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ABSTRACT 

 

Migratory birds spend much of the year away from the breeding grounds, yet little 

is known about their movements during migration and on the wintering grounds. The 

development of light level geolocators allows for the tracking of small passerines 

throughout the annual cycle and provides the opportunity to determine if events in one 

season carry-over to affect events in subsequent seasons. Understanding the connections 

between each season is important for species in decline, especially aerial insectivores, 

which are rapidly declining across northeastern North America. Although geolocators can 

provide important information about the annual cycle, they may also negatively affect the 

bearers.  

My first goal was to deploy geolocators on tree swallows in order to map the 

migration routes and wintering grounds. Geolocators revealed that tree swallows began 

migration in July and immediately had an extended stopover in the northeastern United 

States (Maine, Pennsylvania, New Hampshire, New York, and Massachusetts) for 1.5 – 

3.5 months. After this stopover, they continued to migrate down the eastern coast of the 

US until they reached their wintering grounds in Florida or Cuba in late October – early 

November. Tree swallows remained on their wintering grounds until March or April, 

when they migrated north, arriving at the breeding grounds in late April – early May. 

My second goal was to determine if breeding events have carry-over effects on 

migration strategy. I found that swallows with later fledging dates began migration later 

than swallows with early fledging dates but arrived on the wintering grounds around the 

same time as early fledging birds, possibly due to shorter stopovers. This suggests tree 

swallows may adjust their migration strategy to compensate for shifts in the timing of 

breeding. 

My third goal was to examine the effects of geolocators on female tree swallows. 

I found that tagged and untagged birds did not differ in return rate or reproductive 

success. The condition of tagged birds was poorer than untagged birds following 

migration; however, this was because both tagged and untagged birds showed declines in 

condition following migration, and the subset of tagged birds that returned were also in 

poorer condition in the deployment year than the subset of untagged birds in the 

deployment year. Overall, I found no short term effects of tags on female tree swallows; 

however, these results should be viewed with caution due to the small sample sizes. 

Overall, this study revealed new information about the annual cycle of tree 

swallows breeding in Nova Scotia and revealed that this population has important 

stopover sites in the northeastern US and wintering sites in Florida and Cuba. Also, I 

show for the first time that carry-over effects from the breeding season can affect tree 

swallow migration strategy. 
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CHAPTER 1: INTRODUCTION 

 

Migration, the persistent, undistracted, large scale movement that results in a 

round trip between two or more home ranges (Fryxell et al. 2011), is a strategy that has 

been adopted by a variety of species to exploit seasonal food supplies and avoid 

unfavourable weather conditions (Newton 2008). In North America, millions of birds 

from approximately 350 species undergo annual migrations (Kelly and Finch 1998) 

between their breeding grounds in the north and their wintering grounds in the south. 

Prior to migration, birds increase their energy reserves to facilitate often long flights 

(Bauer et al. 2011). Even so, migrating birds often use stopover sites to replenish energy 

reserves (Alerstam et al. 2003). Factors such as weather and food abundance determine 

the amount of time spent at stopover sites before continuing migration (Schneider and 

Harrington 1981; Calvert et al. 2009). Spatial changes in resources throughout the winter 

may also result in some birds using more than one wintering site, a practice that was 

unknown until recently (Jahn et al. 2013). 

Although important stopover sites have been identified and the winter ranges of 

many species have been mapped, little is known about the movements of migratory birds 

once they leave the breeding grounds. This is because historically it has been very 

difficult to follow birds once they begin migration. The recent development of 

technology such as light-level geolocators has, however, made it possible to track the 

movements of individual birds (e.g. Stutchbury et al. 2009; Callo et al. 2013; Fraser et al. 

2013). In turn, this has allowed researchers to study a bird’s complete annual cycle, 

including the complex interactions between events, such as reproduction and migration. 
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1.1 Carry-Over Effects 

The annual cycle of a migratory species is necessarily influenced by conditions 

and events on the wintering grounds, during migration, and on the breeding grounds. 

Carry-over effects may explain how fitness in subsequent seasons is affected by 

conditions and events in a previous season. For example, poor quality wintering habitat 

may negatively affect body condition and the timing of departure for spring migration 

(Marra et al. 1998; Rockwell et al. 2012). Poor body condition and late departure from 

the wintering grounds may, in turn, affect arrival on the breeding grounds (Marra et al. 

1998). Birds arriving late begin breeding later and are less likely to have high 

reproductive output (Marra et al. 1998; Norris et al. 2004a; Sorensen et al. 2009). 

Carry-over effects have most often been studied by examining the effects of 

winter habitat on spring migration and reproductive success the following summer (e.g. 

Marra et al. 1998). However, the timing of breeding and conditions on the breeding 

grounds can affect the timing of molt and autumn migration. For example, late breeding 

can result in an overlap of molt with reproduction (Morton 1992; Norris et al. 2004b), a 

faster molt (Conklin and Battley 2012), or changes in the location of the molt (Norris et 

al. 2004b). Late breeding may delay migration (Stutchbury et al. 2011; Mitchell et al. 

2012), which may influence migration strategy such as the length of stopovers or speed 

of migration. Poor reproductive success may also influence migration strategy, as 

unsuccessful breeders that invest less energy in reproduction may be able to overwinter 

farther north and arrive back on the breeding grounds earlier, or migrate farther to exploit 

high quality wintering sites than successfully reproducing birds (Bogdanova et al. 2011; 

Catry et al. 2013). 
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Carry-over effects can result in constraints on individual survival and 

reproductive success. This in turn gives information about the drivers of change in 

population size from year to year (Harrison et al. 2011). Many migratory bird species are 

currently in decline, but the specific causes are often unknown (Sanderson et al. 2006; 

Nebel et al. 2010). Identifying how carry-over effects result in population changes is 

complicated by the fact that individuals from the same breeding area may use different 

wintering sites (Ketterson and Nolan 1983), which may result in different carry-over 

effects. A population that uses a number of wintering sites and experiences different 

conditions may show different patterns of population change than a population that uses 

the same wintering site and experiences the same conditions. Models that incorporate 

carry-over effects and connectivity can help predict how populations will change with 

ecological changes such as habitat loss, habitat degradation, and climate change on the 

breeding and wintering grounds (Norris 2005; Norris and Taylor 2006), and thus inform 

decisions on what habitats should be protected. 

 

1.2 Purpose of Study 

Tree swallows (Tachycineta bicolor) are currently in decline; however, they are 

disproportionately declining east of Ontario (Nebel et al. 2010; Shutler et al. 2012).  

Although the causes of these declines are unknown, different breeding populations are 

known to use different stopover and wintering sites (Laughlin et al. 2013). If these sites 

differ in condition, they may differentially affect populations. In order to understand the 

factors driving tree swallow declines, especially those affecting populations in the 

northeast compared to the rest of North America, it is important to know the migratory 
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routes and wintering sites of tree swallows breeding in the northeast, and how conditions 

at each site affect fitness in subsequent seasons. 

The broad goal of my study, therefore, was to map the annual movements of adult 

tree swallows breeding in Nova Scotia that were tagged with geolocators. Specifically, I 

wanted to identify stopover and wintering sites and determine if events occurring in the 

breeding season influence migration events. I also took the opportunity to examine what 

effects, if any, geolocators had on tagged birds. Below, I will describe how geolocators 

are used to track migrating birds, my study site, and what is currently known about tree 

swallow movements in the migratory and wintering seasons. 

 

1.3 Geolocators 

Geolocators are small, inexpensive, non-transmitting light-level loggers that can 

be attached to birds via a leg ring or backpack harness. They are especially useful for 

tracking small birds that cannot carry larger tags like satellite tags. Geolocators sample 

light levels every minute and record the maximum light level during the previous five 

minutes. Using these data, graphs of light intensity are made and sunrise and sunset times 

can be estimated from the light curves. Sunrise and sunset provide four reference points: 

local midday and local midnight (with respect to Greenwich Mean Time), and day length 

and night length. Two location estimates are generated, one at noon and one at midnight. 

Latitude is determined by day or night length and longitude is determined by local 

midday or midnight (Afanasyev 2004). The location estimates can be plotted daily and 

this provides information about migration routes, distance, duration, rate, speed, 

stopovers, and wintering grounds. 
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Geolocators use light to estimate location, which results in some limitations. Due 

to light interference from factors such as vegetation, clouds, and varying topography, 

geolocators are not as accurate as transmitting tags like radio transmitters and satellite 

tags (Lisovski et al. 2012). Various studies have found errors of 400 ± 298 km (Shaffer et 

al. 2005), 186 ± 114 km (Phillips et al. 2004), and 143 ± 62 km in latitude and 50 ± 34 

km in longitude (Fudickar et al. 2011) from the true location. In addition, during the 

equinoxes, day and night length is the same everywhere, so latitude cannot be determined 

for approximately 15 days on either side of the equinox. 

Geolocators, like other tags, may have negative effects on the birds carrying the 

tags. For example, a recent review on the effects of geolocators on passerines and 

seabirds found a negative effect on return rates of tagged birds in 27 of 42 studies 

(Constantini and Moller 2013). Decreased hatching and fledging success have also been 

associated with geolocators (Rodriguez et al. 2009; Nisbet et al. 2011; but see 

Schmaljohann et al. 2012). However, other measurements such as nestling weight and 

nestling survival appear not to be affected by parents wearing tags, at least for common 

terns (Sterna hirundo, Nisbet et al. 2011) and northern wheatears (Oenanthe oenanthe, 

Tottrup et al. 2012). The weight of evidence from the recent reviews also suggests that 

geolocators may particularly affect aerial foragers, short distance migrants and small 

species (Bridge et al. 2013; Constantini and Moller 2013). 

The negative effects documented in geolocator tagged birds appear to be the result 

of increased energy requirements and decreased agility associated with the weight and 

shape of the tags and harnesses (Barron et al. 2010). Additional weight may affect lift and 

increase energy expenditure in flight (Caccamise and Hedin 1985) which is why 
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researchers aim to use tags that ≤ 5% of a bird’s body weight (e.g. Bachler et al. 2010; 

Nisbet et al. 2011; Callo et al. 2013). Even a small amount of extra weight could, 

however, increase energy requirements, which ultimately can affect reproductive success 

(Sibly and McCleery 1980), survival (Warner and Etter 1983), and behaviour (Hooge 

1991). As well, the shape of the tag may increase drag (Bowlin et al. 2010; Pennycuick et 

al. 2012), thereby increasing the energy needed for flight and decreasing agility. The 

addition of a harness increased drag as much as a harness with a transmitter, and tags 

with antennas increased drag to almost twice the level of an untagged bird (Pennycuick et 

al. 2012). Increases in drag decreased the predicted migration range of migrating 

common swifts (Apus apus) and Barnacle geese (Branta leucopsis) (Bowlin et al. 2010). 

 

1.4 Study Site 

Work was conducted at four well-established field sites in the Gaspereau Valley 

near Wolfville, Nova Scotia, Canada (45.07, -64.34; 45.07, -64.33; 45.07, -64.33; and 

45.09, -64.29). Sites consisted of open fields along the Gaspereau River or old apple 

orchards. All sites were set up with nest boxes measuring 30 x 15 x 15 cm. Data were 

collected from May to July in 2011, 2012 and 2013. 

 

1.5 Study Species 

 Tree swallows are small aerial insectivores (birds that eat flying insects while in 

flight) that breed in cavities throughout northern and central North America. Although 

they naturally nest in cavities in trees, tree swallows will readily breed in nest boxes 

(Chapman 1966), making them an ideal study species. They arrive on the breeding 
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grounds in Nova Scotia in April-May and begin breeding in May. Tree swallows have 

one clutch per season of 2 to 8 eggs and incubation lasts about 12 days (Winkler et al. 

2011). Both parents provision their young, and nestlings fledge when they are 18 – 22 

days old (Winkler et al. 2011). Tree swallows begin autumn migration in July and August 

and form large roosts at night while migrating and on the wintering grounds (Burney 

2002). Their winter range, from December to February, includes Florida, Mexico, 

northern Central America, Cuba, and other states along the Gulf coast (Winkler et al. 

2011). 

 There is currently very little information about the non-breeding locations of 

specific individuals and populations. Based on re-sightings of a small number of banded 

birds outside of the breeding season, tree swallows are thought to use three different 

migration routes, depending on their breeding locations (Butler 1988). Eastern 

populations are thought to migrate down the Atlantic coast to Florida, Cuba, and 

Honduras, while central populations migrate along the Mississippi River to the southern 

United States and Central America, and western populations migrate down the Rocky 

Mountains or Pacific coast (Butler 1988). Recent geolocator work has revealed that some 

tree swallows breeding in Saskatchewan, Wisconsin, and Ontario use stopover sites in 

Louisiana before continuing to wintering sites in Mexico, southeastern United States, and 

the Bahamas (Laughlin et al. 2013).  

 Only one study has been done on the effects of geolocators on tree swallows, 

which included birds breeding in British Columbia, Saskatchewan, and Ontario. 

Geolocator-tagged swallows in Saskatchewan showed no difference in provisioning rates 

(number of times per hour the adults feed the nestlings), nestling weight, or nestling 
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growth rate compared to untagged swallows (Gomez et al. 2014). Tagged swallows at all 

three sites also showed no difference in breeding success compared to untagged swallows 

(Gomez et al. 2014). However, tagged swallows breeding in British Columbia and 

Saskatchewan had significantly lower return rates than untagged swallows (Gomez et al. 

2014). 

 

1.6 Chapter Outlines 

The purpose of this study was to track adult tree swallows with light level 

geolocators over one year as they migrate to and from their wintering grounds. In chapter 

two, I map the migration routes of tagged tree swallows, including the location of 

stopovers and wintering grounds, and look for temporal patterns in their migration 

strategy. In chapter three, I examine if events that occur in the breeding season result in 

carry-over effects on migration decisions. In chapter four, I examine the effects of 

geolocators on return rate, reproductive success, and body condition. Finally, in chapter 

five I summarize my results, discuss the limitations of my study, and end with 

suggestions for future work. 
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CHAPTER 2: MIGRATION ROUTES OF TREE SWALLOWS 

 

2.1 Introduction 

In the last few decades, aerial insectivore populations across North America have 

been in decline (Nebel et al. 2010). In Canada, many populations have decreased by over 

70% since the late 1980s (McCracken 2008). Four aerial insectivores are listed as 

Threatened or Endangered under the Species at Risk Act (SARA) (chimney swifts 

Chaetura pelagica, olive-sided flycatchers Contopus cooperi, common nighthawks 

Chordeiles minor, Acadian flycatchers Empidonax virescens), while the Committee on 

the Status of Endangered Wildlife in Canada (COSEWIC) has recommended another two 

be listed as Threatened (barn swallows Hirundo rustica, bank swallows Riparia riparia). 

Interestingly, despite the variety of species included under aerial insectivores, 

there seem to be broad overall patterns associated with the magnitude of decline across 

North America. Populations that were more likely to be in decline were long-distance 

migrants rather than short-distance migrants, wintered in South America rather than 

Central America, or bred in the northeast rather than elsewhere in North America (Nebel 

et al. 2010). Although the declines have been drastic, the causes of these declines are 

currently unclear. Many reasons have been proposed, including habitat loss, atmospheric 

pollutants, increased predation on the breeding grounds, deforestation on wintering 

grounds in the tropics, or changes in insect populations in both locations (Bohning-Gaese 

et al. 1993; Newton 2008; Nebel et al. 2010). 

In order to understand the threats facing different aerial insectivores and where 

these threats are occurring, it is necessary to explore their complete annual cycle. For 
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example, researchers concerned that purple martin (Progne subis) populations in eastern 

North America are being affected by factors on the wintering grounds found that most 

purple martins wintered in mostly pristine rainforest, suggesting that stressors other than 

habitat degradation on the wintering grounds are causing the declines (Fraser et al. 2012). 

It also suggests that the rainforest is vital habitat for the eastern population of purple 

martins and should be kept free of development. Having a clear picture of the annual 

cycle can help identify important habitats required at each stage in the life cycle and aid 

in conservation decisions (Croxall et al. 2005). It can also reveal the degree of migratory 

connectivity (how many individuals from one breeding site use the same wintering site 

and vice versa) (Ryder et al. 2011), which can shed light on which populations are being 

affected by the threats in specific locations. All this information can be used to inform 

policy makers where resources should be allocated to best protect vulnerable species 

(Norris et al. 2006). Also, information about the different stressors and available 

resources associated with habitats that birds use annually can be incorporated into 

population models. Such models can be used to predict population changes that may 

result from habitat degradation or climate change, for example, allowing for the 

development of effective management plans (Norris and Taylor 2006). In order to make 

effective conservation decisions, the whole annual cycle must be revealed, from breeding 

sites in the north to wintering sites in the south and back again, including stopover sites 

and important migratory corridors. 

The first attempt to determine where individual migratory birds overwintered was 

by banding birds in the breeding season and recapturing them outside of the breeding 

season (Bairlein 2001). Although this method was valuable for revealing migratory routes 
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for waterfowl (Lincoln 1935), it was far less effective for passerines. For example, of 

over one million pied flycatchers (Ficedula hypoleuca) banded on the breeding grounds 

in Europe, a mere six were re-sighted on the wintering grounds in Africa (Webster et al. 

2002). With the advent of modern technology, satellite tags, which transmit real time 

locations, were used to track individual birds throughout the year (e.g. Gschweng et al. 

2008). Satellite tags have been useful for exploring the movements of large birds, but 

because of their size are unsuitable for birds <100g. Increasingly, light level geolocators, 

which use day length to estimate longitude and latitude, are being used to understand 

migration strategies and locate the wintering grounds of migratory birds (e.g. Stutchbury 

et al. 2009; Heckscher et al. 2011; Jahn et al. 2013). Although not as accurate as satellite 

tags, geolocators are currently the only option to track the movements of small birds that 

are unable to carry heavier tags. 

Geolocators have already begun to fill in the gaps in the annual cycles and 

migratory strategies of several aerial insectivores. For example, purple martins from 

seven colonies tagged with geolocators used several different routes to fly around or 

across the Gulf of Mexico en route to their wintering grounds in South America (Fraser et 

al. 2013). Despite following different routes, all individuals had an initial rapid journey to 

a stopover site, followed by a slower migration rate to the wintering grounds. As well, 

late departing birds arrived later on the wintering grounds and had a faster rate of 

migration overall (Fraser et al. 2013). Similarly, work with geolocators showed that 

individual fork-tailed flycatchers (Tyrannus savana) used two different wintering sites, a 

pattern that seems to be more common across species than previously thought (Jahn et al. 
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2013). These studies have provided insights into the migratory movements of individuals 

from different populations, important habitats, and the temporal patterns of migration. 

Another species for which there has been some effort to identify migratory routes 

and wintering sites is the tree swallow. Some tree swallows from Saskatchewan, Ontario 

and Wisconsin had a stopover in Louisiana before continuing on to their wintering 

grounds in Florida, the Bahamas, or the Yucatan Peninsula (Laughlin et al. 2013); 

however, not all individuals followed this route, and it is likely that stopover and 

wintering sites vary across North America. Therefore it is important to study populations 

across the breeding range to have a holistic view. It is especially important that 

information on stopovers and wintering grounds is collected for swallows in northeastern 

North America, as declines in this area are higher than anywhere else (Nebel et al. 2010). 

Based on the Breeding Bird Survey, the average annual percent change in population 

from 2002-2012 for tree swallows in Canada was 0.289 (95% CI = -1.81, 3.84), but in 

Nova Scotia and Prince Edward Island it was -3.01 (95% CI = -6.4, -0.301) (Environment 

Canada 2013). 

The goal of my study was to describe the migration routes and examine the 

migration strategy of a population of tree swallows (Tachycineta bicolor) breeding in 

Nova Scotia, Canada. Specifically, I determined important stopover sites and wintering 

sites and calculated migration distance, duration, rate and speed. I also determined if tree 

swallows show any temporal patterns in their migration strategy by examining the timing 

of and relationships between different migratory events, such as the beginning and end of 

autumn migration. 
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2.2 Methods 

2.2.1 Study Species 

Tree swallows are small (~22 g) aerial insectivores that nest in tree cavities. They 

breed throughout northern and central North America, and begin autumn migration in 

July and August (Winkler et al. 2011), traveling to large roosts near the breeding grounds 

(Burney 2002) before continuing on to their wintering sites. 

Currently, researchers have only a general picture of where tree swallows go in 

the non-breeding season. Swallows have been observed in the Gulf Coast states, Mexico, 

northern Central America, and Cuba from December to February (Winkler et al. 2011). 

Recent geolocator work has revealed that some tree swallows breeding in Saskatchewan, 

Wisconsin, and Ontario use stopover sites in Louisiana before continuing on to wintering 

sites in Mexico, Florida, and the Bahamas (Laughlin et al. 2013). However, there is little 

information on where specific individuals from other populations overwinter. The current 

information on migratory routes is also only a broad sketch. Based on band recovery data 

from 41 birds (21 in the winter, 20 during the migratory period), Butler (1988) 

hypothesized that tree swallows use three migratory routes: 1) along the Atlantic coast to 

Florida, Cuba, and Honduras; 2) along the Mississippi River to the southern United States 

and Central America; and 3) down the Rocky Mountains or Pacific coast. 

 

2.2.2 Study Site 

I conducted this study from May to July, 2011, 2012, and 2013, on a population 

of box-nesting tree swallows at four study sites near Wolfville, Nova Scotia, Canada 

(45.07, -64.34; 45.07, -64.33; 45.07, -64.33; and 45.09, -64.29). Sites consisted of open 
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fields along the Gaspereau River or old apple orchards (see Leonard and Horn 1996 for 

more detail). I checked nest boxes every second day to determine when the first egg was 

laid and when incubation began. Nest boxes were not checked again until two days 

before the expected hatch date, when I checked them daily until hatch. When all eggs had 

hatched, nests were checked every second day, until day 18 (hatch day = day 1), when I 

again checked them daily to determine fledging day. 

 

2.2.3 Geolocators 

There were differences in the timing, attachment, and model of geolocators 

between years, so the procedure for each year is described separately. In 2011, 16 adult 

males and 14 adult females were caught with nest box traps when nestlings were ~4 days 

old and geolocators (Lotek Wireless model MK12-S) were attached using a leg loop 

harness made of 1 mm ethylenepropylene-diene rubber O-rings. The geolocators weighed 

0.96 g with the harness, which is ≤5% of tree swallow body weight (~22 g). This weight 

is considered acceptable based on regulations set by the Canadian Council on Animal 

Care (CCAC 2003, Fair et al. 2010). Swallows were weighed to the nearest 0.5 g and 

banded with a Canadian Wildlife Service (CWS) band. 

In 2012, 24 females (different females than the previous year) were removed from 

the nest box by hand two days before their expected hatch date. They were banded with a 

CWS band and an individual colour band to allow for the identification of the female 

later in the season, when geolocators were deployed. Females were weighed with a spring 

scale to the nearest 0.5 g and the tarsus was measured with digital calipers to the nearest 
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0.01 mm. All females were re-caught with nest box traps when their nestlings were 12-17 

days old, weighed again, and tagged with geolocators (Lotek Wireless model MK6740). 

The techniques I used to attach the geolocators in 2012 were identical to those 

used in 2011, with the following exceptions: 1) the geolocator plus harness varied in 

weight, but all were ≤1 g; and 2) a drop of cyanoacrylate adhesive (Krazy glue) was used 

to attach the main body of the geolocator to the female’s down, and then the surrounding 

feathers were arranged to cover the geolocator and reduce drag. 

I retrieved the geolocators in May and June of 2012 and 2013. I checked all 

females for geolocators by removing females from nest boxes during late incubation. I 

checked males for geolocators by trapping males during the nestling period using nest 

box traps. A total of 43 males were caught. Once I found a tagged bird, I removed the 

geolocator (if the swallow still carried it), weighed the swallow, and measured the tarsus. 

Data from the geolocators was downloaded and processed using BASTrack 

software (British Antarctic Survey [BAS], Cambridge, United Kingdom). The clock in 

the geolocator may become asynchronous with the actual time, which is known as clock 

drift, so I first corrected for this using Decompressor (BAS). Light transitions were 

displayed with TransEdit2 (BAS) using a light threshold value of 5 on the arbitrary scale 

of 0 to 64 to define sunrise and sunset times. I removed false sunrises and sunsets that 

resulted from crossing this threshold during the day due to shading. Each geolocator was 

calibrated with an on-bird calibration using LocatorAid (BAS), using the sunrise and 

sunset light transition curves from the 6-10 days after fledging when the adult was still at 

or near the breeding site (following Laughlin et al. 2013). Calibrating each geolocator in 

this way accounts for differences in the sensitivity of the light sensor and shading that 
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might be caused by the bird’s behaviour, and gives a measure of the sun elevation angle 

that matches with the chosen light threshold value used in TransEdit2. Tree swallows 

most likely use the same kind of habitat throughout migration, so the sun elevation angle 

calculated on the breeding ground is acceptable for the duration of deployment (Laughlin 

et al. 2013). The calibration resulted in specific sun elevation angles for each geolocator, 

ranging from -3.23° to -4.71°. Using these individual sun elevation angles, deviation 

from the true breeding location was an average of 21.33 ± 21.17 km (mean ± SD; range 

6-68 km) in latitude and 28.89 ± 20.82 km (range 2-71 km) in longitude. Average 

location estimates during this period deviated from the breeding grounds by 40.22 ± 

22.01 km. The light transitions were then loaded into BirdTracker (BAS) with the 

individual sun elevation angles calculated previously, which provides two locations per 

day, one at noon and one at midnight. For the noon position, longitude is estimated using 

the time of local noon and latitude is estimated using day length. For the midnight 

position, longitude is estimated using the time of local midnight and latitude is estimated 

using night length. I only used midnight positions to plot the migratory path as swallows 

migrate during the day but are stationary at night (Winkler et al. 2011). I plotted these 

positions using ArcMap 10 (ESRI). 

Around the autumn and spring equinox, day and night length are the same 

everywhere and latitude cannot be estimated. Therefore, I removed transitions 15 to 20 

days on either side of the equinoxes (the equinox periods). I chose the length of this 

period based on previous studies (e.g. Heckscher et al. 2011; Ryder et al. 2011; Callo et 

al. 2013; Laughlin et al. 2013) coupled with visual inspection of the data. Longitude is 

still accurate at this time, so I examined the longitude values during the equinox periods, 
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looking for any obvious directional changes that may indicate the beginning of spring 

migration. I also used the longitude values to look for periods where longitude stays 

constant, indicating a stopover. I was unable to identify the beginning of spring migration 

because the swallows tended to travel north up the Florida peninsula, following roughly 

the same longitude, and only began moving east after the spring equinox period was over 

(~15 days after the spring equinox). Therefore I could not see any east/west movements 

during the spring equinox period (end of February-beginning of April). 

I needed to define the beginning and end of migration and when stopovers 

occurred to describe the migration of each individual. Migration is defined as persistent, 

undistracted movement on a larger than daily scale resulting in a round trip between two 

or more home ranges (Fryxell et al. 2011). For each individual, the beginning of autumn 

and spring migration is defined as when the bird moves 1 degree or more in longitude or 

latitude south/southwest (away from the breeding location) or north/northeast (away from 

the wintering location) and does not return to that location for at least six months (Jahn et 

al. 2013). Stopovers are defined as occurring when the location remains consistent for at 

least two days before the individual continues migrating (Stutchbury et al. 2011). Arrival 

on the wintering grounds is defined as when latitude and longitude cease to shift south or 

southwest and longitude fluctuates no more than 4 degrees until the beginning of spring 

migration (Stutchbury et al. 2011). Arrival on the breeding grounds is defined as when 

latitude and longitude cease to shift north or northwest and longitude is less than or equal 

to 65 degrees (the longitude of the western end of Nova Scotia) until July.  

To estimate the location of each bird’s stopover and wintering sites, I calculated 

an average longitude and latitude using all midnight positions during the stopover or 
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wintering period (Stutchbury et al. 2011). If this coordinate was over water, I moved it 

latitudinally to the nearest land location (see Delmore et al. 2012; Heckscher et al. 2011; 

Laughlin et al. 2013), as tree swallows may migrate over bodies of water but not stopover 

or winter on the ocean. One average wintering location was moved longitudinally, 

however, as that geolocator had severe clock drift, which affects longitude. Migration 

information is presented as mean ± SD. 

To determine the migratory patterns followed by each individual, I considered: i) 

migration distance to be the straight line distance between the breeding site, any stopover 

sites, and the wintering site (Johnson et al. 2012); ii) duration of migration to be the 

number of days between the initiation of migration and arrival on the wintering ground 

(for autumn migration) or breeding ground (for spring migration) (Tottrup et al. 2012); 

iii) migration rate to be the distance divided by the duration, including stopover days 

(Fraser et al. 2013); iv) flying days to be the duration of migration minus the number of 

stopover days; and v) migration speed to be the migration distance divided by the number 

of flying days (Schmaljohann et al. 2012). 

 

2.2.4 Statistical Analysis 

I created kernel density distribution maps (ArcMap 10.0, ESRI) for each bird to 

determine the core area during their time on the wintering grounds using a search radius 

of 200 km and a cell size for the output raster dataset of 50 km (Phillips et al. 2004; 

Landers et al. 2011). This means a smooth surface is fitted over each point extending for 

200 km, with the highest surface value at the peak and no value at the edges. Density is 
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calculated by summing the surface values that overlap the center of the raster cell. My 

maps show 50%, 75%, and 90% kernel density. 

I performed all statistical analyses using GraphPad Prism 5 (San Diego, 

California, GraphPad Software). Data were tested for normality using the D’Agostino 

and Pearson omnibus normality test. To look for patterns in the migration strategies of 

this population, I used Pearson (or Spearman for non-parametric data) correlations. 

Specifically, I determined if a later autumn departure resulted in a later arrival on the 

wintering grounds or a later arrival at the breeding site the following year. I also 

determined if a later departure in autumn resulted in a faster migration rate, and if birds 

that migrated farther had a faster migration rate. Results were considered significant 

when P ≤ 0.05.  

 

2.3 Results 

In 2012, eight of the 30 (26.7%) swallows that had been fitted with geolocators in 

2011 returned to the study sites (5 females, 3 males), although two swallows returned 

without their geolocators. Of the six geolocators recovered, one did not have recoverable 

data. Of the five remaining geolocators, four were carried by females and one was carried 

by a male. In 2013, nine of 24 (37.5%) tagged female swallows returned to the study 

sites; however, four returned without geolocators. Of the five geolocators recovered, one 

did not have useable data due to very severe clock drift. Therefore, in total 17 of 54 

(31.5%) tagged birds returned to the study sites, with nine usable geolocators (16.7%). 

 The initiation of autumn migration ranged from 9 – 18 July in 2011 and 1 – 12 

July in 2012 (Table 2.1). All birds had an extended stopover in the northeastern United 



 20 

States lasting an average of 68.2 ± 22.1 days (range: 39-101 days). Following this, six of 

the nine swallows had a stopover in North Carolina until late October to early November 

(Tables 2.1 and 2.2). The other three swallows used different stopover sites or did not 

have a second stopover (Table 2.2). The geolocator carried by bird 164 had severe clock 

drift, so even with the correction its movements must be interpreted with caution. All 

birds then proceeded to their wintering grounds. Four swallows wintered in southern 

Florida and five swallows wintered in Cuba (Table 2.2). In 2011, the swallows arrived at 

their wintering grounds between 27 October and 19 November. In 2012, they arrived at 

their wintering grounds between 12 October and 9 November (Figures 2.1-2.10). 

Spring migration began in March or April, and occurred during the equinox 

period so I could not determine the start of migration. The tree swallows flew north into 

the southern United States before moving northeast (Figures 2.1-2.9, Figure 2.11). They 

all had two or three short stopovers after the equinox period ended, except bird 436 

(male) that only stopped over once (Table 2.1). The stopover sites followed no consistent 

geographical pattern, with stopover sites falling in Georgia, Virginia, North Carolina, 

South Carolina, Delaware, Massachusetts, Pennsylvania, New York, and Maine (Table 

2.2). The swallows arrived in Nova Scotia between 17 April and 8 May in 2012 and 

between 21 April and 30 April in 2013 (Table 2.1). 

Autumn migration duration was 117.8 ± 12.9 days (range: 93-133 days), but on 

average, swallows spent only 12 days flying (range: 8-15 days). The average migration 

distance between the breeding grounds and wintering grounds was 2978.08 ± 188.13 km, 

resulting in an autumn migration rate of 25.62 ± 3.84 km/day (including stopovers). 

Autumn migration speed, using only flying days, was 256.87 ± 55.23 km/day (Table 2.3).
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Table 2.1: Timeline of migration events for geolocator tagged tree swallows in 2011/12 

and 2012/13. Question marks denote unknown dates and dates estimated from longitude 

data only. The geolocator of Bird 164 had severe clock drift so its movements must be 

interpreted with caution. 
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Table 2.2: Approximate locations of stopover and wintering sites of geolocator tagged 

tree swallows in 2011/12 and 2012/13. The geolocator of Bird 164 had severe clock drift 

so its movements must be interpreted with caution. 
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Bird (Sex) Duration (days) Distance (km) Rate (km/day) Speed (km/day)

436 (M) 115 3054.98 26.57 203.67

766 (F) 115 2696.33 23.45 224.69

765 (F) 105 3037.62 28.93 379.70

441 (F) 133 3132.00 23.55 284.73

439 (F) 118 3127.46 26.50 223.39

006 (F) 128 2809.48 21.95 234.12

007 (F) 122 2700.08 22.13 270.01

043 (F) 131 3100.94 23.67 281.90

164 (F) 93 3143.88 33.81 209.59

Average 117.78 2978.08 25.62 256.87

S.D. 12.85 188.13 3.84 55.23

Table 2.3: Autumn migration duration, distance, rate, and speed of geolocator tagged tree 

swallows in 2011 (birds 436 to 439) and 2012 (birds 006 to 164). Mean and standard 

deviation (SD) are also presented. 
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The obscuring of data around the spring equinox made it difficult to estimate 

spring migration duration, rate, and speed. Despite this difficulty, the minimum and 

maximum duration can still be determined. If each bird began migration one day into the 

equinox period, the average maximum duration of spring migration is 53 days (range: 43 

– 64 days). If each bird began migration one day before the end of the equinox period, the 

average minimum duration is 23 days (range: 13 – 34 days). Spring migration duration, 

therefore, must be between 13 and 64 days for each bird. The maximum and minimum 

average duration are both much shorter than autumn migration duration, and therefore 

spring migration is shorter than autumn migration. Spring migration distance was 

3014.91 ± 277.82 km, and individuals did not migrate significantly farther during spring 

migration than autumn migration (tpaired = 0.53, df = 8, P = 0.61). Given that the distances 

do not differ significantly, and that the duration of migration in spring is much shorter 

than in the autumn, spring migration rate must be faster than the autumn migration rate. 

There was no significant relationship between when a bird began autumn 

migration and when it arrived on the wintering grounds (rs = -0.28, n = 9, P = 0.46), nor 

between when it departed from the first stopover site in the northeastern US and arrived 

on the wintering grounds (rs = 0.37, n = 9, P = 0.31). Similarly, there was no significant 

correlation between the timing of autumn departure from the breeding grounds and spring 

return to the breeding grounds the following year (r = 0.15, n = 9, P = 0.69). It might be 

expected that birds starting migration later or traveling farther would travel faster, but 

autumn migration rate was not significantly correlated with autumn migration initiation (r 

= 0.52, n = 9, P = 0.14) or autumn migration distance (r = 0.59, n = 9, P = 0.10). 
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Figure 2.1: Migration route of bird 436 (male) from July 2011-April 2012. Red dots 

indicate locations of stopovers and wintering site. Density contours reflect 50%, 75% and 

90% kernel density. Dates with “?” indicate estimates made from longitude data only 

(during equinox). 
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Figure 2.2: Migration route of bird 766 (female) from July 2011-April 2012. Red dots 

indicate locations of stopovers and wintering site. Density contours reflect 50%, 75% and 

90% kernel density. Dates with “?” indicate estimates made from longitude data only 

(during equinox). 
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Figure 2.3: Migration route of bird 765 (female) from July 2011-May 2012. Red dots 

indicate locations of stopovers and wintering site. Density contours reflect 50%, 75% and 

90% kernel density. Dates with “?” indicate estimates made from longitude data only 

(during equinox). 
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Figure 2.4: Migration route of bird 441 (female) from July 2011-May 2012. Red dots 

indicate locations of stopovers and wintering site. Density contours reflect 50%, 75% and 

90% kernel density. Dates with “?” indicate estimates made from longitude data only 

(during equinox). 
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Figure 2.5: Migration route of bird 439 (female) from July 2011-May 2012. Red dots 

indicate locations of stopovers and wintering site. Density contours reflect 50%, 75% and 

90% kernel density. Dates with “?” indicate estimates made from longitude data only 

(during equinox). 

 



 30 

 
Figure 2.6: Migration route of bird 006 (female) from July 2012-April 2013. Red dots 

indicate locations of stopovers and wintering site. Density contours reflect 50%, 75% and 

90% kernel density. Dates with “?” indicate estimates made from longitude data only 

(during equinox). 
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Figure 2.7: Migration route of bird 007 (female) from July 2012-April 2013. Red dots 

indicate locations of stopovers and wintering site. Density contours reflect 50%, 75% and 

90% kernel density. Dates with “?” indicate estimates made from longitude data only 

(during equinox). 
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Figure 2.8: Migration route of bird 043 (female) from July 2012-April 2013. Red dots 

indicate locations of stopovers and wintering site. Density contours reflect 50%, 75% and 

90% kernel density. Dates with “?” indicate estimates made from longitude data only 

(during equinox). 
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Figure 2.9: Migration route of bird 164 (female) from July 2012-April 2013. Red dots 

indicate locations of stopovers and wintering site. Density contours reflect 50%, 75% and 

90% kernel density. Dates with “?” indicate estimates made from longitude data only 

(during equinox). This bird had severe clock drift so movements must be interpreted with 

caution. 
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Figure 2.10: Autumn migration routes of all geolocator-tagged birds. Individually colour-

coded points indicate the breeding grounds, stopover sites, and wintering sites. 
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Figure 2.11: Spring migration routes of all geolocator-tagged birds. Individually colour-

coded points indicate breeding grounds, stopover sites, and wintering sites. 
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2.4 Discussion 

Tree swallows breeding in Nova Scotia began migration in July almost 

immediately post-breeding. All nine swallows had a long initial stopover in the 

northeastern United States from July until August or September, followed by a shorter 

stopover along the coast in October, before wintering in southern Florida or Cuba from 

November until March or April. Due to lengthy stopovers in the autumn, the duration of 

autumn migration is longer than the duration of spring migration, and consequently the 

rate of migration in spring is much faster than in autumn. No correlations between 

migratory events were found in this population. 

The timing and location of autumn stopovers of birds in this study is consistent 

with a previous study that looked at the location of swallow roosts during autumn 

migration (Burney 2002). Swallows spend their nights in the non-breeding season in 

roosts. Roosts of 600 – 124 000 swallows (mostly tree swallows) in Montezuma National 

Wildlife Refuge, New York, were found from late July until late October (Burney 2002). 

Large roosts along the mid Atlantic coast were also noted in September, while Florida 

had many large roosts from December to March (Burney 2002). This study also supports 

Butler’s (1988) hypothesis that northeastern populations migrate down the Atlantic coast 

to Florida and Cuba. 

Although there are some similarities in migration strategy between individuals in 

the non-breeding season, there are also some interesting differences within and between 

individuals. First, unlike the females, the male swallow had only one autumn and spring 

stopover. The male also arrived back on the breeding grounds nine days earlier than the 

females in 2012. Although one male does not provide evidence of a pattern, male birds 
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often arrive at the breeding grounds before females to claim good quality territories that 

will attract good quality mates (Morbey and Ydenberg 2001).  

Second, four swallows wintered in Florida while five swallows continued on to 

Cuba. The swallows that wintered in Cuba spent one day flying from Florida to Cuba, so 

this decision does not seem to be energetically costly. Also, the average locations of 

individual tree swallows at each wintering site were not very far from one another (Figure 

2.10), suggesting that tree swallows from this population may spend the winter together. 

However, due to the error inherent with geolocators it is impossible to know with any 

certainty at this time. Another study found that eight tree swallows breeding in 

Saskatchewan migrated to four different wintering locations (southern USA, the 

Bahamas, eastern Mexico, and the Yucatan Peninsula) while two swallows breeding in 

Wisconsin wintered at different sites (eastern Mexico and Florida), illustrating that not all 

individuals from the same breeding population use the same wintering grounds (Laughlin 

et al. 2013). 

Third, it is interesting that spring migration routes are not as similar as autumn 

migration routes. Since spring migration occurs in 1-2 months rather than the 3-4 months 

of that in autumn, each swallow during spring migration may be moving as quickly as 

possible, only stopping when necessary due to poor weather or to refuel, resulting in the 

use of different stopover sites. The spring migration routes and stopovers of other species 

also often differ from their autumn migration routes and stopovers (Heckscher et al. 

2011; Delmore et al. 2012; Callo et al. 2013), although the reasons are not clear. 

 Stopovers during migration are often necessary for birds to rest, refuel, or molt 

(Warnock 2010). The long autumn stopover (39-101 days) of the swallows in the study 
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population may be related to molt, food availability, or poor condition. Tree swallows 

molt between mid-July and mid-November (Stutchbury and Rohwer 1990) and it is 

possible that molt of flight feathers in this population is mostly completed while stopping 

over in the northeastern US. The large numbers of roosting swallows in the northeastern 

US found by Burney (2002) also suggest there are many good quality roosting sites in 

this area with sufficient food to support many birds as they increase their energy stores 

for migration. Tree swallows from breeding populations in Saskatchewan, Ontario, and 

Wisconsin had an extended stopover of about one month in Louisiana, roosting in 

wetlands and sugarcane fields (Laughlin et al. 2013). At this time, however, molt was 

already complete, and most birds left during the sugarcane harvest, suggesting this 

location may be a good quality site for roosting (Laughlin et al. 2013). Other migrating 

aerial insectivores also have extended stopovers. For example, western kingbirds 

(Tyrannus verticalis) breeding in Oklahoma spent 62-85 days in northern Mexico before 

migrating to their wintering areas in central Mexico (Jahn et al. 2013). The stopover is 

thought to coincide with an increase in food due to the monsoon season, and is likely to 

co-occur with molt (Jahn et al. 2013). Purple martins (Progne subis) also spend about a 

month at pre-migratory roosts near their breeding grounds before rapidly migrating to 

Central America, likely to increase energy stores before continuing migration (Fraser et 

al. 2013). Based on these studies, long autumn stopovers seem to be a common 

occurrence for migrating aerial insectivores in North America. 

Individual birds did not seem to consistently arrive late or early throughout the 

annual cycle, and migration rate was not correlated with migration distance or with date 

of departure from the breeding site. These findings are surprising, as other studies have 
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found temporal relationships in passerine migration. For example, purple martins showed 

significant positive relationships between autumn migration initiation and arrival on the 

wintering grounds (Fraser et al. 2013). As well, red-backed shrikes (Lanius collurio) had 

a positive relationship between autumn migration initiation and arrival on the wintering 

grounds, as well as arrival on the breeding grounds the following spring, suggesting that 

individual birds are consistently early or late (Tottrup et al. 2012). Tree swallows may not 

show these relationships because their long stopovers in the northeastern US and along 

the mid-Atlantic coast may give even birds in poor condition enough time to improve 

their body condition so that they all arrive at their wintering grounds around the same 

date.  

Understanding where swallows from different populations stop over and spend 

the winter may help us understand what is causing the differential decline of aerial 

insectivores across North America. This study identified important stopover sites in the 

northeastern US and North Carolina, and wintering sites in Florida and Cuba for birds 

breeding in Nova Scotia. If all swallows from Nova Scotia stop over and winter close 

together, they may be exposed to localized threats, and conservation efforts can be 

directed to these areas. If the migratory connectivity of different swallow populations can 

be determined through the use of geolocators, researchers can focus on protecting and 

improving the habitat of common areas in the hope of conserving and protecting swallow 

populations. 
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CHAPTER 3: CARRY-OVER EFFECTS IN TREE SWALLOWS 

 

3.1 Introduction 

In North America, much research on migratory birds is conducted during the 

breeding season. However, migratory birds spend only a few months on the breeding 

grounds, while the majority of the year is spent either at their wintering sites or on 

migration (e.g. Marra et al. 1998). Individuals are, however, likely to be affected by 

conditions throughout the annual cycle (Harrison et al. 2011); therefore, it is important to 

understand carry-over effects; that is, how conditions in one season affect fitness in a 

subsequent season (Norris and Marra 2007). 

Carry-over effects from conditions on the wintering grounds may affect spring 

migration and reproduction the next summer. Birds overwintering in poorer environments 

who are unable to maintain their body mass (e.g. Studds and Marra 2005; Johnson et al. 

2006) may begin spring migration later than those overwintering in good quality 

environments (e.g. Marra et al. 1998; Rockwell et al. 2012). This in turn can influence the 

timing of arrival on the breeding grounds (Marra et al. 1998; Rockwell et al. 2012) and 

the initiation of breeding (Sorensen et al. 2009). Breeding ground arrival time is 

especially important for males, who typically have to compete for territories and good 

quality mates (Morbey and Ydenberg 2001). Later arriving birds (Norris et al. 2004a; 

Rockwell et al. 2012) or birds in poor condition (Inger et al. 2010) are less likely to have 

high reproductive investment or successfully fledge their nestlings. Conditions on the 

wintering grounds can therefore affect both migration and reproductive success the 

following summer. 
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Similarly, events in the breeding season may also affect events following the 

breeding season, such as molt and migration. Delayed reproduction can cause an overlap 

of molt with reproduction (Morton 1992; Norris et al. 2004b), a faster molt before 

beginning migration (Conklin and Battley 2012), or a molt during migration (Norris et al. 

2004b), which may negatively affect feather characteristics such as colour, symmetry, 

strength, and durability (Dawson et al. 2000; Norris et al. 2004b). Molting is 

energetically expensive (Dawson et al. 2000), and a faster molt that affects feather quality 

may affect flying ability, while a late molt may deplete energy needed for migration 

(Dawson et al. 2000). Delayed reproduction or poor body condition following breeding 

can also result in delayed migration (Morton and Pereyra 1994; Stutchbury et al. 2011; 

Camacho 2013), potentially affecting migration strategy, such as stopover length. 

Further, adults that lose their nests may be in better condition at the end of the breeding 

season and may migrate earlier and overwinter farther from the breeding grounds where 

conditions might be better (Bogdanova et al. 2011). Alternatively, unsuccessfully 

reproducing adults in better condition may be able to withstand harsher conditions, and 

thus may winter closer to the breeding grounds, allowing them an earlier return in the 

spring and better access to high-quality territories (Catry et al. 2013). 

Carry-over effects can, therefore, potentially affect body condition and 

reproductive success, so it is important to understand how they impact bird populations. 

Understanding carry-over effects may be especially important for species such as aerial 

insectivores, which have experienced sharp declines in population size (McCracken 

2008; Nebel 2010). Until recently, however, it has been difficult, if not impossible, to 

track small migratory birds such as aerial insectivores throughout the year. The advent of 
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lightweight geolocators gives researchers the technology to uncover the full annual cycle 

of such birds and to therefore examine carry-over effects. 

The little work that has been done on aerial insectivores suggests that carry-over 

effects from the wintering grounds on the breeding grounds also affect these species. For 

example, barn swallows (Hirundo rustica) followed over a number of years arrived on 

the breeding grounds earlier in years when wintering sites had high primary productivity 

(high normalized difference vegetation index [NDVI]) than in years with low primary 

productivity (low NDVI) (Saino et al. 2004b), and began breeding earlier and fledged 

more young (Saino et al. 2004a,b). House martin (Delichon urbicum) and common swift 

(Apus apus) populations were also positively related to primary productivity on the 

putative wintering grounds (Ambrosini et al. 2011). It is likely that events in the breeding 

season also carry-over into migration, but there have been no studies to examine whether 

this occurs in aerial insectivores. 

The goal of this study was to examine the potential carry-over effects between 

breeding parameters and migration strategy in tree swallows breeding in Nova Scotia, 

Canada. Using geolocators, I determined if breeding parameters influenced migration by 

examining the relationships between brood size, fledging date, and female condition in 

the breeding season with autumn departure date, arrival on the wintering grounds, 

duration of migration, migration distance, migration rate, and the number of stopover 

days during autumn migration. 

I predicted that adults with larger broods would have later departure dates and 

longer stopovers than adults with smaller broods. Adults raising larger broods may have 

smaller fat stores after raising their young than birds with smaller broods (e.g. Nur 1984), 
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and if more time is required to increase energy stores, departure date and stopover length 

could be affected. I also predicted that adults with later fledging broods would depart the 

breeding grounds later and consequently arrive later on the wintering grounds than adults 

with early fledging broods. Finally, I predicted that birds in poor condition at the end of 

the breeding season would have delayed departure dates, longer stopovers, and slower 

migration rates than birds in better condition. Adults in poor condition at the end of the 

breeding season likely require more time to increase energy stores before migration than 

birds in good condition. 

 

3.2 Methods 

3.2.1 Study Site 

I performed this study on box-nesting tree swallows at four study sites near 

Wolfville, Nova Scotia, Canada (45.07, -64.34; 45.07, -64.33; 45.07, -64.33; and 45.09, -

64.29) from May to July 2011, 2012, and 2013 (see Leonard and Horn 1996 for details of 

the sites).  

 

3.2.2 Breeding Parameters 

I checked all nests every second day until the clutch was complete. I began 

checking nests again two days before the expected hatch day, and then I checked daily 

until all eggs had hatched. Nests were then checked every second day until day 18 (hatch 

day = day 1), when I checked nests daily until all nestlings had fledged. Fledging checks 

were done by covering the hole and opening the side just enough to see if there were 

nestlings inside. These late checks did not cause premature fledging. 
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3.2.3 Female Condition 

In 2012, I removed 40 incubating females by hand from their nests two days 

before the expected hatch day of their eggs. I banded them with a Canadian Wildlife 

Service (CWS) band and a colour band to differentiate them from males later in the 

season. To determine female condition, I weighed the birds with a spring scale to the 

nearest 0.5 g and took tarsus measurements with digital calipers to the nearest 0.01 mm at 

this time and again when geolocators were deployed on 24 of these 40 females (see 

below). Using the weight and tarsus measurements, I used a scaled mass index (SMI) (see 

Peig and Green 2009) to assign a measure of condition during incubation and at time of 

deployment to each female. Females with a higher SMI were considered to be in better 

condition than females with a lower SMI.  An additional 30 adult swallows were also 

tagged in 2011 (see below) as part of a different study but tarsus was not measured, so I 

do not have condition for these birds. 

 

3.2.4 Geolocators 

 In 2011, 30 adult tree swallows (16 males and 14 females) were caught with nest 

box traps and tagged with geolocators (Lotek Wireless model MK12-S) when their 

nestlings were ~4 days old. The geolocators were attached using a leg loop harness made 

of 1 mm ethylenepropylene-diene rubber O-rings and weighed 0.96 g with the harness 

(≤5% of tree swallow body weight (~22 g)). Swallows were also weighed and banded 

with a CWS band at this time. 

 In 2012, 24 adult female tree swallows were caught with nest box traps and 

tagged with geolocators (Lotek Wireless model MK6740) when their nestlings were 12-
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17 days old. I opted to tag females only because the recapture rate of males tagged the 

previous year was very low (see Chapter 4 for how females were selected). Geolocators 

were attached the same way as in 2011, but with the addition of a drop of cyanoacrylate 

adhesive (Krazy glue) on the geolocator to help secure it to the down. Geolocators with 

the harness weighed ≤1 g (≤5% of body weight). 

 I retrieved the geolocators in May and June of the year following deployment. All 

nesting females were checked for geolocators during incubation by removing the bird by 

hand from the nest. Forty-three males were also checked for geolocators during the 

nestling period in 2012 by trapping birds using nest box traps. When a tagged bird was 

recovered, I removed the geolocator and the bird was weighed and the tarsus measured. 

Eight of the 30 (26.7%) swallows fitted with geolocators in 2011 returned to the 

study sites in 2012. Of these eight, two returned without their geolocators and one 

returned with geolocators that had unrecoverable data (2 males, 1 female). Nine of the 24 

(37.5%) swallows tagged in 2012 returned to the study sites in 2013. Of these nine, four 

returned without geolocators, one returned with a geolocator that had unrecoverable data 

and one returned with a geolocator with such severe clock drift that it had to be excluded 

from the analyses. Therefore, in total, 17 of 54 (31.5%) tagged birds returned to the study 

sites, with eight geolocators (14.8%) providing data (1 male, 7 females). 

 

3.2.5 Migration Parameters 

Geolocator data were processed using BASTrack software (British Antarctic 

Survey) (see Chapter 2 for details). I considered the departure date for autumn migration 

to be the day when each bird moved 1 degree or more in longitude or latitude 
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south/southwest (away from the breeding grounds), without returning to that location 

until the following year (Jahn et al. 2013). I considered arrival on the wintering grounds 

to be when latitude and longitude ceased to shift south or southwest and longitude 

fluctuated by no more than 4 degrees until the beginning of spring migration, which was 

defined as the bird moving 1 degree or more in longitude or latitude north/northeast 

(away from the wintering grounds) and not returning to that location until after the tag is 

recovered (Jahn et al. 2013; Stutchbury et al. 2011). Migration duration was defined as 

the number of days between the autumn migration departure date and arrival on the 

wintering ground (Tottrup et al. 2012), while migration distance was defined as the 

straight line distance between the breeding grounds, any stopovers, and the wintering 

grounds (Johnson et al. 2012). I calculated migration rate by dividing migration distance 

by migration duration, including stopover days (Fraser et al. 2013). I considered the birds 

to be at a stopover site when their location remained consistent for at least two days 

before migration continued in a southerly direction (Stutchbury et al. 2011). Because all 

birds had an initial stopover of 39 - 101 days in the northeastern US (see Chapter 2), I 

also looked at the number of stopover days in the northeastern US separately from the 

total number of stopover days. 

 

3.2.6 Statistical Analysis 

I tested for inter-correlations amongst breeding parameters and found that egg 

initiation date and fledging date were highly correlated (r = 0.81, n = 28, P < 0.0001) and, 

therefore, include only fledging date in the analyses. As the later event, it seems the more 

likely of the two variables to affect migration parameters. Clutch size and brood size 
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were also highly correlated (r = 0.61, n = 35, P = 0.0001), so I restricted my analyses to 

examining only the effects of brood size on migration parameters. Condition at 

incubation and condition at deployment were also significantly correlated (r = 0.47, n = 

24, P = 0.02) so I only include condition at deployment in my analyses. Although there 

are correlations between some of the migration parameters (e.g. departure date and 

migration duration), I included all parameters in the analyses, as I was interested in how 

each was affected by breeding parameters. 

Because of the small sample size, I used Spearman’s correlations to compare 

breeding parameters with each migration parameter.  Although I potentially had 

information for eight tagged birds, for analyses involving brood size and fledging date I 

had a final sample size of six because the nests of two birds from 2011 were not 

monitored, so that information is not available. Also, I had information on condition for 

only three females, because only three birds tagged in 2012 returned with usable 

geolocator data in 2013. In the latter case, I did not analyze these data statistically, but 

rather graphed the data to look for trends. 

  

3.3 Results 

Brood size showed no significant relationships with any of the migration 

parameters that I measured (Table 3.1, Figure 3.1). Fledging date also showed no 

significant relationships with any of the migration parameters except autumn departure 

date (Table 3.1, Figure 3.2). Visual inspection of the graphs relating condition to 

migration parameters suggest that birds in better condition at deployment may spend less 

time at the stopover in the northeastern US than birds in poorer condition (Figure 3.3). 
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Table 3.1: Spearman correlations between breeding parameters (brood size, fledging 

date) and migration parameters (departure date, arrival date, duration, distance, rate, 

stopover length, and length of stopover in the northeastern United States [NE USA]). 

Significant P values are bolded. 

 

 

Breeding 

Parameter

Migration 

Parameter rs n P

Brood size Departure -0.26 6 0.66

Arrival 0.00 6 1.00

Duration 0.17 6 0.71

Distance 0.17 6 0.71

Rate -0.17 6 0.71

Stopovers 0.17 6 0.71

NE USA -0.68 6 0.14

Fledging date Departure 0.87 6 0.03

Arrival 0.00 6 1.00

Duration -0.67 6 0.17

Distance -0.23 6 0.66

Rate 0.38 6 0.50

Stopovers -0.67 6 0.18

NE USA 0.64 6 0.18
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Figure 3.1: The relationship between brood size and autumn departure date (Julian day); 

arrival on the wintering site (Julian day); duration of migration; migration distance (km); 

rate of migration (km/day); number of stopover days; and number of stopover days in the 

northeastern US in geolocator-tagged tree swallows (continued on page 48). 
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Figure 3.1 (cont.): The relationship between brood size and autumn departure date (Julian 

day); arrival on the wintering site (Julian day); duration of migration; migration distance 

(km); rate of migration (km/day); number of stopover days; and number of stopover days 

in the northeastern US in geolocator-tagged tree swallows. 
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Figure 3.2: The relationship between fledging date (Julian day) and autumn departure 

date (Julian day); arrival on the wintering site (Julian day); duration of migration; 

migration distance (km); rate of migration (km/day); number of stopover days; and 

number of stopover days in the northeastern US in geolocator-tagged tree swallows 

(continued on page 50). 
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Figure 3.2 (cont.): The relationship between fledging date (Julian day) and autumn 

departure date (Julian day); arrival on the wintering site (Julian day); duration of 

migration; migration distance (km); rate of migration (km/day); number of stopover days; 

and number of stopover days in the northeastern US in geolocator-tagged tree swallows. 
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Figure 3.3: The relationship between condition at deployment and autumn departure date 

(Julian day); arrival on the wintering site (Julian day); duration of migration (days); 

migration distance (km); rate of migration (km/day); number of stopover days; and 

number of stopover days in the northeastern US in geolocator-tagged tree swallows. 

Condition is calculated using the scaled mass index (SMI) and is in grams. A higher SMI 

indicates better condition (continued on page 52).
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Figure 3.3 (cont.): The relationship between condition at deployment and autumn 

departure date (Julian day); arrival on the wintering site (Julian day); duration of 

migration (days); migration distance (km); rate of migration (km/day); number of 

stopover days; and number of stopover days in the northeastern US in geolocator-tagged 

tree swallows. Condition is calculated using the scaled mass index (SMI) and is in grams. 

A higher SMI indicates better condition.
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3.4 Discussion 

I found that tree swallows with late-fledging nestlings began autumn migration 

significantly later than those with early-fledging nestlings. Although my sample size was 

very small, there was also some suggestion that swallows in better condition at 

deployment spent less time at the stopover in the northeastern US than those in poorer 

condition. Otherwise, there were no significant relationships among breeding and 

migration parameters. 

To my knowledge there have been no studies examining the relationship between 

brood size and migration parameters. One possibility is that females only lay as many 

eggs and hatch as many young as they can care for, with better quality females laying 

more eggs earlier than poorer quality females (Nur 1986). My population showed a near 

significant relationship between condition during incubation and brood size (r = 0.31, n = 

34, P = 0.08). If females limit their brood size according to their quality, larger broods 

may not cost good-quality females more than small broods cost poor-quality females, and 

therefore there might be no expectations for a relationship between brood size and 

migration parameters. Another possibility is that there may be a relationship but I do not 

have the power to detect a difference in the relationships between breeding parameters, 

such as brood size, and migration strategy. 

Swallows with later fledging nestlings began autumn migration later than those 

with earlier fledging nestlings. This result is consistent with studies done on savannah 

sparrows (Passerculus sandwichensis) and white-crowned sparrows (Zonotrichia 

leucophrys oriantha) that showed departure from the breeding grounds was positively 

correlated with the date of breeding completion (Morton and Pereyra 1994; Mitchell et al. 
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2012). These studies, however, did not follow individuals during migration so it is 

unknown if fledging date had further effects on migration strategy. 

Despite a later departure, birds with later fledging nestlings did not arrive later on 

the wintering grounds than birds with earlier fledging nestlings. Post-hoc tests reveal a 

negative relationship between departure date and duration of migration (r = -0.77, n = 8, 

P = 0.025) and between departure date and the number of stopover days (r = -0.83, n = 8, 

P = 0.01). This relationship suggests that swallows are able to compensate for a delayed 

departure during migration by spending less time at stopover sites rather than flying 

faster. Similarly, wood thrushes (Hylocichla mustelina) departing the breeding grounds 

later had shorter stopovers and arrived on the wintering grounds at the same time as 

earlier departing birds (Stuchbury et al. 2011). Late departing Cory’s shearwaters 

(Calonectris diomedea) also arrived on the wintering grounds at the same time as early 

departing birds (Catry et al. 2013). In contrast, the arrival of purple martins (Progne 

subis) on the wintering grounds was largely predicted by departure date from the 

breeding grounds (Fraser et al. 2013).  

The importance of an early arrival on the wintering grounds may depend on 

whether or not a species is territorial during the winter. If a species is territorial in the 

winter, it may be beneficial to arrive earlier on the wintering grounds to claim good 

quality winter territories (Brown and Sherry 2008). If a species is not territorial, like tree 

swallows, arrival time may not be as important. However, early departing swallows may 

benefit from increased time at stopovers in order to increase energy reserves and decrease 

the chance of mortality during migration (Stutchbury et al. 2011), thereby arriving at the 

wintering grounds at the same time as later departing swallows. Alternatively, swallows 
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may quickly migrate to large roosts and then continue migration en masse when 

environmental conditions decline. 

 Swallows in better condition at the time of geolocator deployment seemed to 

spend fewer days at the stopover in the northeastern US. These results suggest an 

interesting pattern but with such a small sample size, more data are needed to say 

anything with certainty. Other studies have, however, shown similar results. For example, 

wood thrushes in better condition at the end of the breeding season crossed into the 

tropics earlier than those in poorer condition (Stutchbury et al. 2011). Similarly, adult 

bluethroats (Luscinia svecica) and spotted flycatchers (Muscicapa striata) with larger fat 

stores spent less time at stopovers than adults with smaller fat stores (Biebach 1985; 

Ellegren 1991). Swallows from my study population that were in better condition at the 

end of the breeding period tended to have earlier fledging dates (r = -0.45, n = 19, P = 

0.055), so the shorter initial stopover is not likely related to making up time during 

migration. Instead, shorter stopovers may occur because swallows in better condition 

require less time at the first stopover to build energy reserves before continuing on with 

their migration (Biebach 1985). 

This study revealed for the first time that breeding parameters have carry-over 

effects on migration in tree swallows. Fledging date especially seems to affect migration 

strategy, with adults raising late-fledging nestlings departing later in the autumn than 

those with early-fledged nestlings, but compensating for this by spending less time at 

stopover sites in order to arrive on the wintering grounds around the same time as earlier 

departing birds. Unfortunately, my sample size was small and so I was unable to explore 

some relationships in as much depth as originally planned. My results suggest that tree 
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swallows may be able to adjust their migration strategy according to their circumstances. 

This might enable swallows to compensate during migration for shifts in the timing of 

breeding, for example due to poor weather or changes in insect availability. 
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CHAPTER 4: THE EFFECTS OF GEOLOCATORS ON TREE SWALLOWS 

 

4.1 Introduction 

Advances in technology have allowed researchers to probe further into the 

intricacies of the natural world. One area that has long been of interest is the movement 

of birds, both within the breeding season and during migration to wintering sites (Carlisle 

et al. 2009). Tracking birds visually is a difficult task due to their size and mobility, and it 

is nearly impossible to physically follow an individual during migration. However, 

various technologies have been developed to help researchers locate and track individual 

birds. 

Simple approaches, such as banding, and more advanced approaches, including 

technology such as radio transmitters and satellite tags, have all contributed to our 

knowledge of bird movements. The earliest and most basic approach, banding, involves 

attaching metal or coloured bands to the bird’s leg in the breeding season and then re-

sighting or recapturing the banded birds in the non-breeding season. Banding has been 

used to identify migration routes and wintering locations (e.g. Butler 1988), but banded 

birds are re-sighted infrequently, reducing its effectiveness for tracking individuals. 

Radio transmitters, which transmit radio waves that can be picked up with an antenna, 

allow researchers to precisely locate tagged birds, but only within a limited range. Radio 

transmitters have revealed small-scale movements in the breeding season such as habitat 

use (e.g. Macias-Duarte and Panjabi 2013) and dispersal (e.g. King and Belthoff 2001), 

and helped determine home range size (e.g. Mrykalo et al. 2011). However, radio 

transmitters cannot be used for tracking birds over long distances or over physical 



 60 

barriers such as oceans. Alternatively, satellite tags, which transmit real time locations 

via satellite, allow researchers to determine the location of the bird over large spatial and 

temporal scales and have been used to identify migration routes and wintering sites of 

several species (e.g. Gschweng et al. 2008). Satellite tags are, however, heavy, and their 

use is limited to larger birds (>100 g). Although these various technologies have been 

successful in studying bird movements, they all have some limitations. In addition, they 

may have associated costs for the birds carrying the tags. 

Reviews on the costs of tags have found mixed results (radio tags and data 

loggers: Calvo and Furness 1992; radio tags: Godfrey and Bryant 2003; all tags: Barron 

et al. 2010). Radio transmitters, for example, have been associated with decreases in 

survival in gray partridges (Perdix perdix) (Carroll 1990), reproductive success in spotted 

owls (Strix occidentalis) (Foster et al. 1992), and parental investment in northern 

cardinals (Cardinalis cardinalis) (Barron et al. 2013), as well as changes in behaviour in 

acorn woodpeckers (Melanerpes formicivorus) (Hooge 1991). Satellite tags have been 

associated with decreases in survival in common eiders (Somateria mollissima) (Fast et 

al. 2011) and changes in provisioning behaviour in Cory’s shearwaters (Calonectris 

diomedea) (Villard et al. 2011). However, several other studies have found no effects of 

tags. For example, survival and body mass in Bicknell’s thrushes (Catharus bicknellii) 

(Townsend et al. 2012), reproductive success in snowy owls (Bubo scandiacus) (Therrien 

et al. 2012), parental investment in hooded warblers (Wilsonia citrina) (Neudorf and 

Pitcher 1997), and behaviour in northern gannets (Hamer et al. 2007) did not appear to be 

affected by various kinds of tags. The impact of tags may, therefore, depend on a variety 

of factors including differences in life history, foraging style and body size. The mixed 
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results of these studies suggest that it may take many studies across a variety of species to 

fully understand the effects of these tags, and that effects may be species-specific. 

In the last few years, geolocators, which rely on light levels to estimate longitude 

and latitude, have been increasingly used to reveal the migration routes and wintering 

grounds of birds that are too small to carry satellite tags (e.g. Stutchbury et al. 2009). It 

appears that geolocators, like other tags, may also have some negative effects on the 

bearer. A recent review covering a broad range of species found that geolocators were 

associated with lower return rates and poorer condition (Constantini and Moller 2013), 

and short-distance migrants and small species seemed to be particularly affected (Bridge 

et al. 2013; Constantini and Moller 2013). Decreased hatching and fledging success have 

also been associated with parents carrying geolocators in lesser kestrels (Falco 

naumanni) and common terns (Sterna hirundo) (Rodriguez et al. 2009; Nisbet et al. 2011; 

but see northern wheatears (Oenanthe oenanthe), Schmaljohann et al. 2012). However, 

other reproductive measures such as nestling weight and nestling survival appeared not to 

be affected by tagged parents in common terns and red-backed shrikes (Lanius collurio) 

(Nisbet et al. 2011; Tottrup et al. 2012). Geolocators, like other tags, seem to have mixed 

effects across species. 

Negative effects of tags are thought to be caused by increased energy 

requirements and changes in aerodynamics due to increased weight and drag (Barron et 

al. 2010; Constantini and Moller 2013). Heavier tags can decrease reproductive success 

(Sibly and McCleery 1980) and survival (Warner and Etter 1983), and change behaviour 

(Hooge 1991), likely because of increased energy requirements when carrying a heavy 

tag. Most researchers try to mitigate these effects by limiting the weight of their tags to 
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less than 3 or 5% of the bird’s body weight (e.g. Bachler et al. 2010; Nisbet et al. 2011; 

Arlt et al. 2013; Callo et al. 2013; Jahn et al. 2013). However, there seems to be no 

scientific reason for the adoption of this rule (Barron et al. 2010), and no difference in the 

effect size of a device weighing 3% of body weight vs. 5% of body weight (Barron et al. 

2010). Tags have also been shown to significantly increase drag, irrespective of 

attachment type, at least when examined on a preserved common swift (Apus apus) 

(Bowlin et al. 2010). The drag was higher, however, with a harness that wrapped over the 

wings than with a leg-loop harness (Bowlin et al. 2010). Similarly, in another study using 

live rose-coloured starlings (Sturnus roseus), a harness alone increased drag as much as a 

harness with an attachment, but drag was higher with the attachment of an antenna 

(Pennycuick et al. 2012). Increases in energy expenditure and changes in aerodynamics 

may reduce flying and foraging ability, which may in turn affect fitness (Barron et al. 

2010). 

Increases in weight or drag associated with geolocators seem to particularly affect 

aerial foragers, including aerial insectivores (Constantini and Moller 2013). Geolocators 

have increasingly been used to gather information on the life history and habitat use of 

aerial insectivores. The benefits of obtaining this information are obvious, but may be 

outweighed by the costs to the bird, especially as aerial insectivores are declining across 

North America (McCracken 2008; Nebel et al. 2010). More information regarding 

potential negative effects of geolocators on the survival and reproduction of aerial 

insectivores is needed to determine the costs, if any, of carrying these tags. 

The purpose of my study is to determine the effects of geolocators on female tree 

swallows breeding in Nova Scotia, Canada. Tree swallows are aerial insectivores that 
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migrate to the southern United States, Cuba, and Central America (Butler 1988; Chapter 

2). I compared return rates, reproductive success, and condition between geolocator-

tagged and untagged swallows. 

  

4.2 Methods 

4.2.1 Study Site 

I conducted this study from May to July 2012 and 2013 at two long-running study 

sites near Wolfville, Nova Scotia, Canada (45.07, -64.34; 45.07, -64.33; see Leonard and 

Horn 1996). 

 

4.2.2 Breeding Parameters and Female Condition 

I performed nest checks every two days starting on 7 May 2012 and 6 May 2013 

to determine clutch initiation dates. Once incubation began, nests were not checked again 

until two days before the expected hatch date. I then checked nests daily until all eggs 

had hatched, after which I checked them every second day until day 18 post-hatch (hatch 

day = day 1), when I again checked them daily to determine fledging date. I checked for 

fledging by covering the hole with my hand and opening the nest box just enough to see 

if there were still nestlings inside. These late checks did not cause premature fledging. 

I weighed nestlings with a spring scale to the nearest 0.5 g on day 6 or 7 post-

hatch, when they were in a period of rapid growth, and then again at day 13 post-hatch, 

when they reached their peak mass (McCarty 2001). At day 13, I also banded each 

nestling with a Canadian Wildlife Service (CWS) band. 
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In 2012, 40 female swallows were weighed with a spring scale to the nearest 0.5 g 

and tarsus was measured with digital calipers to the nearest 0.01 mm two days before the 

expected hatch date of their eggs. In 2013, all recaptured birds were weighed and 

measured again during incubation. I used weight and tarsus length to determine female 

condition in 2012 and 2013 using a scaled mass index (SMI) (see Peig and Green 2009). 

This index provides a predicted body mass for each individual standardized to the same 

tarsus length, to account for natural differences in weight due to size. A higher SMI, 

therefore, indicates better condition than a lower SMI. 

 

4.2.3 Geolocators 

In 2012, I removed 40 females from their nest boxes two days before the expected 

hatch date of their eggs and banded them with a CWS band and a colour band, so they 

could be distinguished from males later in the season when geolocators were deployed. I 

only tagged females because the recapture rate of males from the previous year was low. 

When nestlings were 12-17 days old, 24 of the 40 females were caught with nest 

box traps and tagged with geolocators. Due to the late arrival of the geolocators from the 

manufacturer and high rates of predation (see below), I could not select females at 

random for tagging. Therefore, once the tags arrived, I tagged the first 24 females I 

caught. I attached the geolocators (Lotek Wireless model MK6740) with a figure eight 

leg loop harness (≤1 g combined weight and ≤5% of adult body weight). Harnesses were 

made of 1mm ethylenepropylene-diene rubber O-rings. I used a drop of cyanoacrylate 

adhesive (Krazy glue) to attach the main body of the geolocator to the female’s down, 

and I arranged surrounding feathers to cover the geolocator and reduce drag. 
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In May and June 2013, I checked all incubating females for bands and geolocators 

once incubation began. I weighed and took tarsus measurements of all banded females; if 

the female had a geolocator it was removed before measurements were taken. 

 

4.2.4 Statistical Analysis 

My intention was to compare tagged and untagged birds that were matched for 

initiation dates and clutch sizes. Unfortunately, two problems occurred during the 2012 

field season that made doing so difficult. The first was that the geolocators arrived when 

the earliest breeders were preparing to fledge their young, meaning that females that 

received tags tended to be later breeders. The second problem was that one field site 

experienced an unusually high level of predation and so eight of the original 40 females 

abandoned their nests following predation. Ultimately then, not all untagged females 

were available as controls because many either began breeding significantly earlier than 

tagged birds or suffered predation whereas the tagged birds had not. Therefore, to match 

tagged and untagged birds as closely as possible, I restricted my groups to tagged and 

untagged females that initiated their nests within two days of each other, leaving me 17 

tagged and 15 untagged females before migration. Of these birds, 8 tagged and 4 

untagged females returned following migration and were used for post-migration 

comparisons of reproductive success and condition. For return rates, I restricted the 

comparison to untagged females that had not experienced complete nest predation 

because predation in the previous season could negatively influence return rates (Nesbitt 

Styrsky 2005). In this analysis, I had 17 tagged and 7 untagged females for comparison. 
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To determine if the tagged and untagged females initially differed from one 

another in 2012, I used two-tailed t-tests or Mann-Whitney U tests (when data were not 

normally distributed) to compare egg initiation date, clutch size, and condition between 

tagged and untagged swallows in 2012. Tagged and untagged females did not differ 

significantly in egg initiation dates (mean ± SE, tagged: Julian day 137.12 ± 1.77, 

untagged: Julian day 135.93 ± 2.17; U = 84.5, n1 = 17, n2 = 15, P = 0.11), clutch size 

(mean ± SE, tagged: 5.94 ± 0.16 eggs, untagged: 5.73 ± 0.15 eggs; t = 0.03, df = 30, P = 

0.36), or condition during incubation (mean ± SE, tagged: 22.79 ± 0.51 g, untagged: 

23.25 ± 0.54 g; t = 0.61, df = 29, P = 0.55). 

Then, to determine if tagged birds differed from untagged birds following 

migration, I used a chi-square test to examine if return rates differed between the two 

groups. I then used t-tests or Mann-Whitney U tests to compare egg initiation date, clutch 

size, fledging success (the proportion of nestlings fledged from the number of eggs laid), 

nestling weight at day 6/7 and day 13 post-hatch, and condition between tagged and 

untagged swallows in 2013. I also did within-individual comparisons using the subset of 

birds that returned from migration to look at variation between 2012 and 2013. I used 

repeated measures two-way ANOVAs with year and treatment (tagged, untagged) as 

variables to determine if egg initiation date, clutch size, and condition of tagged and 

untagged birds differed between 2012 and 2013. Fledging success and nestling weight 

were not included in this analysis because of the predation that occurred in 2012. 

I used GraphPad Prism 5 (San Diego, California, GraphPad Software) to perform 

all statistical analyses. Data were tested for normality using the D’Agostino and Pearson 

omnibus normality test. All t-tests were two-tailed. Results were considered significant 
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when P ≤ 0.05. Averages are presented as mean ± SE. Four tagged swallows lost their 

geolocators sometime during the year. I therefore conducted two sets of analyses when 

examining the effects of the tags. I compared all birds that were initially tagged and 

returned to the site (i.e. all tagged) versus the untagged birds. I also compared only those 

birds that returned still carrying a tag (i.e. return with tag) versus the untagged birds. 

 

4.3 Results 

4.3.1 Return Rate 

Return rates were not significantly different between tagged and untagged birds 

(χ
2
 = 0.035, df = 1, P = 0.85). Eight of 17 tagged females (47%) returned in 2013, with 

four still carrying geolocators, while three of seven untagged females (43%) returned. 

 

4.3.2 Breeding Parameters and Female Condition 

Across female comparison 

Among females that returned, there was no significant difference in egg initiation 

date, clutch size, fledging success, or average nestling weight between tagged and 

untagged females in 2013, including only females that returned with tags (Table 4.1, 

Figures 4.1-4.4).  
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Table 4.1: Mann-Whitney U tests of egg initiation date, clutch size, fledging success, and 

average nestling weight on day 6/7 and day 13 for untagged and tagged females (all 

tagged) in 2013, as well as untagged females and females that returned still carrying their 

geolocators (return with tag) in 2013. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

U n P U n P

Egg initiation 12.0 8, 4 0.55 6.0 4, 4 0.69

Clutch size 10.0 8, 4 0.32 3.5 4, 4 0.23

Fledging success 11.5 8, 4 0.46 8.0 4, 4 0.88

Nestling weight D6/7 11.0 8, 3 0.92 2.0 4, 3 0.23

Nestling weight D13 8.0 7, 3 0.67 4.0 3, 3 1.00

Return with tagAll tagged



 69 

 

 

 

 

 

 

 

 

 

Figure 4.1: Egg initiation date in 2013 for female tree swallows without (untagged) 

geolocators, with (tagged) geolocators, and those still carrying the geolocator (return with 

tag). Boxes represent the range between the first and third quartile and the line inside the 

box represents the median. Whiskers represent the minimum and maximum values. 
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Figure 4.2: Clutch size in 2013 of female tree swallows without (untagged) geolocators, 

with (tagged) geolocators, and those still carrying the geolocator (return with tag). Boxes 

represent the range between the first and third quartile and the line inside the box 

represents the median. Whiskers represent the minimum and maximum values. Arrows 

point to median. 
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Figure 4.3: Fledging success (proportion of fledged nestlings from the number of eggs 

laid) in 2013 for female tree swallows without (untagged) geolocators, with (tagged) 

geolocators, and those still carrying the geolocator (return with tag). Boxes represent the 

range between the first and third quartile and the line inside the box represents the 

median. Whiskers represent the minimum and maximum values. Arrow points to median. 
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Figure 4.4: Average weight (g) per nestling in 2013 from nests of female tree swallows 

without (untagged) geolocators, with (tagged) geolocators, and those still carrying 

geolocators (return with tag) on day 6/7 post-hatch and day 13 post-hatch where hatch 

day = day 1. Boxes represent the range between the first and third quartile and the line 

inside the box represents the median. Whiskers represent the minimum and maximum 

values. 
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Figure 4.5: Condition (represented by the scaled mass index) during incubation in 2013 

of female tree swallows without (untagged) and with (tagged) geolocators. Condition of 

tagged females that returned still carrying tags (return tag) and no longer carrying tags 

(return no tag) is also shown. Condition is represented by the scaled mass index (SMI), 

with higher numbers indicating better condition. Boxes represent the range between the 

first and third quartile and the line inside the box represents the median. Whiskers 

represent the minimum and maximum values. 
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The condition of tagged females did, however, differ significantly from untagged 

females (U = 3.5, n1 = 8, n2 = 4, P = 0.04), with tagged birds in poorer condition in 2013 

than untagged birds (Figure 4.5).  This result, however, appears to be based on the 

condition of the females that had been tagged but returned without their geolocators, 

which were in significantly poorer condition than untagged swallows (U = 0.0, n1 = 4, n2 

= 4, P = 0.03) (Figure 4.5). 

 

Within female comparison 

 There was no significant effect of year or treatment on egg initiation dates, but 

there was a significant interaction between year and treatment, with tagged females 

initiating nests later than untagged females in 2012 but earlier than untagged females in 

2013 (Table 4.2, Figure 4.6). 

There was no significant effect of year or treatment on clutch size, but there was a 

near significant interaction between year and treatment, with the mean clutch size similar 

for tagged and untagged females in 2012, but smaller for tagged females in 2013 and 

larger for untagged females in 2013 (Table 4.2, Figure 4.7). 

Finally, there was a significant effect of year on condition, with both tagged and 

untagged females in poorer condition in 2013 than in 2012, and a near significant effect 

of treatment on condition, with tagged birds in poorer condition than untagged birds in 

both 2012 and 2013. There was, however, no significant interaction between year and 

treatment (Table 4.2, Figure 4.8). 

 

 



 75 

 

 

 

Table 4.2: Repeated measures ANOVA for egg initiation date, clutch size and condition 

of tagged and untagged females in 2012 and 2013. Significant P values are bolded. 
 

 

 

 

 

 

 

 

 

Variable Sum of squares df F P

Egg Initiation Date Interaction 21.33 1, 10 9.64 0.01

Year 0.33 1, 10 0.15 0.71

Treatment 4.08 1, 10 0.32 0.58

Subjects 126.40 10, 10 5.71 0.006

Clutch Size Interaction 0.52 1, 10 3.97 0.07

Year 0.02 1, 10 0.16 0.7

Treatment 0.19 1, 10 0.19 0.67

Subjects 9.81 10, 10 7.48 0.002

Condition Interaction 0.01 1, 10 0.01 0.91

Year 15.65 1, 10 14.00 0.004

Treatment 16.14 1, 10 4.59 0.058

Subjects 35.19 10, 10 3.15 0.04
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Figure 4.6: Egg initiation dates of tagged (filled circles) (n = 8) and untagged (open 

circles) (n = 4) females in 2012 and 2013 (mean ± SE). 

 

 

 

Figure 4.7: Clutch size of tagged (filled circles) (n = 8) and untagged (open circles) (n = 

4) females in 2012 and 2013 (mean ± SE). 
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Figure 4.8: Condition of tagged (filled circles) (n = 8) and untagged (open circles) (n = 4) 

females in 2012 and 2013 (mean ± SE). Condition is represented by the scaled mass 

index (SMI), with higher numbers indicating better condition. 
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4.4 Discussion 

The results of my study showed that return rate, egg initiation date, clutch size, 

fledging success, and nestling weight did not differ significantly between tagged and 

untagged females that returned after migration. However, egg initiation date for tagged 

females was earlier in 2013 than in 2012. Tagged females were in poorer condition than 

untagged females in 2013, although this difference is likely because the subset of tagged 

swallows that returned were also in poorer condition in 2012 than the subset of untagged 

birds that returned. 

About half of the tagged birds that returned arrived without their geolocators. This 

was most likely due to the harness design. Harnesses were prepared in different sizes, 

with the intent to fit larger birds with larger harnesses. A few harnesses were, however, 

too large for even the largest swallows in this population, and so had to be modified, 

potentially creating a weak link in the harness. Other, unmodified harnesses may still 

have been too large, allowing the swallow to slip free of the geolocator. 

I found no significant difference in the return rates of tagged and untagged 

females. Contrary to my results, a previous study found lower return rates for geolocator 

tagged tree swallows breeding in Saskatchewan and British Columbia, although this was 

not the case for birds in Ontario (Gomez et al. 2014).  It is not clear why return rates 

differ across sites. One possibility is that because swallows from different breeding areas 

migrate to different winter locations (Laughlin et al. 2013; Chapter 2 of this study), they 

experience different conditions, thus differentially affecting return rates. Return rates of 

control birds also varied across sites (high in Ontario, intermediate in Saskatchewan, and 

low in British Columbia), suggesting that birds breeding in Saskatchewan and British 
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Columbia experienced harsher conditions during migration and on their wintering 

grounds than birds breeding in Ontario and Nova Scotia, which may be compounded for 

birds carrying tags. 

Although egg initiation date did not differ between tagged and untagged females 

in 2013, I did find a significant interaction between year and treatment. Untagged birds 

began laying earlier than tagged birds in 2012, but there was no difference between egg 

initiation dates of tagged and untagged birds in 2013. This result is consistent with tagged 

red-backed shrikes (Lanius collurio) that began breeding earlier upon return to the 

breeding site than the previous year (Tottrup et al. 2012). This result is not, however, 

consistent across all studies.  Northern wheatears (Oenanthe oenanthe) carrying 

geolocators arrived on the breeding grounds on average three days later, and initiated egg 

laying on average six days later than control birds (Arlt et al. 2013). Differences in the 

initiation of breeding may be caused by tagged and untagged birds wintering in different 

locations or in different quality habitats, resulting in different arrival times on the 

breeding grounds or different body conditions after migration (Arlt et al. 2013). 

I found no difference in clutch size, fledging success, or mean nestling weight 

between tagged and untagged swallows in 2013. To date, the few studies that have 

examined the effect of geolocators on reproductive success have also found no effect. For 

instance, clutch sizes of male northern wheatears tagged with geolocators the previous 

year did not differ significantly from those of untagged birds (Schmaljohann et al. 2012). 

Similarly, mean nestling weights and fledging success of tagged male and female tree 

swallows in Saskatchewan did not differ significantly from those of untagged swallows 

prior to migration (Gomez et al. 2014). One explanation for why tagged birds have 
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similar reproductive success to untagged birds may be that only good quality tagged 

females were able to survive the winter and return to breed, resulting in similar 

reproductive output between tagged and untagged birds. 

 Tagged swallows were in poorer condition than untagged swallows upon 

recapture in 2013. A significant effect of year and a nearly significant effect of treatment 

were, however, observed between tagged and untagged birds between 2012 and 2013, 

with both tagged and untagged birds returning in poorer condition in 2013, and the subset 

of tagged birds that returned being in poorer condition in both 2012 (before being tagged) 

and 2013 than the subset of untagged birds that returned. Therefore, the poor condition of 

tagged birds is likely not due to the geolocators. However, these results should be 

interpreted cautiously, as my sample size was small and a recent study suggested aerial 

insectivores may be particularly sensitive to changes in aerodynamics because of the 

amount of time they spend on the wing. Increases in drag may decrease foraging success 

or cause the bird to expend more energy in flight, resulting in poorer body condition 

(Barron et al. 2010; Constantini and Moller 2013). Poor body condition was also seen in 

common terns (Sterna hirundo) tagged with geolocators that lost so much body mass 

after tagging that the geolocators had to be removed (Nisbet et al. 2011). However, red-

backed shrikes showed no difference in mass after returning from migration compared to 

other untagged birds or from the their weight the previous year (Tottrup et al. 2012).  

 Overall, my results suggest that geolocators do not have a strong negative effect 

on tree swallow reproduction and condition in the short term. This conclusion should, 

however, be viewed with caution because my sample sizes were small, which limited the 

power of my tests to detect small differences. Studies examining the welfare of a species, 
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especially those in decline, should weigh the potential costs against the benefits of 

obtaining more information. Although no costs were detected in this study, it is 

recommended that new models of geolocators work to reduce drag, as well as weight, in 

order to have the least effect on the study species and provide the most realistic migration 

data. 
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CHAPTER 5: GENERAL DISCUSSION 

 

5.1 Summary 

 The purpose of my study was to record the migration routes and wintering 

grounds of tree swallows breeding in Nova Scotia, Canada (Chapter 2), examine if 

breeding events have carry-over effects on autumn migration (Chapter 3), and determine 

if geolocators have a negative effect on tree swallows (Chapter 4). 

In Chapter 2, I show that tree swallows breeding in Nova Scotia, Canada, begin 

autumn migration in July and migrate along the east coast of North America. The 

beginning of autumn migration is characterized by an extended stopover in the 

northeastern US. Many swallows have a second stopover in North Carolina. The 

swallows arrive at their wintering sites in Florida and Cuba in October and November. 

Spring migration is faster than autumn migration, beginning in March or early April and 

ending in late April to early May when birds arrive on the breeding grounds. Spring 

migration is also less uniform than autumn migration, with individuals using many 

different stopover sites. Tree swallows from this population show no temporal patterns in 

migration strategy; for example, autumn departure date does not predict arrival date on 

the wintering grounds, suggesting birds may individually adjust their migratory strategy. 

In Chapter 3, I find that my study population shows little evidence of carry-over 

effects from the breeding season on autumn migration. The only significant finding is that 

swallows with later fledging dates began migration later than swallows with earlier 

fledging dates. It is also possible that birds in poor condition spend more time stopped 

over in the northeastern US compared to birds in better condition, but these results are 
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based on a very small sample size, so must be viewed with caution. Overall, the results of 

this chapter suggest that late breeders and birds in poor condition at the end of the 

breeding season may require more time than early breeders and birds in better condition 

to recover energy stores before migration. 

Finally, in Chapter 4, I show that tree swallows tagged with geolocators had 

similar return rates and clutch sizes, fledging success, and nestling weights as untagged 

swallows after returning from migration. However, tagged swallows initiated egg laying 

earlier in 2013 than in 2012. Also, although tagged swallows were in poorer condition 

than untagged swallows after migration, the subset of tagged birds that returned were also 

in poorer condition than the subset of untagged birds that returned in 2012. Both tagged 

and untagged swallows showed declines in condition in 2013 compared to 2012. These 

results suggest geolocators may not have short term effects on survival and reproduction. 

However, these results should be interpreted cautiously due to a small sample size. 

 

5.2 Limitations 

 This study had some challenges due to the limitations of geolocators. I required 

the use of geolocators as they are currently the only tags capable of tracking small 

passerines through the annual cycle. However, because geolocators use light to estimate 

location, they do not give precise locations, resulting in daily errors of 143-400 km from 

the true location (Shaffer et al. 2005; Fudickar et al. 2011). This error means I was only 

able to give a broad estimate of the location of stopover sites and wintering sites. Using 

light to estimate location also results in problems around the autumn and spring 

equinoxes because day length is the same everywhere and, consequently, latitude 
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estimates are unreliable. I was, therefore, unable to determine when the swallows began 

spring migration, thereby preventing the determination of spring migration duration, rate, 

and speed. Furthermore, changes in aerodynamics due to the weight and drag of the 

geolocator may cause increases in energy expenditure which could in turn cause tagged 

birds to stopover more frequently or change where they overwinter, affecting the very 

information of interest (Bowlin et al. 2010). Unfortunately, this cannot be assessed 

because the migration routes and strategy of untagged birds are currently unknown. 

 Another limitation of the study is that migration routes and migration strategy 

(e.g. timing, speed) of male tree swallows is largely unknown. In 2011, geolocators were 

deployed on 16 males and 14 females. However, due to the low recapture rate of males, 

only females were tagged in 2012. This means that the migration routes and migration 

strategy of males is largely unknown and I was not able to compare males and females. 

The small sample size of returning birds also imposed some limitations on my 

study. I was not able to statistically analyze the relationship between condition and 

migration parameters, and even the analyses involving brood size and fledging date did 

not have much power to detect a difference.  

 

5.3 Future Work 

 This study followed tree swallows over two years and similar migration schedules 

and routes were seen in both annual cycles. However, it would be interesting to follow 

the same individuals over more than one year to determine if they are consistent in their 

use of stopover sites and wintering sites from year to year. Swallows with late fledging 

dates had late departure dates, but there was no relationship between departure date and 
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arrival on the wintering grounds, suggesting that individuals may adjust their migration 

strategy. If swallows have a flexible migration strategy, they may be better able to adapt 

to climate shifts due to climate change or change their use of stopover sites and wintering 

sites due to habitat loss. 

 Males and females may use different migration strategies and wintering sites (e.g. 

Bachler et al. 2010), so a larger study with more males may reveal interesting migration 

patterns between the sexes. Similarly, swallows from different breeding populations use 

different migration routes and stopover sites (Laughlin et al. 2013). In light of evidence 

that swallows breeding in the northeast are declining at a faster rate than elsewhere 

(Nebel et al. 2010, Shutler et al. 2012), comparing migration routes and wintering sites 

may reveal important stressors on birds from this area. A larger study would also help to 

further explore if there are other carry-over effects from the breeding season on 

migration. 
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