy down (n=26) a maximum 

number of hits (125), and entered this modified variable into the PCA.  For analysis, we retained 

components with an eigenvalue greater than one (Quinn and Keough 2002, Norman and Streiner 2008), 

which included only PC1.     

To ask whether migratory strategy was related to aggression, we fitted linear models, using PC1 

as a response variable, and age, sex, migratory strategy, and the interaction between migratory strategy 

and sex as predictors.  We first used a Mann-Whitney U test to determine whether birds responded 

more aggressively to the house wren than to the goldfinch, and then constructed separate linear models 

for house wren and goldfinch trials.  In each case, we started with the full model and used likelihood 

ratio testing to eliminate non-significant predictor variables and arrive at the minimum adequate model.  

Model diagnostics were checked on the residuals of the minimum adequate model, and post hoc 

pairwise comparisons were conducted using the package multcomp in R (Hothorn et al. 2008).  Reported 

p values were adjusted for multiple comparisons using the Tukey method. 

Given the large variation in the timing of the trials relative to sunrise and to the start of 

incubation, we recognized that the motivation of pairs to defend their nest might differ between trials.  

However, other studies of aggression in western bluebirds have found that nest defence does not 

change with breeding stage (Duckworth 2006b), suggesting that differences in trial timing should not 

introduce added variation.  We confirmed this using Spearman correlations, which indicated that neither 

time of day nor day of incubation was related to PC1 (time of day: S=673370, p=0.76; day of incubation: 

S=693070, p=0.50).  Thus, we did not include these variables as predictors in our models.   

We also recognized that the aggressive response between members of a pair might be 

correlated, as has been found in other studies examining nest defence behaviours in western bluebirds 

(Duckworth 2006b, Kellogg 2008).  However, there was no correlation between male and female PC1 



129 
 

scores in our dataset (Spearman correlation, S=49945, p=0.30), so we chose to treat all individuals as 

independent data points in our model. 

Results 

 Between 2011 and 2013, we carried out aggression trials at 89 nests in BC and 20 nests in 

California, for a total of 109 trials.  Sixty-six of those trials were done using the house wren decoy and 

playback, and 43 were done using the goldfinch decoy and playback.  In 11 trials, neither member of the 

focal pair came within a 5m radius of the nest box, so we removed those trials from the dataset.  Six 

additional trials were omitted either because a live house wren or goldfinch was present throughout the 

trial (n=4), or due to equipment failure (n=2).  In 75 of the 92 remaining trials, both members of the pair 

responded; however, in 17 cases only the male (n=3) or the female (n=14) approached the box.  Finally, 

at seven nests in BC in 2012 and 2013, one of the focal individuals had been the subject of an aggression 

trial in previous years, and at three of the nests in BC in 2012, one or both members of the focal pair was 

nesting for the second time that breeding season.  To avoid potential issues due to habituation and 

variation in breeding experience, we removed those individuals.  Our final sample size for the PCA 

consisted of behavioural responses from 158 individuals at 88 nests, 95 of which were tested with the 

house wren and 63 of which were tested with the goldfinch. 

The first component of the PCA accounted for almost 50% of the variance in the data, and 

component loadings showed that PC1 varied negatively with latency (-0.75), and positively with hovers 

(0.73), flyovers (0.75), and hits (0.56).  Thus, birds that had high scores for PC1 reacted quickly to the 

stimulus, and hit, flew over, and hovered close to the model frequently, indicating that it was a good 

measure of the intensity of the aggressive response. 

Linear models do not accommodate missing data; thus, when modelling factors affecting PC1, 

we could only include individuals for which we had information on sex, age, and migratory strategy.  Of 

the 158 individuals included in the PCA, we were missing migratory strategy for 44, and age data for an 
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additional ten.  The sample size used in analysis was 104 individuals: 68 birds (from 43 nests) tested with 

the house wren, and 36 birds (from 26 nests) tested with the goldfinch.  This sample size included six 

recaptured birds that used different migratory strategies in different winters.  These individuals were 

classified as migrant or resident based on their migratory strategy the winter immediately prior to the 

breeding season in which the experiment was conducted. 

 In house wren trials, the minimum adequate model for PC1 (intensity of aggression) explained 

relatively little variation in the data (adjusted R2=0.06) and included only migratory strategy as a 

predictor.  Sex and age were not related to aggression, but migratory strategy was a significant predictor 

of PC1 (X2=10.73, p=0.04).  Post hoc tests indicated that BC residents were significantly more aggressive 

than California residents (t=2.41, p=0.05; Figure 4.2), but there was no difference in aggression between 

BC migrants and residents from either California (t=0.76, p=0.73) or BC (t=1.93, p=0.14). 

 Bluebirds behaved aggressively towards both the house wren and the goldfinch decoys; 

however, they were significantly less aggressive (i.e., had lower PC1 scores) in response to the goldfinch 

(Mann-Whitney U test, W = 750.5, p = 0.001; Figure 4.3a).  In goldfinch trials, none of the predictors 

(age, sex, or migratory strategy) were related to aggression (Figure 4.3b). 

 

Behavioural Syndrome: Boldness and Aggression 

Methods 

 To investigate the potential for a behavioural syndrome incorporating boldness and aggression 

in western bluebirds, we used Spearman rank-order correlation tests to ask whether there was any 

correlation between an individual’s latency to enter the box in the bow treatment and its response 

during the aggression experiment (PC1).  For this analysis, we used only individuals for which both 

experiments were conducted in the same year, which provided a total sample size of 55 individuals.  We 
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ran separate correlation tests for individuals that received the house wren treatment in the aggression 

experiments (n=37), and individuals that received the American goldfinch treatment (n=18). 

Results 

 There was no significant correlation between latency and PC1 for individuals exposed to the 

house wren during aggression trials (S=7538.6, ρ=0.11, p=0.53; Figure 4.4a).  However, latency was 

significantly negatively correlated with PC1 for individuals exposed to the American goldfinch during 

aggression trials (S=1460, ρ=-0.51, p=0.03; Figure 4.4b): birds that were more aggressive in response to 

the goldfinch were also significantly bolder in response to the bow.  

 

Discussion 

 We found differences in personality traits both between and within populations of western 

bluebirds.  Resident birds were bolder than migrant birds in the Okanagan, and resident birds from BC 

were more aggressive than resident birds from California.  We also found a correlation between 

boldness and aggression in response to a ‘neutral’ stimulus (the goldfinch), but no correlation between 

boldness and aggression in response to a threatening stimulus (the house wren).  

All three bluebird groups responded to the novel object by taking longer to enter the nest box 

(Figure 4.1).  However, while latency to enter (relative to the control) increased by approximately 25% 

and 50% for California and BC residents respectively, BC migrants showed a much more dramatic 

increase of more than 150%.  In addition, pairwise comparisons showed that latency differed 

significantly between the control and bow treatments only for BC migrants (Table 4.2); thus, they were 

the only group to show significant neophobia in response to the bow.  Overall, our results suggest that 

BC migrants are more neophobic than BC residents. 
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The results of the boldness experiment match the pattern we predicted if migration strategy is 

more important than environment in determining personality traits: differences were not found 

between residents in BC and California, but were detected between migrants in BC and both groups of 

residents.  However, the direction of our results contrasts with results from several other partially 

migratory species.  For example, Nilsson et al. (2010) and Chapman et al. (2011b) reported that migrants 

were bolder than residents in blue tits and roach respectively, while we found that migrants were shyer 

than residents.  The pattern we detected was similar to results of interspecific comparisons.  For 

example, migratory garden warblers (Sylvia borin) were more hesitant to approach a novel object than 

resident Sardinian warblers (S. melanocephala; Mettke-Hofmann et al. 2005), and migratory blackbird 

species were more reluctant to eat from a feeder when a novel object was present than resident species 

(Mettke-Hofmann et al. 2013). 

However, our results are similar to those found in one study of partial migrants, which examined 

found shy elk were more likely to migrate than bold elk (Found and St. Clair 2016).  The authors 

suggested that bolder, more habituated elk were resident because they were less afraid of humans, and 

thus able to exploit human-dominated environments to escape predators and find food.  Anthropogenic 

influences have been connected to increasing residency in another partially migratory bird species, the 

European blackbird (Turdus merula; Partecke and Gwinner 2007), and to increased boldness in other 

bird species (e.g., Evans et al. 2010, Scales et al. 2011, Atwell et al. 2012).  Residency and boldness in 

western bluebirds may reflect a similar willingness to exploit anthropogenic resources.   

Resident bluebirds from BC were also significantly more aggressive in response to the house 

wren than residents from California (Figure 4.2).  In contrast to the results of the boldness experiment, 

this pattern matches what we predicted would occur if differences between populations (for example, in 

the harshness of the environment), rather than migratory strategy, shaped personality traits.  However, 

based on the results of a comparison of mountain chickadees from high-altitude and low-altitude 
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populations (Branch et al. 2015), we expected that BC residents – which experience shorter winter days, 

lower temperatures, and more snow than California residents – would be less aggressive.  That we 

found the opposite pattern might be explained by the relationship between latitude and testosterone 

concentration, which is associated with territorial aggression in birds.  Several studies have found that 

birds from temperate latitudes have higher peak testosterone levels during the breeding season than 

birds from tropical latitudes (e.g., Rödl et al. 2004, Goymann et al. 2006).  If this pattern also holds for 

birds from high and low latitudes within the temperate zone, we would predict that residents from the 

Okanagan would be more aggressive than those from California.   

While the difference was not significant, BC residents also tended to be more aggressive than BC 

migrants in response to the house wren decoy (Figure 4.2), again contrasting with the results of a 

previous study, which found that resident European stonechats (Saxicola torquata rubicola) were less 

aggressive than migrants (Marasco et al. 2011).  One explanation for this discrepancy is a previously 

described link between aggression and territory quality in western bluebirds.  Duckworth (2006a) found 

that more aggressive bluebird males obtained higher quality territories.  If high quality territories are 

linked to a residency in BC, we might expect the observed relationship between aggression and 

migratory strategy.  For example, high quality territories might provide sufficient resources to allow 

individuals to remain in BC for the winter; territory resource wealth affects movement strategies of 

young western bluebirds in the California population (Dickinson and McGowan 2005), suggesting a 

correlation between resources and movement in this species.  Alternatively, since early arrival is often 

linked to the acquisition of high quality territories in migratory passerines (e.g., Currie et al. 2000, 

Cooper et al. 2011, McKellar et al. 2013), birds with high quality territories may remain resident in the 

Okanagan for the winter to ensure ‘early arrival’ and maintain ownership of their territories. 

As expected, bluebirds behaved significantly less aggressively towards the American goldfinch 

than the house wren models (Figure 4.3a), but the extent of their aggression towards the goldfinch was 



134 
 

nevertheless surprising and difficult to interpret.  Responses to the goldfinch included hovering, dive 

bombing, and hitting the decoy.  These responses were indistinguishable from those directed towards 

the wren, and did not resemble the responses observed in the boldness experiment, suggesting that 

bluebirds perceived the goldfinch decoy as an intruder, rather than a novel object.  This observation 

contrasts with a similar study on Montana bluebirds, which showed minimal response to models of a 

non-competitor species (a house finch, Carpodacus mexicanus; Duckworth 2006b).   

In contrast to the results of the house wren experiment, migratory strategy was not a significant 

predictor of aggression towards the goldfinch (Figure 4.3b).  That we detected differences between 

groups in aggression to the wren but not the goldfinch raises the possibility that our experiment may 

have captured two different ‘types’ of aggression.  For example, previous studies have distinguished 

between defensive aggression and social aggression, which may be correlated across contexts in some 

studies (e.g., Duckworth 2006b), but not in others (e.g., Blumstein et al. 2013).  In our study, response to 

the wren could be classified as ‘defensive aggression’, but response to the goldfinch may be a different 

type of aggression, unrelated to defensive behaviour. 

Our analysis of the relationship between boldness and aggression provides further support for 

the hypothesis that our experiment measured two different types of aggression.  We found no evidence 

that boldness was correlated with aggressive response to the house wren; however, bolder birds were 

also more aggressive towards the goldfinch (Figure 4.4).  The relationship between boldness and 

aggression is commonly investigated in personality research, and bolder individuals are frequently more 

aggressive (e.g., Verbeek et al. 1996, Barnett et al. 2012, Myers and Hyman 2016); however, that 

relationship has been found to vary across species and between populations (Mettke-Hofmann et al. 

2005, Evans et al. 2010, Scales et al. 2011).  Unfortunately, our sample size was insufficient to allow us 

to test whether the existence or structure of the boldness-aggression syndrome varied with migratory 

strategy.  However, that we detected a syndrome using one measure of aggression (response to the 
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goldfinch) but not the other (response to the wren) is intriguing, and similar to results found by Myers 

and Hyman (2016), who detected a boldness-aggression syndrome in urban song sparrows (Melospiza 

melodia) when they used response to alarm calls to measure boldness, but not when they used flight 

initiation distance.   

Confusion about which traits are actually measured during personality experiments is common 

(Carter et al. 2013); however, our results reinforce the idea that what we consider to be one trait (e.g., 

‘aggression’) may be a collection several traits, which can be independent of each other.  Thus, 

researchers must carefully design experiments to ensure they are capturing the personality trait of 

interest.  Future studies in the western bluebird system should measure the repeatability of boldness 

and aggression behaviours to establish these as personality traits, and also investigate whether 

aggressive responses to different types of stimuli are correlated and whether they represent different 

types of aggression.   

Our study adds to a small but growing body of evidence suggesting that differences in 

personality might be related to intraspecific variation in migratory strategy and environment.  We 

detected two different patterns in our results: residents from BC were bolder than migrants from BC in 

response to a novel object, and residents from BC were more aggressive than residents from California 

in response to the house wren decoy.  However, our data do not allow us to determine whether 

variation in personality is a consequence or a cause of variation in migratory behaviour.  While most 

studies comparing personality traits between migrant and resident species present personality traits as 

adaptations to the challenges of different life history strategies (e.g., Mettke-Hofmann and Gwinner 

2004, Mettke-Hofmann et al. 2005, 2009, 2013), studies that compare personality in migrant and 

resident individuals within partially migratory populations often present personality as a possible cause 

of variation in migratory behaviour (e.g., Chapman et al. 2011b, Found and St. Clair 2016).  Future 
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studies should aim to explore the mechanisms linking migration strategies and specific personality traits 

both within and between populations. 

Understanding the connections between personality and migration is important because 

individuals that differ in personality traits may respond differently to the same challenges (Mettke-

Hofmann and Greenberg 2005, Mettke-Hofmann 2017).  Thus, while overall population numbers may be 

stable or even increasing in partial migrants (Gilroy et al. 2015, Mettke-Hofmann 2017), personality 

differences between migrants and residents may mean that individuals with different migratory 

strategies are affected differently by anthropogenic changes in land use and climate.  Globally, changes 

in the balance of migrants and residents have been observed or are predicted for several partially 

migratory systems (e.g., Partecke and Gwinner 2007, Pulido and Berthold 2010).  The rapid pace of 

global environmental change suggests there is benefit in understanding the mechanisms that shape 

migratory strategies and the consequences that arise as a result of those divergent strategies, to better 

understand and predict long-term changes. 
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Table 4.1 Summary of the minimum adequate model describing latency to enter the box in the boldness 
experiment.  The model included individual ID as a random effect, and treatment (control, bow, or leaf), 
migratory strategy, and the interaction between them as fixed effects. Bolded text indicates significant 
results.  

 Estimate SE t p 

Intercept 0.84 0.15 5.67 6.0 x 10-8 

Bow  0.25 0.16 1.50 0.13 

Leaf  -0.14 0.16 -0.88 0.38 

BC Migrant  -0.38 0.25 -1.53 0.13 

BC Resident  -0.26 0.27 -0.96 0.34 

Bow : BC Migrant 0.82 0.28 2.96 0.004 

Leaf : BC Migrant 0.56 0.28 2.02 0.04 

Bow : BC Resident 0.42 0.30 1.42 0.16 

Leaf : BC Resident 0.21 0.30 0.69 0.49 
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Table 4.2. Adjusted p values from pairwise comparisons of the minimum adequate model for latency.  Significant comparisons are shown in red. 

 CA 
Resident: 
Control 

CA 
Resident: 
Bow 

CA 
Resident: 
Leaf 

BC 
Migrant: 
Control 

BC 
Migrant: 
Bow 

BC 
Migrant: 
Leaf 

BC 
Resident: 
Control 

BC 
Resident: 
Bow 

BC 
Resident: 
Leaf 

CA Resident: 
Control 

-- -- -- -- -- -- -- -- -- 

CA Resident:   
Bow 

0.85 -- -- -- -- -- -- -- -- 

CA Resident:   
Leaf 

0.99 0.30 -- -- -- -- -- -- -- 

BC Migrant: 
Control 

0.84 0.23 0.99 -- -- -- -- -- -- 

BC Migrant:    
Bow 

0.15 0.73 0.03 0.0001 -- -- -- -- -- 

BC Migrant:    
Leaf 

1.00 0.99 1.00 0.64 0.09 -- -- -- -- 

BC Resident: 
Control 

0.99 0.63 1.00 1.00 0.06 0.99 -- -- -- 

BC Resident:    
Bow 

0.85 1.00 0.51 0.18 1.00 0.94 0.16 -- -- 

BC Resident:   
Leaf 

1.00 0.78 1.0 1.00 0.10 1.00 1.00 0.27 -- 
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Figure 4.1 Mean latency (transformed) of California residents (n=39), BC migrants (n=21), and BC residents (n=17) to enter the nest during the 

control, bow, and leaf treatments.  Error bars indicate standard error.
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Figure 4.2 Mean PC1 scores of California residents, BC migrants, and BC residents in response to the 

house wren decoy.  PC1 represents a combined measure of the intensity of an individual’s aggressive 

response to a simulated territorial intrusion: birds with high PC1 scores had short latencies and hovered, 

flew over, and hit the decoy frequently.  Error bars indicate standard error and numbers represent 

sample size of individual birds in each group.  (Image credit: www.audubon.org/birds-of-america.) 

  

http://www.audubon.org/birds-of-america
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Figure 4.3 a) Mean PC1 scores of western bluebirds in response to American goldfinch and house wren 

decoys.  Error bars indicate standard error, and numbers represent sample size of bluebirds tested with 

each type of decoy.  b) Mean PC1 scores of California residents, BC migrants, and BC residents in 

response to the goldfinch decoy.  Error bars indicate standard error, and numbers represent sample size 

of individual birds in each group.  (Image: www.audubon.org/birds-of-america.) 

http://www.audubon.org/birds-of-america
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Figure 4.4 Relationship between boldness (latency to enter the nest box in the presence of a novel object) and aggression (PC1 score) in 

response to a) the house wren (n=37), and b) the American goldfinch (n=18).  Colours indicate migratory strategies; birds with unknown strategy 

are those not captured or whose isotope signatures did not allow us to assign them to a strategy with sufficient confidence. 
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Chapter Five 

 

General Discussion 
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Study Rationale 

 I first became interested in partial migration while conducting my MSc fieldwork studying carry-

over effects in Ipswich sparrows (Passerculus sandwichensis princeps).  Ipswich sparrows breed on Sable 

Island, a small island off the coast of Nova Scotia, and winter along the Atlantic coast from Nova Scotia 

to Florida.  I was surprised to learn that every year a few birds avoided migration completely, instead 

remaining on Sable for the non-breeding season.  Spending the winter on the island was almost always a 

bad decision; most of the birds that stayed died.  But the behaviour piqued my curiosity.  Which birds 

stayed, and why?  Were there advantages to staying, for those birds that could survive the winter? 

 As it turns out, Ipswich sparrows are not alone.  Partial migration – the phenomenon where 

some individuals in a population migrate and some do not – is likely the most common form of 

migration in the animal kingdom (Berthold 1999, Chapman et al. 2011a).  However, due in large part to 

the difficulties associated with following animals through their entire annual cycle, researchers have yet 

to untangle the genetic, environmental, and individual factors that determine whether individual 

animals are migratory or resident (Chapman et al. 2011b). 

 Understanding how partially migratory systems are controlled is an important goal, as partial 

migration can provide insight into the proximal drivers and evolution of migration (Berthold 1999, 

Chapman et al. 2011a, b).  Additionally, an understanding of the mechanisms controlling variation in 

migratory behaviour is essential to predict how partially migratory systems may respond to global 

environmental change.  While most research investigating the response of migratory animals to 

anthropogenic stressors has focused on long-distance migrants, the dynamics of partially migratory 

systems are also likely to be altered by these stressors (Chapman et al. 2011b).  Shifts in migratory 

behaviour in response to changes in climate and land use have been reported in several partially 

migratory species (e.g., Partecke and Gwinner 2007, Heath et al. 2012, Gilbert et al. 2016, Holte et al. 
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2016).  However, in other species, no evidence of change has been detected (e.g., Nilsson et al. 2006), 

suggesting response to anthropogenic stressors varies across systems.  Without an understanding of the 

factors controlling individual migratory strategies, it will be almost impossible to predict if and how 

partial migrants will respond to a rapidly changing environment. 

Changes in partially migratory systems do not seem to be associated with population declines.  

To the contrary, most populations of partially migratory species are stable or even increasing, suggesting 

that the greater flexibility demonstrated by partial migrants may provide an advantage in responding to 

anthropogenic change (Gilroy et al. 2016, Mettke-Hofmann 2017).  However, changes in partially 

migratory systems are still likely to have ecological and evolutionary consequences.  Fluctuations in the 

proportions of migrants and residents in a population will have implications for the many ecosystems 

with which they interact (Chapman et al. 2011b, Bauer and Hoye 2014).  Furthermore, the results of 

both field and laboratory studies suggest that migratory behaviour can evolve rapidly, particularly if 

assortative mating decreases gene flow between different migratory phenotypes.  For example, 

assortative mating led to the development of a migratory divide in European blackcaps (Sylvia 

atricapilla) within a few decades (Bearhop et al. 2005).  Artificial selection experiments indicate that 

when one strategy results in greater fitness than the other, the disadvantaged strategy can be lost from 

the population within only a few generations (Berthold 1988, Pulido and Berthold 2010).  Thus, if the 

increasing residency reported in many partially migratory species indicates a fitness advantage of 

residency, one outcome of anthropogenic change could be the loss of migration in partially migratory 

populations. 

Western bluebirds (Sialia mexicana) provide an ideal study species for investigating the 

determinants of partial migration.  Breeding populations range from Mexico (where they are fully 

resident) to southern British Columbia (where they are fully or partially migratory; Guinan et al. 2008).  

Furthermore, migratory patterns within BC appear to be shifting, with winter residency increasing in the 
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Okanagan Valley (National Audubon Society 2010).  Preliminary analyses have linked this change to 

increases in the bluebird breeding population, which in turn may be connected with recent land use 

shifts in the Okanagan (Willis 2013).  Whatever the cause, studying western bluebirds allows us to 

investigate drivers of partial migration in a changing system.  

 

Findings and Implications 

 The research in this thesis emphasizes the value of looking beyond commonly tested hypotheses 

when attempting to understand factors that shape variation in migratory behaviour, and highlights the 

importance of considering how individuals’ life history attributes may influence their migratory 

strategies.  In Chapter 2, I show that some bluebirds are able to switch migratory strategy between 

years.  Strategy switching is relatively common in females, but in one direction (migration to residency) 

only, and I found no evidence of strategy switching in males.  These results suggest that migration 

strategy is not under strict genetic control in bluebirds, consistent with an earlier study that found no 

difference between migrant and resident individuals in several candidate genes associated with 

migration (Sauve 2015), and underscore the need to examine ecological and individual factors that 

shape migratory behaviour in bluebirds. 

 I use predictions generated by the three most common ecological hypotheses explaining partial 

migration to ask whether arrival time, dominance, or body size drive variation in migratory strategy in 

bluebirds.  I demonstrate that increased residency in second year (SY) birds may support the arrival time 

hypothesis, as SY birds are breeding for the first time and may remain resident to increase their chances 

of obtaining high-quality territory.  I also show that SY females are the most likely to be resident, which 

could be driven by delayed dispersal and higher overwinter survival for young female residents.  Future 

research should investigate this possible fitness advantage of residency in SY females, as that – 
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combined with the demonstrated flexibility in female migratory strategies – might suggest a shift 

towards residency in female bluebirds.   

In addition, I show that bluebirds pair assortatively by migratory strategy, and the strong 

correlation of isotope signatures between mates indicates they likely winter together.  Furthermore, 

anecdotal evidence suggests that strategy switching in females may occur most often when migrant 

females are paired with resident males.  These patterns provide preliminary evidence that social 

influences may shape migratory strategies in this species, particularly in females.  Social influences have 

rarely been explicitly considered in studies of partial migration, and further studies are required to 

determine the exact nature of these influences and the mechanisms through which they operate. 

 In Chapter 2, I also note that bluebird migratory strategies vary across study sites within the 

Okanagan, suggesting that sites vary in some aspect of quality, such as food availability.  In Chapter 3, I 

pursue the idea that food might be related to migratory behaviour by asking whether diet differs 

between migrant and resident bluebirds.  I demonstrate that prior to fall migration, resident males have 

higher δ15N signatures than resident females or migrants of either sex, indicating that resident males 

consume more high-trophic level foods.  These results suggest that diet might play a role in shaping 

migratory strategy – but in males only.  While several other studies have found differences in diet 

between migrants and residents in partially migratory populations, most of those studies have 

compared diets when migrants and residents are allopatric and diet differences are likely to be a 

consequence of migratory strategy, not a cause.  To my knowledge, this is only the second study to ask 

whether diet varies with migratory strategy when migrants and residents are sympatric, and is the first 

to find evidence that the relationship between diet and migration behaviour differs depending on sex. 

The pattern I detected raises the question of why diets might differ among individuals.  Two 

possible answers to this question have been proposed.  First, as noted above, the availability of food 
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items might vary among territories, such that only some individuals have access to certain types of food.  

Second, variation in diet might arise as a result of variation in foraging behaviour.  To investigate this, I 

conducted an experiment where I provided bluebirds with novel food items.  I found that resident males 

were less hesitant than migrant males to eat novel insects, but the opposite pattern was seen in 

females, suggesting differences in diet could arise partly from variation in behaviour. 

 A number of studies have linked variation in foraging behaviour to personality traits, such as 

boldness (e.g., Patrick et al. 2017) and exploratory behaviour (e.g., Serrano-Davies et al. 2017).  These 

personality traits, in turn, have been linked with differences in migratory strategy in partial migrants 

(e.g., Nilsson et al. 2010, Chapman et al. 2011c).  Thus, in Chapter 4, I investigate whether two 

personality traits, boldness and aggression, differ between migrant and resident bluebirds in BC, and 

between the partially migratory BC population and a fully resident California population.  I show that BC 

migrants are significantly less bold than BC residents, but they do not differ in aggression.  However, BC 

residents are significantly more aggressive than California residents.  These results suggest that some 

personality traits may be associated with intrapopulation variation in migratory strategy, while others 

may vary as a result of environmental differences between populations.   

 My findings identify several variables correlated with alternate migratory strategies in western 

bluebirds, but they also point towards some broader conclusions.  First, they suggest that we must 

continue to look beyond the arrival time, dominance, and body size hypotheses for ecological influences 

and individual characteristics driving variation in migratory strategy.  However, they also reinforce one 

key component of all three hypotheses: the cost-benefit trade-off of migration may vary depending on 

individual life history characteristics.  For example, the importance of sex is a recurring theme 

throughout my thesis.  Second year (SY) females are more likely than SY males to overwinter in the 

Okanagan, and may incur a survival cost of migration that males do not.  Resident male diet differs from 

that of migrant males, but no such difference exists in females.  In addition, residents and migrants 
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respond differently to experimentally-presented novel foods in both males and females, but the 

direction of the difference varies with sex.  Taken together, the pattern of these results suggest that the 

factors shaping individual migratory strategies likely differ between males and females.  While ecological 

factors, such as variation in diet, appear to be important for males, females may be more affected by 

social influences, such as the behaviour of their mates. 

Finally, my results contribute to the mounting evidence suggesting that factors controlling 

partial migration may differ among systems.  This variation is likely part of the reason that we have 

found it difficult to pin down the mechanisms controlling partial migration and suggests that predicting 

future responses to global environmental change will require detailed knowledge of species’ biology. 

    

Future Directions 

 Based on the patterns described in this thesis, I suggest a number of avenues for future 

investigation, both in the Okanagan western bluebird population and in other partially migratory 

species. 

Fitness consequences of alternative migratory strategies in western bluebirds 

Carry-over effects, which occur when events in one season affect the success of an individual in 

the following season, are common in the animal kingdom (Harrison et al. 2011).  Numerous studies of 

migratory birds have demonstrated that where individuals spend the winter affects their fitness the 

following breeding season (e.g., Marra et al. 1998, Bearhop et al. 2004, Norris et al. 2004, Bearhop et al. 

2005, Reudink et al. 2009, Dale and Leonard 2011). 

 Given the different life histories strategies employed by individuals in partially migratory 

populations, we would expect carry-over effects to result in fitness differences between migrants and 
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residents, and indeed most previous studies have found one strategy to be more successful than the 

other.  In birds, migrant and resident individuals can differ in overwinter survival (Adriaensen and 

Dhondt 1990, Gillis et al. 2008, Sanz-Aguilar et al. 2012, Green et al. 2015, Hegemann et al. 2015), body 

condition (Boyle 2008, Eikenaar and Hegemann 2016), and aspects of reproductive success including 

pairing (Adriaensen and Dhondt, Boyle et al. 2011), timing of breeding attempts (Anderson et al. 2016, 

Fudickar et al. 2016, Grist et al. 2017), and reproductive output (Gillis et al. 2009, Mackas et al. 2010, 

Grist et al. 2017).  Most of these studies conclude that migrants have lower overall fitness than 

residents, implying that migrants are ‘making the best of a bad job’.  Notably, no studies have 

incorporated extra-pair paternity into their estimates of reproductive success, a surprising oversight 

given that genetic promiscuity is common in birds (Griffith et al. 2002), and migration distance has been 

proposed as a mechanism to explain the positive correlation between extra-pair paternity and latitude 

(Spottiswoode and Møller 2004).   

Understanding the fitness consequences of alternative migratory strategies in western bluebirds 

is essential to predict changes in migration patterns in this species, particularly as we have evidence of 

strong assortative mating (Chapter 2), which is an important mechanism for the evolution of migratory 

divides (Bearhop et al. 2005).  In addition, genetic analyses indicate that extra-pair paternity is common 

in western bluebirds (e.g., Ferree and Dickinson 2011), suggesting two things: first, that any examination 

of fitness in this species should consider realized, rather than apparent, reproductive success; and 

second, that partially migratory bluebirds provide an ideal study system with which to test hypotheses 

about the relationship between migration and extra-pair paternity. 

Should I stay or should I go…where? 

 While stable hydrogen isotopes allowed us to distinguish between migrant and resident 

bluebirds, there are some limitations to the use of isotopes to infer migratory strategies.  Because the 

range of isotopic signatures of migrants and residents overlapped, I was unable to assign roughly 25% of 
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captured birds to either migratory strategy.  Furthermore, isotopic signatures at a given location often 

vary substantially (e.g., Wunder et al. 2005, Rocque et al. 2006, Langin et al. 2007); thus, although claw 

δD signatures allowed us to detect broad-scale patterns (such as whether a bird left the Okanagan 

during the winter), I could not determine where exactly migratory bluebirds from BC spent the non-

breeding season. 

Rather than depending on intrinsic markers, future studies could employ one of several recently 

developed tracking technologies to get more detailed information about bluebird movements both 

between and within seasons.  In the near future, it will be possible to track western bluebirds using 

satellite-based radio-telemetry, which would allow the accurate determination of the winter location of 

both resident and migrant bluebirds.  Satellite telemetry has been used for years to track the 

movements of large animals (e.g., Vardanis et al. 2016, Shamoun-Baranes et al. 2017), but has not been 

employed in studies of small migratory birds because tags are prohibitively large.  However, the ICARUS 

(International Cooperation for Animal Research Using Space) Initiative (https://icarusinitiative.org) aims 

to enable the use of smaller tags by placing a receiver in near-Earth orbit, on the International Space 

Station (ISS).  ICARUS is beginning to get under way; the receiver and computer were sent to the ISS in 

October 2017, and the system is scheduled to be operational in the spring of 2018.  The development of 

ICARUS will undoubtedly represent the beginning of a new era in migration research.  

In the immediate future, the Motus Wildlife Tracking System represents a less costly way to gain 

insight into the movements of wintering bluebirds.  Motus is a network of automated radio-telemetry 

receivers set up in more than 350 locations throughout the western hemisphere (Taylor et al. 2017).  

These receiving stations pick up signals from miniature radio transmitters that can be attached to 

animals as small as butterflies and dragonflies, allowing researchers to track their movements. Using 

Motus receivers deployed in the Okanagan, it would be possible to determine whether all tagged 

individuals were migratory or resident.  Motus would also facilitate tracking the winter movements of 
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resident birds, in order to determine whether these individuals live on or near their breeding territories 

during the winter, as occurs in a resident bluebird population in California (Dickinson et al. 2016), or 

travel in mobile flocks, as is believed to occur in most bluebird populations (Guinan et al. 2008). 

Long-term studies 

Field work for this study was conducted over only three field seasons, between 2011 and 2013.  

Collection of data over a longer timescale might provide additional insight into some of the patterns we 

detected, particularly given the possibly dynamic nature of the system.  The Okanagan Valley is near the 

northern limit of the western bluebird range, suggesting this population may be the product of recent – 

or continuing – range expansion.  If the range of bluebirds in southern BC is expanding, then some of the 

patterns we detected could be liable to change over time.  For example, Duckworth and Badyaev (2007) 

demonstrated that levels of aggression in western bluebird males were high in newly-colonized 

populations but decreased across years.  Long-term studies would allow us to determine whether the 

relationship between migratory strategy and personality, in particular, is transient or remains stable 

over time in Okanagan western bluebirds.   

Long-term data collection would also allow tracking of increased numbers of individuals over 

multiple years.  The environmental threshold model of partial migration predicts that partially migratory 

populations should contain obligate migrants and residents as well as facultative migrants – individuals 

whose strategies change as a result of environmental variation (Pulido 2011).  Recent empirical 

evidence, such as the co-existence of obligate and facultative migrants in a southern German population 

of European blackbirds (Fudickar et al. 2013), supports this model.  While some blackbirds – obligate 

migrants – departed in the fall and travelled long distances, others – facultative migrants – departed 

mid-winter and travelled shorter distances.  Similarly, six years of data on partially migratory roach 

(Rutilus rutilus) showed that some individuals were consistently migratory or resident, while others 

altered their strategy depending on body condition (Brodersen et al. 2014).   
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Although I was able to assign migratory strategies in successive years to only a few individuals, 

my results indicate that some western bluebirds did switch strategies, while others were consistently 

migratory or resident.  These findings suggest that the Okanagan bluebird population may contain both 

obligate and facultative migrants.  Future studies should aim to compare these two groups, in addition 

to comparing migrant and resident birds.  Comparing the characteristics of fixed and flexible individuals 

would provide unique insight into the factors controlling variation in migratory strategy. 

Correlation vs. causation in partial migration 

 The majority of research on partial migration has been conducted using free-living vertebrate 

study systems, with relatively few studies investigating partially migratory invertebrate species.  

However, many of these vertebrate study systems share a common limitation: they are extremely 

challenging for researchers to manipulate.  Thus, while studies can examine correlates of alternative 

migratory strategies, it is often almost impossible to establish causation. 

 To answer questions about the causes of partial migration, it will likely be necessary for 

researchers to employ systems more amenable to experimental manipulation.  For example, in a recent 

study of vertical diel migration in a freshwater zooplankton, Meyer (2016) used automated migration 

robots to control the migratory behaviour of Daphnia pulicaria.  As such approaches are not feasible in 

many vertebrate systems, future research in partial migration may rely more heavily on systems that are 

more easily manipulated, to determine causal relationships between migratory strategies and various 

ecological factors and individual characteristics.   

 

Conclusions 

Though partial migration is common throughout the animal kingdom, the control and 

maintenance of partially migratory systems have puzzled researchers for decades.  We are only now 
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beginning to understand the mechanisms determining individual migratory behaviour in these systems.  

Recent studies indicate that variation in migratory strategies can arise from ecological factors and 

individual characteristics.  My thesis suggests that social influences, individual diet differences, and 

personality characteristics may all play a role in determining whether individuals are migrant or resident, 

and emphasizes the importance of considering a wide range of possibilities when investigating the 

control of partial migration.  Given the rapid pace of global environmental change, a solid understanding 

of the factors shaping intrapopulation variation in migratory strategy will be essential in predicting the 

future of partially migratory populations.  
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