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Abstract

Alaska’s arctic ecosystem provides critical habitat for nesting songbirds. However, within 

this region climate change projections indicate a shrubbier future, as well as major shifts in 

summer weather patterns. The polygynandrous Smith’s Longspur (Calcariuspictus) is a 

little-known species that is closely tied to treeless tundra habitat in northern Alaska. I evaluated 

Smith’s Longspur dispersal ability and annual survival rates using seven years of banding data, 

as well as breeding habitat requirements and reproductive success in two populations in the 

Brooks Range. Most adults (88%; n = 34) returned to nest in the same breeding neighborhood as 

previous years, and dispersal distance (x ± SE = 301 ± 70 m) did not differ between sexes. Only 

4% of juvenile birds were resighted as adults and dispersal distance (x = 1674 ± 500 m; n = 6) 

was significantly greater for juveniles than for adults. From 674 capture-recapture histories, I 

evaluated annual survival and found that adult female survival (50-58%) was only slightly lower 

than for males (60-63%); juvenile survival was 41%, but was also paired with a low (13%) 

encounter probability. I examined nest-site selection patterns by comparing habitat 

measurements from 86 nests to paired random points within the nest area. Nests were typically 

found in open low shrub tundra and never among tall shrubs (height of tallest shrub x = 26.8 ±

6.7 cm). However, the only predictor of nest location I found was variation in willow height, 

which was slightly lower at nests than at random points. Daily nest survival rates were estimated 

from 257 nests and found to be relatively high (0.97-0.99) and consistent across years, and the 

best approximating model indicated that nest survival was negatively related to the numbers of 

days below freezing and season date. Despite dispersal ability and resilience to harsh conditions, 

Smith’s Longspurs’ response to climate change is unknown. The lack of sex-bias in dispersal and 

the low sex bias in survival, as well as the weak nest-site selection, may be attributed to the
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species’ social mating system. Unlike most songbirds, multiple inter-mated individuals exist 

within each breeding neighborhood, altering social dynamics and likely demographic patterns. 

This is the first study to investigate the breeding biology of Smith’s Longspurs at the western 

extent of their range and provides important conservation information as Arctic regions change.

vi



Table of Contents

Signature Page ....................................................................................................................................... i

Title Page ............................................................................................................................................  iii

Abstract .................................................................................................................................................  v

Table of Contents............................................................................................................................... vii

List of Figures ......................................................................................................................................xi

List of Tables .......................................................................................................................................xi

Acknowledgements ..........................................................................................................................  xiii

General Introduction ............................................................................................................................  1

Literature Cited ..............................................................................................................................  3

Chapter 1. Dispersal and survival of a polygynandrous passerine ...................................................7

1.1 A bstract..................................................................................................................................... 7

1.2 Introduction...............................................................................................................................8

1.3 Methods ................................................................................................................................... 10

1.3.1 Study species.....................................................................................................10

1.3.2 Study area ..........................................................................................................11

1.3.3 Field techniques ............................................................................................11

1.3.4 Estimating breeding site fidelity and natal philopatry ....................................12

1.3.5 Apparent annual survival and detection probability ....................................... 13

1.4 Results..................................................................................................................................... 15

1.4.1 Return rates .......................................................................................................15

1.4.2 Adult nest-site fidelity...................................................................................... 15

Page

vii



1.4.3 Natal philopatry ............................................................................................... 16

1.4.4 Apparent annual survival and detection probability ......................................16

1.5 Discussion ............................................................................................................................... 17

1.6 Acknowledgments..................................................................................................................23

1.7 Literature Cited ...................................................................................................................... 24

Chapter 2. Nest-site selection and reproductive success of an arctic-breeding passerine ............37

2.1 Abstract ...................................................................................................................................37

2.2 Introduction .............................................................................................................................38

2.3 Methods ...................................................................................................................................40

2.3.1 Study area..........................................................................................................40

2.3.2 Nest searching and monitoring .......................................................................41

2.3.3 Habitat characteristics......................................................................................42

2.3.4 Nest-site selection analysis ............................................................................. 43

2.3.5 Nest survival analysis ......................................................................................44

2.4 Results .....................................................................................................................................45

2.4.1 Phenology .........................................................................................................45

2.4.2 Nest habitat characteristics ............................................................................. 46

2.4.3 Nest-site selection ............................................................................................46

2.4.4 Nest survival .................................................................................................... 47

2.5 Discussion ...............................................................................................................................48

2.6 Acknowledgments.................................................................................................................. 55

2.7 Literature Cited ...................................................................................................................... 55

Page

viii



General Conclusions .......................................................................................................................... 69

Literature Cited .............................................................................................................................72

Appendix ............................................................................................................................................. 75

Literature Cited .............................................................................................................................76

Page

ix





List of Figures

Figure 1.1. Study areas (Slope Mountain and Atigun Gorge) for Smith’s Longspurs ................. 31

Figure 2.1. Daily maximum and minimum temperature compared to initiation, hatch................ 63

Figure 2.2. Model-averaged daily nest survival estimates for Smith’s Longspurs........................64

Figure 2.3. Smith’s Longspurs are found breeding in open low shrub tundra...............................65

List of Tables

Page

Table 1.1. Cormack-Jolly-Seber survival (^) and recapture (p) m odels........................................ 32

Table 1.2. Distance (m) between nests of adult Smith’s Longspurs returning to breed ............... 34

Table 1.3. Annual survival estimates ± SE (95% CI in parentheses) for adult..............................35

Table 2.1. Comparison of habitat characteristics (percentage of sites with vegetation type ........66

Table 2.2. AIC ranking of logistic regression models used to predict Smith’s Longspur nest ....67

Table 3.3. AIC rankings of daily nest survival models generated using program M A RK ...........68

Page

xi





Acknowledgements

This study would not have been possible without the generous support from a multitude of 

individuals and organizations. I would especially like to thank my advisor, Abby Powell, for 

providing me the opportunity to conduct this research, and for her unwavering guidance and 

encouragement throughout my time at UAF. My committee members Steve Kendall and Diane 

O’Brien also provided thoughtful feedback on my research design and thesis. Mark Lindberg, 

David Verbyla, Ronald Barry, and Amy Blanchard provided invaluable expertise and advice 

during data analysis and interpretation. I am further indebted to my many field technicians 

(Chelsea Woodworth, Brendan Higgins, Jared Hughey, Nick Beauregard, Lila Fried, Nolan 

Lancaster, Sonia Levitt) for their hard work, positive attitudes and patience during long, often 

buggy, hours in the Brooks Range. I am also grateful to Teri Wild for paving the way in Smith’s 

Longspur research, partnering with me in the field and providing me with advice and friendship.

I also thank Laura Conner and the CASE GK-12 program for exposing me to science education 

outreach and inquiry-based teaching.

Financial and logistical support was kindly provided by the U.S. Fish and Wildlife Service, 

Arctic National Wildlife Refuge; U. S. Geological Survey, Alaska Cooperative Fish and Wildlife 

Research Unit; and the Bureau of Land Management. Additional funding was provided through a 

USGS/FWS Science Support Program Grant, Arctic Audubon Grant, Ted McHenry Scholarship, 

Bergstrom Memorial Scholarship, John Marooney Scholarship and CASE GK-12 Fellowship. I 

also thank Toolik field station and IAC construction for their hospitality, gracious tire changes 

and hot meals during inclement weather. Alyeska Pipeline personnel also provided stitches 

during field work, for which I am particularly thankful.

xiii



Finally, I appreciate the emotional support from my wonderful family, friends and lab mates. 

I would especially like to thank my mother, Erica Craig, who not only provided endless 

encouragement, but also joined me in the field every single summer. Equal thanks goes to my 

father, Tim Craig, who edited countless papers and manuscripts and taught me and my field 

technicians how to survive in the wilderness. I would not have been able to succeed without my 

parents’ support and steadfast confidence in my abilities. To my sisters, Jessie and Rachel Craig, 

thank you for providing me with an outlet during grueling hours in the office and cheering me on 

during the tough times. Lastly, I would like to thank my fiance, Jason McFarland, for his 

support, love and great escapes into the mountains.

xiv



General Introduction

Climate change is occurring faster in the Arctic than anywhere else on earth, consequently 

threatening arctic ecosystems (Arctic Climate Impact Assessment 2004). Substantial changes in 

thermal regimes (Cox et al. 2000; Hansen et al. 2006), summer storm intensity (Parmesan and 

Galbraith 2004; Bengtsson et al. 2006), and habitat structure (Tape et al. 2006; Euskirchen et al. 

2009) are underway, with some sensitive avian communities already responding (Wormworth 

and Mallon 2006). Further distribution shifts and extinctions are expected among the several 

hundred million migratory birds that breed in the Arctic (Malcolm et al. 2006; Wormworth and 

Mallon 2006). Passerine species tied to open tundra habitat types are expected to be among those 

affected by the northward advancement of deciduous shrubs, and may be displaced by shrub- 

breeding species (Tape et al. 2006; Euskirchen et al. 2009; Boelman et al. 2015). Changing 

weather patterns may also disrupt reproductive patterns that influence breeding success rates, and 

in turn, populations (Sanz 2003; Crick 2004).

Despite predictions of impacts from climate change, the breeding ecology of many Arctic 

passerines is understudied and poorly understood. As a result, patterns in sex- and age-specific 

survival and dispersal that are typically found in commonly studied species are often applied to 

all taxa, regardless of breeding strategy or geographic region. Because demographic parameters 

are highly variable across species (Greenwood 1980; Clarke et al. 1997; Dobson 2013), it is 

critical to identify breeding requirements, dispersal patterns, and survival rates of each taxon. 

Understanding demographic parameters at both the local and population level is essential to 

accurately and appropriately identify species response to changes in habitat and climate.

The Smith’s Longspur (Calcariuspictus) is an arctic-breeding passerine with one of the most 

unique breeding strategies in North America. Contrary to most passerines, breeding pairs do not
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form bonds or establish defendable territories (Jehl 1968). Furthermore, both sexes are 

promiscuous, mating with multiple individuals during a given breeding season (Briskie 1992). 

Strong social dynamics within these groups of interbreeding birds (neighborhoods) likely drive 

demographic parameters of the species. Despite Smith’s Longspurs' fascinating breeding 

strategy, little is known about their breeding ecology (Ehrlich et al. 1988; Briskie 2009; Wild et 

al. 2014). Management agencies across Canada and Alaska have listed the Smith’s Longspurs as 

a species of conservation concern (Rich et al. 2003; U.S. Fish and Wildlife Service 2008; Zack 

and Liebezeit 2009), highlighting a need to fill these knowledge gaps, particularly as climate 

change threatens their arctic breeding grounds.

Current understanding of Smith’s Longspur breeding demographics is largely based on a 

small breeding population in Manitoba, Canada (Jehl 1968; Briskie 1992). Information on 

breeding requirements are almost completely lacking for Alaska populations. The only other 

study in Alaska examined Smith’s Longspur distribution and large-scale breeding habitat 

associations, and found that within the Brooks Range ecoregion the species avoids breeding in 

areas with dense or tall shrubs (Wild et al. 2014). Considering this finding, and the advancement 

of deciduous shrubs across the Arctic, it is essential that we also identify microhabitat nest 

associations for the species. Furthermore, examination of Smith’s Longspur survival and 

dispersal ability is important to determine the species’ ability to respond to climate change.

The goal of my research was to provide a more complete understanding of Smith’s Longspur 

breeding demographics in Alaska. I examined two breeding populations and used seven years of 

capture/resight data and nest monitoring to examine 1) adult and natal dispersal and apparent 

survival, and 2) nest habitat characteristics, nest-site selection, and reproductive success. This 

study is one of the first to examine the breeding ecology of Smith’s Longspurs. Despite climate
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change in the Arctic, little is known about survival, dispersal and breeding requirements of 

tundra nesting passerines, thus this study fills an important knowledge gap about demographic 

patterns of northern species. Furthermore, my findings shed light on the relationship between 

dispersal, nest-site selection, and social mating systems. Baseline data from my study will be 

useful for assessing future change to Smith’s Longspur breeding populations, and for informing 

management decisions prior to more oil, gas, and mining development in Arctic regions. I 

encourage management agencies to continue to fund long-term studies such as this, as they are 

essential for identifying population trends.
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Chapter 1. Dispersal and survival of a polygynandrous passerine.1

1.1 Abstract

Although sex biases in survival and dispersal are thought to be linked to avian mating 

systems, little is known about these demographic patterns in less-common mating strategies such 

as polygynandry. We investigated breeding site fidelity, natal philopatry, and apparent survival 

of the polygynandrous Smith’s Longspur (Calcariuspictus) over a seven-year period at two 

study areas in Alaska's Brooks Range. We used capture-recapture histories of 243 color banded 

adults and 431 juveniles to estimate annual survival, while dispersal patterns were determined 

from 34 adults who were found breeding within the study areas over multiple years. Most adults 

(88%) returned to nest in the same breeding neighborhood as previous years; mean dispersal 

distance was 301 ± 70 m and did not differ between sexes. Juvenile birds exhibited low natal 

philopatry; only 4% of banded HY birds were resighted as adults during subsequent years. Those 

that did return dispersed on average 1674 ± 500 m from their natal nests (n = 6). Model-averaged 

survival estimates indicated that annual survival of adult females (50-58%) was only slightly 

lower than males (60-63%); juvenile survival was 41%, but was paired with a low (13%) 

encounter probability. We attribute the lack of gender bias in adult dispersal to the 

polygynandrous mating strategy of Smith’s Longspurs. Within this system, there are multiple 

mates within a breeding neighborhood. We argue that natural selection may favor females that 

remain on the same, familiar breeding site, because they do not have to disperse to a new area to 

find a suitable mate. Dispersal among breeding populations most likely occurs by juveniles 

returning as adults. Our findings support hypotheses suggesting a relationship between dispersal 

and mating strategy and provide some of the first insight of demographic patterns of a 

polygynandrous passerine.

1 Craig, H.R., S. Kendall, T. Wild, and A. Powel1 (2015). Dispersal and survival of a 
polygynandrous passerine. Accepted to The Auk: Ornithological Applications.
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1.2 Introduction

Dispersal and survival play important roles in the dynamics of species at both local and 

population levels (Brown and Kodric-Brown 1977, Comins et al. 1980, Wheelwright and Mauck 

1998). However, within a species, not all individuals, sexes, or age classes disperse and survive 

uniformly. Studies of avian dispersal patterns have suggested a link with mating system 

(Greenwood 1980, Clarke et al. 1997); however, the relationship is still poorly understood 

(Sutherland et al. 2000, Dobson 2013, Mabry et al. 2013). In particular, almost nothing is known 

about gender differences in dispersal of adult and hatch-year (HY) birds with a polygynandrous 

breeding strategy. In this system both males and females pair and copulate with multiple 

individuals of the opposite sex (Briskie 1992).

Regardless of breeding strategy, dispersal patterns of adult versus HY passerines vary widely 

within populations (Sutherland et al. 2000). The most common trend is that the distance between 

an individual’s natal site and the location of their first breeding attempt is much greater than the 

distance between subsequent breeding sites (Drilling and Thompson 1988). Whether a species 

disperses primarily through adult or HY movements, dispersal ability determines flexibility in 

response to habitat changes (La Sorte and Jetz 2010, Schloss et al. 2012). Understanding this 

flexibility is important in light of climate change predictions, particularly in the rapidly changing 

Arctic, where bird distributions may shift northward as currently suitable habitat becomes 

shrubbier (Seavy et al. 2008).

Despite the conservation implications of dispersal patterns, most of what is known is based 

on studies of monogamous taxa, the breeding strategy that is used by 93% of birds (Lack 1968). 

Within monogamous passerines, adult females commonly disperse farther than males 

(Greenwood 1980). It is generally thought that this female-biased dispersal in adults is a result of
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resource defense behavior (Greenwood 1980, Cline et al. 2013). In these systems, males 

establish territories at a high energetic expense, thus they benefit from site familiarity. This 

familiarity allows males to forage more effectively and avoid previously identified predators. In 

contrast, females return to the nesting grounds after males and select a territory based on the 

male’s defense ability. If a female’s previous nest failed, she may be more inclined to disperse to 

a new territory in hopes of finding a mate with higher fitness. As a result, females exhibit higher 

dispersal rates than males (Beletsky and Gordon 1991).

Knowledge of dispersal patterns in non-monogamous mating systems is lacking. However, 

we can expect that if resource defense plays a key role in female-biased dispersal, then dispersal 

patterns should differ in taxa that do not utilize this strategy. In particular, there is little to no 

male territory defense in the polygynandrous passerine, the Smith’s Longspur (Calcarius pictus). 

Instead, breeding “neighborhoods” of inter-mating males and females are formed (Briskie 1992). 

Because there are multiple options within each breeding neighborhood, even if a previous 

nesting attempt was unsuccessful, females may not have to disperse to unfamiliar areas to find 

alternative mates. As a result, in polygynandrous species it is likely that both sexes benefit 

equally from breeding site fidelity.

One of the difficulties in studying dispersal is that it is confounded by survival (Baker et al. 

1995, Stenzel et al. 2007). Due to geographic limitations within most studies, long-distance 

dispersal events go undetected and are indistinguishable from mortality. This is particularly 

evident in HY passerines where dispersal distance tends to be greater and first year survival is 

generally low (Paradis et al. 1998). Thus, to better understand dispersal, survival patterns should 

be studied simultaneously. Unfortunately, information on survival is lacking for many species;
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survival rates of polygynandrous passerines are generally unknown, as are survival rates of 

Arctic-breeding passerines, regardless of breeding strategy.

We examined breeding site fidelity, natal philopatry, and apparent survival of Smith’s 

Longspurs in the Brooks Range of Alaska. We hypothesized that due to the absence of resource 

defense by males, the species would not exhibit the usual female-biased dispersal seen in most 

passerines; instead we predicted that sexes would exhibit equal dispersal rates for adult birds. 

Additionally, we predicted that compared to monogamous species, juvenile Smith’s Longspurs 

would disperse greater distances than adults to ensure young leave their natal neighborhood 

where multiple related individuals likely exist (Briskie 1992). Finally, we expected to see lower 

annual survival of males than females, because (a) early in the breeding season, male Smith’s 

Longspurs have extreme energetic demands related to high copulation rates and intense mate 

guarding, and (b) later in the season they help to provision broods, as well as undergo molt 

during chick rearing (Briskie 1992, Briskie et al. 1998).

1.3 Methods

1.3.1 Study species

The Smith’s Longspur is a small (20-30 g), migratory songbird found breeding along the 

remote tundra-tree line of Alaska and Canada (Jehl 1968). This is an ideal study organism for 

investigating demographic patterns of polygynandrous species because they can be locally 

abundant (Wild et al. 2014). Both sexes mate with up to three individuals during a given 

breeding season; no pair bonds or defendable territories are established, and males only “guard” 

females during short periods of copulation (Briskie 1992). Due to the condensed Arctic breeding 

season, the mating period is only 5-8 days; as a result timing of nesting is fairly synchronous and

10



there is no renesting (Briskie 1992). Additionally, because most broods have mixed paternity, 

males share in parental care and often attend young at multiple nests (Briskie et al. 1998). Past 

studies suggest relatively high site fidelity in adults (Jehl 1968, Briskie 2009), but there is little to 

no information on dispersal, philopatry, or annual survival.

1.3.2 Study area

We studied breeding Smith’s Longspurs from late May until the middle of July at two 

locations in the Brooks Range of northern Alaska (Figure 1.1). Atigun Gorge, the more southern 

study area, is located in a mountain valley (N 68.27°, W 149.21°; 2007-2013), while Slope 

Mountain is 27 km north in rolling foothills (N 68.41°, W 149.40°; 2011-2013). Both study 

areas were accessible from the Dalton Highway, ~1060 ha, and characterized by treeless tundra 

habitat. Study areas were chosen based on accessibility and presence of known breeding 

populations.

1.3.3 Field techniques

We searched for nests every day (6-12 hr d-1), except during inclement weather, for the 

entirety of the breeding season (late May through mid July) over a period of seven years (2007­

2013). Once nests were located, we monitored them every 2-4 days until they failed or chicks 

fledged. During 2007, 2008, and 2010 capture, banding, and resighting were an offshoot of other 

studies on habitat associations of Smith’s Longspurs. As a result, banding and resighting efforts 

were not consistent among these years.

We captured adult birds using several mist-netting techniques, depending on period of 

breeding. In the early season (~May 28 to June 10) we captured males, and occasionally females,
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using playback calls and decoys placed near the nets. During the incubation period (~June 10 to 

July 4), we captured both sexes in nets placed around the nest. In total, we banded 243 adults 

(142 female and 101 male) with a USGS metal band and a unique color combination of 3 plastic 

leg bands. Individuals were sexed using plumage characteristics (Pyle 1987), measured for body 

fat, body size (bill dimensions, wing and tail lengths) and weighed to the nearest 0.1 g following 

standard procedures. We banded HY birds (n = 431) in the nest just prior to fledging (usually 5­

9 days of age) using a USGS metal band. In 2011 and 2012, we also banded HY birds with 1-2 

color bands that were unique to the nest from which they hatched. Sex of HY birds was not 

determined unless they returned to the study area and were recaptured as adults, at which time 

we also added individual color band combinations.

To resight individuals, we devoted an additional ~30-40 hours year-1 within each study area. 

Resight effort was greatest (2-6 hr d-1) during the first two weeks of the breeding season when 

birds were arriving and establishing breeding neighborhoods. Once this stage was complete, our 

resight effort declined as most birds had already been identified. Determining mate association 

was of secondary importance to the main study goal and was done on an opportunistic basis.

1.3.4 Estimating breeding site fidelity and natal philopatry

To investigate breeding site fidelity, we plotted GPS coordinates of nest locations on a digital 

interactive map using ArcMap 10.1 (ESRI, Redlands, CA). We then selected nests of all 

individuals who nested within the study area in at least two, not necessarily consecutive, years. 

As an index of distance moved, we measured the distance between these nests, which we refer to 

as the inter-annual nest distance.
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Smith’s Longspurs breed in neighborhoods rather than territories, therefore, we were also 

interested in determining neighborhood size. We developed an index of neighborhood size using 

the intra-annual nest distance of all males associated with multiple nests during the same 

breeding season (representing a conservative estimate of area). We then compared the 

neighborhood size index with inter-annual nest distances; individuals were considered to have 

dispersed to a new neighborhood if their inter-annual nest distance exceeded the estimated mean 

neighborhood size + SE.

To determine if adult Smith’s Longspurs exhibit even-sex dispersal, we compared mean 

inter-annual nest distance of males and females using a two-tailed t-test (adjusted for unequal 

variance; a = 0.05) in program R 3.0 (R Core Team 2013). We combined data from both study 

areas because they were close enough (27 km) that dispersal behavior would not likely differ. To 

avoid bias associated with pseudoreplication of either (1) individuals that returned to nest more 

than two years, or (2) males that attended multiple nests in one year, we randomly selected one 

inter-annual nest distance from each of these birds, and used only that value in our analysis.

To examine natal philopatry, we calculated the distance from each natal location to its 

subsequent nest location as a breeding adult. Because we expected to find that natal dispersal 

would be greater than adult dispersal, we compared this distance to the inter-annual nest 

distances of adults using a one-tailed t-test. Values are presented as ranges and means ± SE.

1.3.5 Apparent annual survival and detection probability

Because dispersal and survival may be confounded, we estimated apparent annual survival 

(^) corrected for encounter probability (p) of adult and HY Smith’s Longspurs using Cormack- 

Jolly-Seber mark-recapture models in program MARK (V 8.0; White and Burnham 1999). We
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constructed a model set consisting of 21 possible models (Table 1.1). Because of relatively small 

sample sizes for juvenile and Slope Mountain birds, we separated our dataset into six groups: 

female and male adults and HY captured at Atigun Gorge and Slope Mountain. This structure 

allowed us to test for age, sex, and study area effects separately, as well as their interactions. 

However, for models with a time effect, we kept Slope Mountain adults and HY groups constant 

or grouped them with Atigun Gorge data. Furthermore, because we were unable to sex HY birds, 

we only examined sex effects within adult groups. We expected ^ and p to differ between adult 

and HY birds, thus we included age in every model. We also tested whether survival probability 

differed after the first year of life (designated as “2a” in models). Because resighting efforts were 

not as vigorous during some years (2008 and 2010), we modeled differences in p depending on 

“high” or “low” resighting efforts (designated as “effort” in models). We recognized that this 

known source of variation could cause unwarranted support for models with a year effect in 

survival, so we included effort in nearly all detection models. Lastly, we tested for a year effect 

as well as for a trend in time in adult survival.

We examined the most parameterized (global) model for goodness of fit using the median c 

(c = 2.5) approach (n = 30 replications). Moderate amounts of overdispersion are common in 

these models, and global models with a c of 1-3 are considered to fit the data (Lebreton et al. 

1992). We used quasi-Akaike’s Information Criterion, adjusted for small sample sizes (QAICc) 

to assess model fit. The model with the lowest AQAICc value was selected as the best model, 

although it was assumed that models with AQAICc <2 (Burnham and Anderson 1998) were 

equally parsimonious. Models within two units of the best model that differed only by one 

parameter were not considered to be supported (Arnold 2010). We used weighted model
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averaging to make inferences of ̂  andp  from the entire model set since more than one of our 

models had a AQAICc value <2.

1.4 Results

1.4.1 Return rates

We banded a total of 674 birds (243 adult and 431 juvenile) over the seven years of our 

study. Return rates of individuals in any subsequent breeding season were lower for females 

(37%; n = 52) than males (53%; n = 54). Only 4% of HY birds were resighted within the local 

population as adults during subsequent years. No bird banded in one study area was ever 

resighted in the other study area. The oldest documented female was >7 years old, and the oldest 

recorded male was >6 years old.

1.4.2 Adult nest-site fidelity

Of the returning birds, there were 34 instances (24 female and 10 male) where the same 

individual’s nest location was documented in multiple, but not always consecutive, years (range: 

2-4 yr; Table 1.2).

Most returning adults nested within the same breeding neighborhood as in a previous season. 

We derived an index of mean neighborhood size (536 ± 100 m) from the intra-annual nest 

distances of ten males that attended multiple nests during the same summer. Only 4 (17%) 

individuals (all females) returned to breed in locations outside of this proxy neighborhood size; 

their mean return nest distance was 1444 ± 200 m.

The mean inter-annual nest distance of females was slightly farther than for males (Table 

1.2); but the difference was not significant (two-tailed t30 15 = 0.57, P  = 0.57). Additionally, there
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was considerably more variability in dispersal distance of females than males (Table 1.2). 

Despite high site fidelity in both male and female Smith’s Longspurs, we only observed one 

instance of mate fidelity. There were two cases of male associations; these birds attended the 

same nest in one year, and were associated with each other again during following years.

1.4.3 Natal philopatry

Nineteen HY Smith’s Longspurs were resighted during subsequent years as either second 

year (SY) or after-second-year (ASY) birds. We were able to locate 6 (3 female, 3 male) of these 

returning birds’ nests. Mean natal dispersal distance (1674 ± 500 m) was significantly greater 

than adult dispersal (one-tailed t5 25 = 3.01, P  = 0.01; Table 1.2). There was only one instance 

where a male returned to breed within his natal neighborhood.

1.4.4 Apparent annual survival and detection probability

Model selection based on QAICc indicated the best-fit model was where survival differed by 

sex and age but was constant over time, and encounter probabilities differed between age and 

high and low search effort years (^ sex*age, p  ef b r t *age, Table 1.1). Apparent survival rate of females 

(0.50 ± 0.05) was lower than males (0.64 ± 0.04) and encounter probabilities during high effort 

years was higher (0.80 ± 0.06) than during low effort years (0.56 ± 0.08). Survival rate (0.41 ± 

0.10) and encounter probability (0.13 ± 0.05) for HY returning as adults were lower than for 

adults.

Five additional candidate models differed in AQAICc values by <2 (Table 1.1). However, 

three of these differed from the best model by only one parameter and thus were not considered 

to be supported (Arnold 2010). When we modeled the effect of sex on survival at the two study
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areas separately, adult survival rates were more similar between the sexes (females: 0.57 ± 0.05; 

males: 0.62 ± 0.05) at Atigun Gorge than at Slope Mountain (females: 0.39 ± 0.09; males: 0.71 ± 

0.08). However, sample sizes and time spent at Slope Mountain were considerably lower than for 

Atigun Gorge; thus, model-averaged estimates that include Atigun Gorge may be more realistic. 

From the model-averaged estimates, the mean + SE estimates of male and female survival 

overlapped at Atigun Gorge, while at Slope Mountain the SE did not overlap and there was an 

~11% difference between male and female survival (Table 1.3).

1.5 Discussion

Contrary to the female-biased dispersal pattern found in most adult passerines, we observed 

no gender bias in dispersal of adult Smith's Longspurs. Equal dispersal between sexes has also 

been found in the promiscuous Saltmarsh Sharp-tailed Sparrow (Ammodramus caudacutus); 

however, DiQuinzio et al. (2001) attribute this pattern to habitat quality and not breeding 

strategy. In polygynandrous birds, even-sexed adult dispersal has not, to our knowledge, been 

investigated or observed. However, even-sexed dispersal has been associated with this breeding 

strategy in the collared pika (Ochotona collaris), where resource competition is equal between 

the sexes, suggesting the costs and benefits of dispersal are the same (Zgurski and Hik 2012).

We propose that an equal cost/benefit scenario may also explain why both sexes of adult 

Smith’s Longspurs had high and equal site fidelity. Each neighborhood contains multiple 

available males, and there may be no benefit for female Smith’s Longspurs to move to unfamiliar 

areas. Monogamous systems, by contrast, show relatively greater female dispersal following 

failed breeding attempts (Dubois and Cezilly 2002). Dispersal costs to more distant, new areas 

are outweighed by the benefit of finding a new, potentially better mate, while avoiding the old
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mate (Dubois and Cezilly 2002, Beheler et al. 2003, Sedgwick 2004). This pattern was not 

readily apparent in our study because only one of the four females that dispersed outside her 

previous breeding neighborhood had an unsuccessful breeding attempt the previous year. 

Furthermore, we only documented one case of mate fidelity, suggesting that even within the 

same neighborhood there is low occurrence of a female re-mating with a male with whom she 

previously had a failed nest. However, because so few adult birds dispersed to new areas and 

apparent nest success was generally high (77%; H. R. Craig personal observation), more 

observations are needed to verify these findings.

An alternative explanation for the patterns we observed in Smith’s Longspurs is that fitness 

of the neighborhood, rather than the individual, favors similarity in dispersal distances between 

the sexes. In this scenario, breeding success is not driven by which specific male a female 

chooses, but rather the quality of habitat and collective group of males making up her 

neighborhood. Female dispersal to a higher quality neighborhood could be beneficial following 

an unsuccessful nesting attempt. The variability seen in female dispersal distances may also be a 

consequence of small sample size; further study should identify if, with larger sample size, 

variability may be related to neighborhood quality.

Although adult Smith’s Longspurs rarely returned to nest outside their previous breeding 

neighborhood, adults that were banded as HY dispersed significantly greater distances from their 

natal locations. If dispersal facilitates avoidance of inbreeding, we would expect natal dispersal 

from a breeding neighborhood to be farther than for dispersal from a much smaller breeding 

territory. For example, in a comparison of four non-cooperative breeding passerines, median 

dispersal distances were at least the width of four territories (Zack 1990). We observed only one
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out of six instances of an adult returning to breed within its natal neighborhood, and average 

natal dispersal distance was approximately three times larger than estimated neighborhood size.

Low natal philopatry is regularly found in most passerines (Greenwood and Harvey 1982, 

Weatherhead and Forbes 1994), as is high juvenile and first-year mortality (Drilling and 

Thompson 1988). As a result, determining true dispersal and survival can be difficult (Koenig et 

al. 1996). One of the limitations of this study is that we rarely searched for banded birds outside 

the study area boundaries and may have missed returning birds if they moved long distances. 

However, our estimates of first-year survival were consistently high (41% at Atigun Gorge, and 

32% at Slope Mountain), even with low return rates (4%) of HY birds. Low encounter 

probability (0.13) could indicate that SY birds breed in areas outside their natal neighborhood for 

their first breeding attempt before returning to breed closer to their natal area as ASY birds. We 

found one ASY male during his second breeding season (banded as a nestling) that had a 

different song variation than other birds within the neighborhood. Because song dialects are 

known to vary significantly between distant neighborhoods (Briskie 1999), this male likely spent 

his SY breeding season outside our study area. SY birds may also occupy less optimal habitat as 

young breeders. Considering that we only searched for nests within our study areas, which were 

chosen because they contained optimal Smith’s Longspur habitat, we may have missed SY birds 

that actually survived but were not able to obtain a high-quality breeding site. Regardless, the 

survival rates we observed were slightly higher than expected for SY passerines; there is a 

largely untested assumption that first-year survival is approximately half that of adult survival 

(Temple and Cary 1988, Kershner et al. 2004). The high first-year survival rate we observed 

could be a product of neighborhood dynamics. Once young Smith's Longspurs leave the nest, it 

is common for groups of adults and their associated fledglings to join together (Jehl, 1968),
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which could enhance survival while still on the breeding grounds. However, first year survival 

also includes successful migration to and from wintering areas; unfortunately information is not 

available on post-breeding season movements of HY/SY birds.

A common problem in demographic studies is that dispersal and survival are confounded. 

With finite study boundaries, it is nearly impossible to be sure that long-distance dispersal has 

not taken place. Methods have been developed to better estimate true survival and dispersal by 

combining distances dispersed with Cormack-Jolly-Seber models (Sandercock 2006, Schaub and 

Royle 2013), but because of the high breeding site fidelity (only 4 of 34 adults were observed 

dispersing outside their pervious neighborhood) we did not use these techniques. Furthermore, 

we did not observe any birds crossing from one study area to the other, and in the rare event that 

we searched the surrounding areas for banded birds, none were found. Atigun Gorge is almost 

completely contained within geographic barriers, thus there was little suitable habitat 

surrounding it (Cooper et al. 2008); additionally, Smith's Longspurs are patchily distributed 

throughout the Brooks Range (Wild et al. 2014). As a result, few neighborhoods likely existed in 

close proximity to the study area. Finally, because Smith's Longspurs have short lifespans, there 

are few opportunities for long distance dispersal following the first year of life. Considering 

short life expectancy, geographic constraints of our study area, and the dispersal distances we 

observed, we believe that our estimates of survival and dispersal for adult birds are fairly 

accurate.

Few other studies exist on survival rates of arctic-breeding passerines. Briskie (2009) 

conducted a small-scale study of Smith’s Longspurs in eastern Canada and reported return rates 

that were slightly higher than what we observed. Survival rates for the sympatric Lapland 

Longspur (C. lapponicus) in Barrow, Alaska were lower (females: 45.4%; males: 42.9%) than
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what we found (Custer and Pitelka 1977). However, these studies based survival estimates on 

cumulative returns and not Cormack-Jolly models. Thus, the rates reported by Custer and Pitelka 

were likely lower than true survival. In general, at high latitudes there is a tradeoff between 

reproductive success and adult survival; nesting success is generally higher and adult survival is 

lower than at lower latitudes (Ricklefs and Wikelski 2002). Furthermore, some studies have 

found that because Arctic birds must travel such great distances between seasons, individuals 

that do not acquire adequate body stores prior to migration have reduced survival (Guy Morrison 

et al. 2007). However, Smith’s Longspurs migrate relatively shorter distances than many other 

arctic breeders (Bairlein et al. 2012) and thus may have lower energetic demands.

We also expected to find that the unique energetic demands on male Smith's Longspurs 

during the breeding season would result in lower annual survival than females. Other studies 

have shown that survival may be negatively associated with high testosterone (Reed et al. 2006), 

as well as extreme levels of corticosterone, an indicator of stress (Brown et al. 2005). Because 

male Smith's Longspurs have enlarged reproductive organs with extremely high sperm 

production and thus likely increased testosterone levels (Briskie 1992, 1993), we expected to 

find reduced annual survival rates for males. In addition, during the early breeding season males 

have the highest reported corticosterone levels of any arctic passerine (Meddle et al. 2003). 

However, once males become invested in parental care there is a sharp drop in corticosterone 

level, despite this being the most energetically demanding period of the breeding season. 

Although rare, we have also documented males incubating eggs (H. R. Craig, personal 

observations). Later in the breeding season, males brood nestlings while simultaneously molting 

their feathers (Meddle et al. 2003). Despite these high energetic demands, and contrary to our 

original prediction, we found that male Smith’s Longspurs had slightly higher survival rates than
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females. We associate male survival with their ability to attenuate response to stress hormones 

(Meddle et al. 2003). Perhaps the ability to handle these stressful conditions provides male 

Smith’s Longspurs with a survival advantage. Although stress modulation is a common trait 

among arctic birds (Hau et al. 2010), that breed despite the short erratic summer season 

(Astheimer et al. 1995, Wingfield and Hunt 2002), the relationship between stress modulation 

and survival has seldom been tested (Breuner et al. 2008). It also may be argued that despite high 

energetic demands on male Smith's Longspurs, the demands on females during egg laying and 

incubation is still greater, resulting in slightly lower survival rates than males.

Although most studies on predation risk of ground-nesting birds focus on egg and chick 

depredation (McKinnon et al. 2010), in some species incubating females are also at a greater risk 

of predation (Magnhagen 1991). However, we found little evidence of mortality on either sex 

during the breeding season in Alaska. Consequently, we suggest that the lower female survival 

rates we observed are either a product of high energetic demands during egg production, or of 

mortality during the non-breeding season. However, a basic understanding of the impact of 

migration versus breeding on apparent survival of Arctic birds is lacking (McKinnon et al. 2010).

In summary, we provide the first comprehensive study to examine both dispersal strategy and 

survival rates of a polygynandrous passerine. Our findings suggest that, despite the ongoing 

debate on the relationship between breeding strategy and dispersal, the even-sexed dispersal 

found in Smith’s Longspurs is a result of their polygynandrous breeding strategy, in particular 

the formation of breeding neighborhoods. Additionally, we found that long distance dispersal 

events occur primarily through HY movements, which could have important conservation 

implications if climate change forces substantial range shifts within Arctic bird populations 

(Sekercioglu et al. 2008). Finally, contrary to our hypothesis, we found that despite the
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presumably higher energetic demands on males, survival rates of males were slightly higher than 

females. Here we provide the first glimpse at demographic patterns of a polygynandrous 

passerine, however, more long-term studies are needed to identify if these dispersal and survival 

patterns exist in other Arctic or polygynandrous passerines. Future work on Smith’s Longspurs 

should identify why survival rates differed between the sexes, and causes of mortality throughout 

their annual cycle.
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Figure 1.1. Study areas (Slope Mountain and Atigun Gorge) for Smith’s Longspurs breeding in 

the foothills of the Brooks Range, northern Alaska, 2007-2013.
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Table 1.1. Cormack-Jolly-Seber survival (-) and recapture (p) models generated to fit Smith’s 

Longspur resight data. Bolded models are considered supported. K  = number of parameters, 

“effort” = difference in resighting efforts during some years, “age” = difference between HY and 

adults, “2a” = difference in survival between HY and second year birds.

Model AQAICc QAICc

weights

Model

likelihood

K

^  sex*age p effort*age 0.00 0.18 1.00 6

^  study area*sex*age p effort*age 0.52 0.14 0.77 9

— age p effort*age 0.58 0.14 0.75 5

— study area*age p effort*age 1.21 0.10 0.55 7

— 2a*age p effort*age 1.54 0.08 0.46 6

^  Trend*sex*age p effort*age 1.80 0.07 0.41 8

— Trend*age p effort*age 2.49 0.05 0.29 7

ega*xespsegax*aes- 2.50 0.05 0.29 6

— sex*age p sex*effort*age 2.52 0.05 0.28 8

— study area*2a*age p effort*age 2.93 0.04 0.23 8

— sex*2a*age p sex*effort*age 3.49 0.03 0.18 9

— study area*2a*age p sex*effort*age 3.81 0.03 0.15 10

— study area*sex*2a*age p effort*sex*age 5.34 0.01 0.07 12

— year*age p effort*age 6.49 0.01 0.04 10

— Trend*sex* study area*2a*age p year*sex*age 6.88 0.01 0.03 13

— year+sex*age p effort*age 8.68 0.00 0.01 12

— year+sex*study area*2a*age p effort*sex*age 13.06 0.00 0.00 17
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Table 1.1 continued.

9 year*sex*age p effort*age 13.23 0.00 0.00 16

9 year*sex*study area*2a*age p effort*sex*age 19.34 0.00 0.00 21

b A9 year*sex*age*study area*2a p year*sex*study area*age 27.31 0.00 0.00 27

9 constant p constant 70.13 0.00 0.00 2

a QAICc value of best model was 340.89. 

b,c The global and null model, respectively.

* Models that include “sex*age” only examine sex effects within adult groups because the sex of 

HY birds was unknown.
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Table 1.2. Distance (m) between nests of adult Smith’s Longspurs returning to breed in multiple 

years subsequent to banding at Atigun Gorge and Slope Mountain, Alaska, 2007-2013.

Distance (m)

No. years 

returned
N Mean ± SE Min Max

Females

4 3 406± 100 9 1540

3 3 169 ± 50 40 414

2 18 322± 100 20 1913

Total

Females
24 325 ± 70 

Males

9 1913

2 10 240 ± 40 52 543

Grand

Total
34 301 ± 70 9 1913
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Table 1.3. Annual survival estimates ± SE (95% CI in parentheses) for adult Smith’s Longspurs 

breeding at Atigun Gorge and Slope Mountain, calculated using program MARK by averaging 

the model weights of all models in the candidate set.

Year Female Male

Atigun Gorge

2008 0.58 ± 0.10 (0.37-0.76) 0.63 ± 0.09 (0.45-0.78)

2009 0.57 ± 0.09 (0.39-0.74) 0.62 ± 0.08 (0.46-0.76)

2010 0.56 ± 0.09 (0.39-0.72) 0.62 ± 0.08 (0.47-0.75)

2011 0.56 ± 0.08 (0.39-0.71) 0.61 ± 0.07 (0.46-0.74)

2012 0.55 ± 0.09 (0.38-0.70) 0.61 ± 0.07 (0.46-0.74)

2013 0.54 ± 0.09 (0.36-0.71) 0.60 ± 0.08 (0.44-0.75)

Slope Mountain

2012 0.51 ± 0.11 (0.30-0.70) 0.61 ± 0.10 (0.40-0.79)

2013 0.50 ± 0.11 (0.29-0.70) 0.61 ± 0.11 (0.39-0.79)
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Chapter 2. Nest-site selection and reproductive success of an arctic-breeding passerine.1

2.1 Abstract

Despite changes in shrub cover and climate regimes in the Arctic, little is known about 

breeding requirements of many passerines tied to these northern regions, including those species 

that are tundra obligates. We investigated breeding biology and nest habitat characteristics of the 

polygynandrous Smith’s Longspur (Calcariuspictus) at two study areas in Alaska's Brooks 

Range. First, we characterized nesting habitat and analyzed nest-site selection for a subset of 

nests (n = 86) in comparison with paired random points within the nesting area. Second, we 

estimated daily survival rate of 257 nests found in 2007-2013 with respect to habitat 

characteristics and weather variables. Nests were typically found in open low shrub tundra, and 

were never found among tall shrubs (mean shrub height 26.8 ± 6.7 cm). We observed weak nest- 

site selection patterns, with the only predictor of nest location being variation in willow height, 

which was slightly lower at nests than at random points. Considering this similarity between 

nest-sites and paired random points, along with Smith’s Longspurs social mating system, we 

suggest that habitat selection may occur at the neighborhood scale and not the nest-site scale. 

Models that included either the numbers of days below freezing within a season, or season date 

were the best approximating models we examined, and there was little support for models 

containing habitat variables. Despite this relationship, daily survival rates were relatively high 

(0.974-0.988) in all years. This is the first study to investigate the breeding biology of Smith’s 

Longspurs at the western extent of their range, and sheds light on the relationship between 

demographic patterns and mating systems.

1 Craig, H.R., S. Kendall, and A. Powell (2015). Nest-site selection and reproductive success of 
an arctic-breeding passerine. Prepared for submission to The Condor: Ornithological 
Applications.
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2.2 Introduction

The Arctic is incredibly productive during the short summer season, with ~135 species of 

birds breeding there annually (Johnson and Herter 1990). However, biodiversity in this region 

may be threatened by climate change, which is occurring more rapidly at northern latitudes than 

almost any place on earth (Arctic Climate Impact Assessment 2004; Anisimov et al. 2007). 

Landscapes are predicted to become shrubbier, with fewer open habitat types (Tape et al. 2006; 

Euskirchen et al. 2009). In addition to general warming trends (Hansen et al. 2006), weather 

conditions within the Arctic are becoming more erratic with increased occurrence of storms 

during the spring and summer months (Parmesan and Galbraith 2004; Bengtsson et al. 2006). 

These changes may result in avian population declines through decreased reproductive success as 

well as distribution shifts as some birds move to find more suitable conditions (Parmesan and 

Galbraith 2004; Wormworth and Mallon 2006; Sekercioglu et al. 2008). Baseline information on 

habitat selection and reproductive success, prior to further climate change, is needed in order to 

evaluate community-wide impacts within this quickly changing landscape.

Predictions of a shrubbier environment present concerns for many arctic fauna (Sturm et al. 

2001; Tape et al. 2006). Although these changes are expected to advance slowly, species tied to a 

more open, grassland-like habitat may shift their distribution or experience declines (Tape et al. 

2006; Seavy et al. 2008). Furthermore, habitat specialists are more likely to be negatively 

impacted by environmental changes than generalists (Colles et al. 2009). In northern Alaska, a 

recent study by Boelman et al. (2015) suggested that increasing shrub dominance will diminish 

the habitat quality of Lapland Longspurs (Calcarius lapponicus), which breed in open tundra 

regions. Although we cannot be certain how the predicted changes will impact other tundra birds,

38



understanding the linkages between species and habitat usage is key in predicting response to 

environmental change (Hausner et al. 2003).

Perhaps of greater concern for arctic birds than conversion of tundra to shrublands are the 

rapid climate shifts currently taking place at northern latitudes. With only a narrow window of 

opportunity for birds to optimize reproductive success, changes in storm patterns and 

temperature regimes could have a disruptive effect (Crick 2004; Bengtsson et al. 2006; 

Wormworth and Mallon 2006). For example, anecdotal evidence of Lapland Longspurs 

suggested that delayed nest initiation due to inclement weather can cause nest failure later in the 

breeding season (Astheimer et al. 1995). Although warming trends could cause a mismatch in 

food availability in some species (Visser et al. 1998; Sekercioglu et al. 2008), others may benefit 

from increased temperature (e.g., from longer breeding season; Crick and Sparks 1999; Both and 

Visser 2005). For example, Snow Buntings (Plectrophenax nivalis) breeding in the High Arctic 

had a positive correlation between temperature during incubation and reproductive success 

(Hoset et al. 2004). However, for most arctic passerines, the impact of temperature and weather 

patterns on breeding success and timing is unknown.

The Smith’s Longspur (C. pictus) is an arctic-breeding passerine that has been listed as a 

species of conservation concern, primarily because of threats on the winter and summer ranges 

(Rich et al. 2003; U.S. Fish and Wildlife Service 2008; Zack and Liebezeit 2009). In Alaska, 

they breed in and are closely tied to open low shrub habitats in the Brooks Range (Wild et al. 

2014), but little information is available on specific nesting requirements (Ehrlich et al. 1988; 

Briskie 2009). The goal of this research was to provide a baseline for evaluating impacts of 

future climate change on Smith’s Longspurs breeding within the Brooks Range ecoregion. First, 

we aimed to describe nest-site characteristics and examine how habitat features influence nest-
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site selection. Second, we investigated the relationship between nest-site characteristics and 

weather variables on nest survival. Specifically, we expected that nest-sites would be 

characterized by fewer and shorter shrubs (Jehl 1968; Wild et al. 2014), but greater microhabitat 

structural variation (potentially hiding nests from predators), than random sites within the nesting 

area. Because vegetation and microtopographic features may help camouflage nests from 

predators, we predicted that nest survival would be influenced by habitat selection patterns 

(Harrison et al. 2011; Murray and Best 2014) and nest visibility. We also expected that rates of 

nest survival would be affected by extreme temperatures, particularly those below freezing and 

above 21 °C (Jehl and Hussell 1966; Carey 2002, Hoset et al 2004).

2.3 Methods

2.3.1 Study area

During six years we studied nest-site selection and reproductive success of Smith’s 

Longspurs breeding at two locations in the Brooks Range of northern Alaska. Atigun Gorge, the 

more southern study area, is located in a mountain valley (N 68.27°, W 149.21°; elevation 846 

m; 2007-2013, excluding 2010), while Slope Mountain is 27 km north in rolling foothills (N 

68.41°, W 149.40°; elevation 655 m; 2011-2013). Both study areas were ~1060 ha, intersected 

by the Dalton Highway and Trans-Alaska Pipeline, and characterized by treeless tundra habitat. 

Study areas were chosen based on accessibility and presence of known breeding populations of 

Smith’s Longspurs.

Within the Brooks Range ecoregion, Smith’s Longspurs tend to breed in open low-shrub 

areas of broad river valleys (Atigun Gorge) or in the rolling foothills (Slope Mountain; Wild et 

al. 2014). The most common vegetation types within these areas are willow (Salix spp.),
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ericaceous shrubs (Rhododendron lapponicum, Vaccinium spp., Arctostaphylos spp.), birch 

(Betula spp.), Dryas integrifolia, and sedges (Eriophorum spp. and Carex spp.). Mosses and 

lichen typically have close to 100% ground cover throughout the region. The area is also 

characterized by tussocks (clumps of Eriophorum spp) and hummocks (earth features created by 

permafrost dynamics), which provide considerable structure to the landscape.

2.3.2 Nest searching and monitoring

We searched for nests nearly every day (6-12 hr day-1) from early June to mid-July (a lesser 

effort was made during 2007, as the focus was on locating Smith’s Longspurs through surveys; 

Wild et al. 2014). Because Smith’s Longspurs are patchily distributed across the landscape (Wild 

et al. 2014), we located most nests using behavioral cues (e.g., alarm calls or nervous behavior 

by females; Martin and Geupel 1993). Nests were marked by placing plain popsicle sticks 1 m 

on either side of the nest, and a fluorescent popsicle stick, which was aligned with the plain 

markers, ~20 m distant on an obvious structure (e.g., hummock). This marking method allowed 

us to minimize time spent relocating nests. Furthermore, to reduce attracting predators, we 

followed new routes during each nest visit, making sure no dead-end paths were left. We 

monitored nests every 2-4 days until fledge or failure. The following evidence was used to 

determine successful nest fate: 1) cues such as adult(s) nearby uttering alarm calls, 2) fledglings 

seen or heard “peeping” in the area, and 3) no visible sign of nest disturbance and fewer nestlings 

observed on consecutive nest visits when chicks were old enough to fledge. Nest attempts were 

considered successful if at least one nestling fledged. Evidence of predator disturbance/activity 

near nests was also recorded and considered during fate determination.
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We used weather data to examine relationships between temperature and reproductive 

parameters. During 2011-2013 we used Onset HOBO Micro Station Data Loggers (H21-002) to 

record temperature every 30 min at each study area. During 2007-2010, we used daily maximum 

and minimum temperatures reported by Toolik Field Station (N 68.38°, W 149°36), Institute of 

Arctic Biology, University of Alaska Fairbanks, which is located approximately halfway (23 km 

from Atigun Gorge, 24 km from Slope Mountain) between our two study areas.

2.3.3 Habitat characteristics

To determine characteristics that influence selection of nest-sites within tundra habitats, we 

measured microhabitat features at nests and paired random points. Habitat measurements were 

only taken during 2012 and usually two weeks after either fledge or nest failure. Random 

locations were selected 5 to 30 m from the nest, within the area we typically observed females 

defending, herein defined as "territory." To quantify vegetation structure we used techniques 

similar to those described by Rotenberry and Wiens (1980). We placed a 1-m wooden rod on the 

ground at the outer edge of each nest or random point. In all four cardinal directions, we sampled 

vegetation at 10-cm intervals along the horizontal length of the rod for a total of 40 points per 

sampling location. At each point we recorded the height of the tallest contact of multiple 

vegetation types (graminoid, ericaceous shrubs, willow shrubs, birch shrubs, and 

tussocks/hummocks), and the presence or absence of dwarf willow, Dryas, moss, lichen, and leaf 

litter. We also recorded slope, aspect, elevation and specific habitat features associated with 

placement of each nest (e.g., nest placed on side or top of hummock, between tussocks, under 

shrub). For all measurements we report means ± SD.
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We assessed visibility at nest locations using a plastic disk with a grid of alternating black 

and white sections (similar to techniques described by Davis and Sealy 1998). The disk was 

placed inside the nest cup and the number of visible sections was assessed from 1 m directly 

above and in each of the four cardinal directions. Open nests scored higher (maximum = 80 

sections observed) than nests that were well concealed (minimum = 0 sections observed).

2.3.4 Nest-site selection analysis

We used logistic regression to examine nest-site selection of Smith’s Longspurs. Because we 

expected Smith’s Longspurs to avoid tall vegetation, but select for areas with high variance in 

cover (thus hiding the nest from predators), we chose variables that were the most common 

features to provide structure on the landscape. We tested the importance of mean height and 

standard deviation of height (included as a proxy to examine heterogeneous cover) of willow and 

ericaceous shrubs, which were the two most common shrub communities at our study areas. We 

also included height and standard deviation of tussocks/hummocks because they also provide 

considerable structure in the treeless environment. To identify other potential patterns in nest-site 

selection, we also examined three nest characteristic variables: slope, aspect and study area 

(categorical).

Due to the patchy distribution of some vegetation types, not all habitat variables were present 

at every nest. To avoid bias in our data by recording a height/SD of zero for these missing 

values, we included an interaction term (indicating either presence or absence) with each of the 

habitat variables. We also examined all variables within a correlation matrix to make sure they 

were not correlated. We developed a candidate set of 28 models including null and full models. 

We used Akaike’s Information Criterion corrected for small sample sizes (AlCc) to identify
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models best fitting the data. The top model was confirmed using the Hosmer-Lemeshow 

goodness-of-fit test. We computed the odds-ratio by exponentiating the coefficient from the top 

logistic regression model. Data analysis was conducted using R 3.0 (R Core Team 2013) and the 

Resource Selection package.

2.3.5 Nest survival analysis

We used the nest-survival module in program MARK (White and Burnham 1999) to 

determine daily survival rate (DSR) of Smith’s Longspur nests. We standardized season dates 

among years by using the earliest start date of nests with known fate from any year as the first 

day of the season, and the latest fledging or failure date of any year as the last day of the season 

(1 June-12 July), thus we defined the seasonal period to be 42 days in length (encounter 

occasions). We separated our data into 9 groups differentiated by year and study area. This 

structure allowed us to test for study area and year effects separately, as well as their interactions. 

We evaluated 85 individual covariates related to vegetation structure, nest visibility, and 

temperature.

We used three years of study area-specific temperature data to examine the influence of daily 

maximum and minimum temperature on DSR. Because temperatures commonly drop below 

freezing during the arctic summer and we assumed nests were susceptible to failure during these 

periods, we also included a model with the total number of days per season that temperatures 

were below freezing (designated as “freezing” in models). Additionally, because temperatures 

within our study areas rarely rose above 21 °C degrees during the breeding season, we included a 

model with the total number of days per season > 21 °C to represent warmer conditions.
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Because willow was the only habitat variable found to be important for nest-site selection, 

we included the standard deviation of willow height + willow indicator (presence or absence) to 

test if nest-site selection influences nest survival. To further examine the influence of nest 

structure on survival, we included a nest visibility model.

We also included several models with nest stage effects. We were unable to model nest age 

because we could not accurately determine initiation date for nests that failed prior to hatch. 

However, we did model a trend in season date (designated as “season” in models). Considering 

the condensed Arctic summer with high breeding synchrony, we considered the “season” model 

to be an adequate proxy for nest age. We also examined whether there was a difference in 

survival during the egg incubation period versus the chick brooding period (designated as 

“period” in models).

We used Akaike’s Information Criterion corrected for small sample size (AICc) to evaluate 

model fit. The model with the lowest AAICc value was selected as the best model, although it 

was assumed that models with AAICc <2 were equally parsimonious.

2.4 Results

2.4.1 Phenology

We found that in the Brooks Range, Smith’s Longspurs typically arrive on the breeding 

grounds during the last week of May or the first week of June. Due to the condensed breeding 

season in the Arctic, nests were initiated almost immediately upon arrival or as soon as 

temperatures and snow conditions allowed (Figure 2.1). We located a total of 271 Smith’s 

Longspur nests during the six years of our study (2007-2013, no data from 2010). Across all 

years, the breeding season, from initiation to fledge, was short (30 May-12 July) and nests were
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generally synchronous. There are only ~22 days between average initiation (x = 7 June) and 

fledge (x = 28 June) dates, and we did not document any re-nesting. Clutch size typically ranged 

from 1-5 eggs, except for one nest that contained 9 eggs (x = 3.7 ± 0.9). In the 9-egg nest, 6 

chicks hatched and at least 4 fledged; the remaining 2 chicks were younger in age and their fate 

was unknown. This nest appeared to be attended by only one female.

2.4.2 Nest habitat characteristics

We found that Smith’s Longspur nests were commonly located on the top (48%; n = 41) or 

side (24%; n = 21) of hummocks. Many nests also had clumps of graminoid (44%; n = 38) and 

shrubs (34%; n = 29) located directly over them. The most common shrub species associated 

with nests was willow, followed by ericaceous species (Vaccinium uliginosum, Rhododendron 

spp.), and dwarf birch. Habitat at nest sites and random points was very similar, but in general 

shrubs tended to be taller with higher standard deviation at random points (Table 2.1). 

Furthermore, low shrubs (1.7-20.8 cm) were present at 88% of nests and 91% of random points 

(Table 2.1).

2.4.3 Nest-site selection

We evaluated nest-site selection patterns at 86 Smith’s Longspur nests relative to paired 

random points. Of 28 logistic regression models evaluated as predictors of Smith’s Longspur 

nest-site selection, only one was supported (WillSD; P  = 0.008, Table 2.2). This model, which 

accounted for 45% of AICc weight, suggests that where willow is present, nest-sites will have 

less variability in shrub cover (lower standard deviation of willow height) than random sites 

within the nest territory. If the standard deviation of willow height increased by 1 unit, the odds
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of a nest being present decreased by 0.16-fold. We examined the model of willow variability for 

goodness-of-fit using the Hosmer-Lemeshow test and found no evidence that the model fit 

poorly (x = 5.74, P  = 0.68). The next three models only differed from the top model by one 

parameter, and made up 86% of the cumulative AICc weight.

2.4.4 Nest survival

We were able to determine the fate of 95% of the nests we located (n = 257; 157 at Atigun 

Gorge and 100 at Slope Mountain). At least one chick fledged from 77% (n = 197) of the nests. 

Of the failed nests, 53% (n = 32) were lost to predation. The most common nest predators we 

observed were arctic ground squirrels (Spermophilusparryii), red foxes (Vulpes vulpes), and 

Common Ravens (Corvus corax). Four nests were abandoned, two (both in the chick stage) 

failed immediately after a snow or hail storm, and the remaining 37% (n = 22) failed for 

unknown reasons. We suspect that some of the unknown-failure nests may have also succumbed 

to weather, but we only reported weather as the cause of nest failure if we could directly link it to 

a specific weather event (e.g., hail storm, unusually hot day). We did not record weather as the 

cause of failure when prolonged weather conditions (freezing temperatures, rainy periods) had 

the potential to weaken chicks and reduce adult feeding rates.

Daily survival rate was estimated from the 257 nests with known fates. The best- 

approximating model (AICc weight = 0.246) indicated an inverse relationship between DSR and 

the number of days per breeding season below freezing (Table 2.3). For example, DSR was 

lowest (0.97) during 2011, when 26% of days during the breeding season were below freezing. 

One other model, trend in season date, had AQAICc values <2 (Table 2.3). In this model, DSR 

declined from the beginning (0.99) to the end (0.96) of the nesting season. Because multiple
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models were supported, we used model-averaged coefficients to calculate daily survival 

estimates (Figure 2.2) (Burnham and Anderson 1998).

Although nest survival models including daily temperature were not supported, there 

appeared to be a relationship between temperature and both initiation date and synchrony among 

individuals (Figure 2.1). During 2013, snow and freezing temperatures in the early spring 

delayed nest initiation until 11 June. As a result, initiation, hatch, and fledge were highly 

synchronous. Despite a late spring, temperatures remained above freezing for the rest of the 

breeding season and DSR (0.99) was higher than any other year (Figure 2.1). In contrast, during 

2011 there was an early and warm spring and the average initiation date was 4 June, but 

synchrony was lower than in other years. However, as mentioned previously, temperatures 

dropped below freezing throughout the breeding season and survival was low (Figure 2.1).

2.5 Discussion

To date there have been no studies on the breeding ecology of Smith's Longspurs in their 

western range. Compared to Smith’s Longspurs breeding in Churchill, Manitoba, Canada (Jehl 

1968; Briskie 2009), we observed similar clutch size (~4), incubation (~7 days) and nesting (~12 

days) periods in Alaska. However, average nest initiation dates were considerably earlier in the 

Brooks Range (x initiation date: Alaska = 7 June, Canada = 21 June). We also document similar 

nest-site characteristics to those reported in Canada. At both study areas, nests were found 

among dry sedge meadows and commonly placed at the base or on top of hummocks, protected 

by a dwarf shrub (Rhododendron lapponicum., Vaccinium spp., Dryas integrifolia and Salix 

spp.) or overhanging sedge (Jehl 1968).
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Based on the variables measured, we found only a weak preference in nest-site selection by 

Smith’s Longspurs breeding in treeless tundra. The habitat variable that was the best predictor of 

nest location was the standard deviation of willow height, which tended to be lower at nest-sites 

than at random points within the general nest area. We found no relationship, however, between 

this habitat variable and nest survival. Instead, we found that reproductive success was 

negatively associated with the number of days per season with freezing temperatures and season 

date.

Smith’s Longspurs display a unique breeding system in which both sexes mate with up to 

three individuals during a given breeding season (Briskie 1992). These “neighborhoods” of 

interbreeding birds have loose territorial boundaries and exhibit strong social dynamics. Within 

the breeding area, Smith’s Longspurs are generally tied to open low shrub habitat (Wild et al. 

2014), and we found this relationship at the nest scale as well. Although we typically found nests 

under some low shrub or graminoid clump (Figure 2.3), no nests were ever found among tall 

shrubs; the tallest plants associated with nests averaged only 26.8 ± 6.7 cm (Table 2.2), 

suggesting that Smith's Longspurs prefer to nest in sites with good visibility. Considering the 

association with low shrub habitat, invasion of tall deciduous shrubs (Hinzman et al. 2005) could 

reduce availability of preferred nesting habitat. Loss of open tundra types is also expected to 

impact populations of the congeneric Lapland Longspur; it was predicted that by 2050 there 

could be a 20-60% decline in their breeding habitat (Boelman et al. 2015). Breeding Lapland 

Longspurs are more widely distributed and they are more habitat generalists (Hussell and 

Montgomerie 2002) than Smith’s Longspurs, thus we might expect predicted changes in tundra 

habitats to have a greater impact on Smith’s Longspur populations. However, if suitable open
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low shrub habitat advances northward onto the coastal plain, Smith’s Longspur populations may 

be capable of northward expansion (Wild et al. 2014).

Although Smith’s Longspurs appear to avoid breeding in areas with tall or dense shrubs 

(Wild et al. 2014), we found no relationship between nest-site selection and shrub height at the 1­

m scale. In contrast, grassland-nesting Chestnut-collared Longspurs (C. ornatus) typically select 

territories in exposed areas with shorter vegetation than other local species. However, within 

these short and sparse vegetation patches, Chestnut-collared Longspurs select nests sites with 

taller and denser vegetation (Davis 2005). The only predictor of nest location that we observed in 

Smith’s Longspurs was variability of willow height; which, although significantly lower at nest- 

sites than at random points, had such a small effect (0.16 increase in odds) that it may be of little 

biological significance. Shrub height within tundra regions is generally low (Table 2.2), so we 

would not expect large differences between nest-sites and random points. Other studies have 

shown that within tundra areas, nest-site selection may be related to microhabitat structural 

variation. For example, both micro-relief and variability of relief (surface roughness) positively 

influenced nest-site selection of Lapland Longspurs on the Arctic Coastal Plain, Alaska 

(Rodrigues 1994). In our study, selecting nest-sites with less variable shrub height could be a 

selection mechanism to reduce predation risk (Martin 1993). Uniform shrub height near the nest 

(with only a small shrub or other structure directly over the nest to hide it; Figure 2.3) could 

reduce visual obstructions, thus incubating females may be more vigilant and have a quicker 

escape from predators. Early detection seems to be important for Smith’s Longspurs, as we 

observed that incubating females typically flushed quickly and quietly when disturbed without 

much of a distraction display. Predator dynamics could also help to explain why no other habitat 

variables were indicators of nest-site selection. In the Arctic, both avian and mammalian species
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are common nest predators (Liebezeit and Zack 2008), yet they possess very different search 

techniques. Consequently, it may be difficult for birds to select for optimal nest-sites that 

encompass both of these predator strategies. Visual obstruction from above is important for 

hiding nests from aerial predators, while horizontal obstruction is necessary to hide from ground 

predators. Still, only 12% of Smith’s Longspur nests were depredated, thus predator-driven 

habitat selection in this system may not be as important as for ground-nesting species in other 

regions (Martin and Roper 1988; Hatchwell et al. 1996).

Strong nest-site selection is often associated with the habitat patchiness found in forested or 

disturbed landscapes (Johnson and Temple 1990; Harrison et al. 2011; Murray and Best 2014), 

thus, we would not expect to find the same level of selection in tundra habitats that are 

comparatively homogenous (Figure 2.3). Furthermore, Smith’s Longspurs are not likely 

habitat-limited in the Brooks Range ecosystem (Wild et al. 2014). Thus, if there is an abundance 

of available breeding habitat in a relatively pristine environment, habitat selection may not play 

an important role in Smith’s Longspur nest placement. Instead, we suggest that Smith’s 

Longspurs' polygynandrous mating behavior may be the driving factor in nest-site selection. 

Unlike monogamous breeders with distinct nesting territories, Smith’s Longspurs typically nest 

in neighborhoods where social factors may influence nest-site selection. The benefit of such 

dynamics may encourage females to choose and build nests near one another. Nesting in close 

proximity may increase chances of soliciting copulations from multiple males and subsequently 

incurring additional care for offspring (Davies 1985). To our knowledge, there have been no 

studies of nest-site selection in other polygynandrous passerines.

Although the habitat variables we measured were not predictors of Smith’s Longspur nest 

survival, there was a negative relationship between DSR and the number of days below freezing.
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However, no other temperature models were supported. Considering that temperatures in the 

Arctic are expected to increase, the frequency of days below freezing during the summer will 

likely decrease, thus enhancing nest survival. However, some studies suggest that in addition to 

warming trends, summer storm intensity will increase (Hinzman et al. 2005), and erratic 

conditions are known to negatively impact breeding success of birds (Hendricks and Norment 

1992; Jones et al. 2001; Stenseth et al. 2002; Dickey et al. 2008). We found that local weather 

had a strong relationship with timing and synchrony of breeding, as well as on reproductive 

success. Like other species such as the Great Tit (Parus major; Perrins and McCleery 1989), 

Smith’s Longspurs seem to be able to “track” seasonal change and avoid initiating during harsh 

conditions (Figure 2.1). Because of this ability to delay initiation, extreme temperatures early in 

the season did not impact survival of Smith’s Longspur nests. However, survival was influenced 

by freeze events later in the season, when young chicks were particularly susceptible to cold 

temperatures (Hendricks and Norment 1992) and decreased feeding rates by adults. We would 

expect that in addition to temperature, precipitation (which is extremely variable spatially in the 

Brooks Range) would also influence survival (Morrison and Bolger 2002), but unfortunately we 

did not record rainfall at our study areas. Inclement weather has been linked to reductions in 

chick growth and survival of other Arctic species such as the Curlew Sandpiper (Calidris 

ferruginea) in Siberia (Schekkerman et al. 1998). In Canada, the failure of 100% (n = 18) of 

Smith’s Longspur nests was attributed to a four-day period of rain and cold temperatures (Jehl 

and Hussell 1966). Because harsh conditions are fairly common at northern latitudes, Arctic 

birds are fairly resilient. However, increased occurrence and severity of summer storms could 

add additional stress to breeding birds and over time result in population declines.
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Mean apparent nest success was slightly higher in our study (77%, n = 197) than in eastern 

Canadian populations (66%, n = 79; Briskie 2009). Both Jehl (1968) and Briskie (2009) found 

that nest success in Canada was highly variable among years (33-90%); however, neither 

estimated DSR for Smith’s Longspurs. In fact, few studies have identified factors that influence 

DSR of tundra-nesting passerines. In alpine-nesting Savannah Sparrows (Passerculus 

sandwichensis) in northern British Columbia, DSR varied from 0.85-0.98, with significant 

variation among years (Martin et al. 2009). Conversely, we observed low variability in survival 

among years (Figure 2.2), and DSR only changed ~0.1 unit from the lowest survival year (2011, 

0.97-0.98) to the highest survival year (2013, 0.98-0.99). Although year was not an important 

covariate in our survival models, we did find that season date influenced DSR (Table 2.3). 

Considering the condensed and fairly synchronous breeding season, this is likely an indication 

that nests initiated later in the season were less successful than those initiated earlier, but 

unfortunately, we were unable to include initiation date in our models. We observed that older 

female Smith’s Longspurs (based on banding data) were among the first to initiate nests each 

year. Previous breeding experience could provide them with an advantage with regard to 

reproductive success (Nol and Smith 1987), thus DSR might be a function of female age. Further 

study should examine nest survival in relation to female age. On the Arctic Coastal Plain, 

estimated DSR (ranging from ~0.94-0.97) of Lapland Longspur nests had a positive relationship 

with season date, which was attributed to an abundance of nest predators early in the season 

(Liebezeit et al. 2011). In comparison to Lapland Longspurs and Savannah Sparrows breeding in 

the north (Martin et al. 2009; Liebezeit et al. 2011), estimated DSR for Smith's Longspurs was 

consistently high. We attribute these high rates of reproductive success to the species' unique 

mating system; the increase in parental care from multiple males may offset potential negative
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impacts from harsh environmental conditions in the Arctic. For example, in the polygynandrous 

Alpine Accentor (Prunella collaris), one of the main factors influencing reproductive success 

was the extent to which females secured additional male mates, thus incurring extra parental care 

(Nakamura 1998). Unfortunately, we did not quantify the number of males attending each nest, 

and thus cannot evaluate the effect of increased paternal care on reproductive success of Smith’s 

Longspurs.

Despite evidence that DSR of Smith’s Longspurs is related to the number of days each 

season below freezing, the relatively high and consistent nest success across years suggests that 

Smith’s Longspurs are resilient to harsh and unexpected conditions. Furthermore, because 

habitat is not saturated and juveniles as well as a small proportion of females disperse (Chapter 

1, Wild et al. 2014), Smith’s Longspurs may be capable of shifting their distribution northward 

as their current breeding areas become shrubbier. However, we question whether Alaska’s 

coastal plain will be suitable, considering that it is a water-dominated landscape and we rarely 

observed Smith’s Longspurs nesting in areas with open water. Although increases in temperature 

could provide opportunity for re-nesting (Wormworth and Mallon 2006) and increased nesting 

success, the potential impacts of climate-related changes on breeding Smith’s Longspurs remain 

unknown. Thus, it is essential that management agencies monitor Smith’s Longspur populations 

as northern regions continue to change in response to climate change. Future study should also 

compare habitat within and outside neighborhoods to determine if nest-site selection is occurring 

at the landscape scale rather than at the nest-site scale. Social behaviors within neighborhoods 

may also influence nest survival, so studies should investigate a possible relationship between 

number of male nest attendants and DSR. This information will help us to better understand the 

impact of social mating strategy on breeding demographics.
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Figure 2.2. Model-averaged daily nest survival estimates for Smith’s Longspurs breeding in the 

Brooks Range of Alaska (2007-2013). Shown here are data from Atigun Gorge only; Slope 

Mountain data were removed because survival estimates were very similar to those at the other 

study area.
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Figure 2.3. Smith’s Longspurs are found breeding in open low shrub tundra in the Brooks 

Range, Alaska (left). Nests are typically found in open areas with little variation in willow height 

and placed under a low shrub (most commonly willow), graminoid clump or on the side of a 

tussock or hummock (right).
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Table 2.1. Comparison of habitat characteristics (percentage of sites with vegetation type, mean 

height (cm) ± SD) at Smith’s Longspur nests (n = 86) and their paired random points within each 

territory. Because percent cover was overlapping, vegetation types could add up to >100%. All 

measurements were taken within a 1-m radius of the nest or random point.

Vegetation type
% sites with 

vegetation type
Height ± SD (cm)

Nest Non-nest Nest Non-nest

Willow 65 62 11.4 ± 4.7 12.5 ± 5.3

Birch 30 33 8.2 ± 3.0 10.2 ± 4.8

Blueberry 49 41 4.9 ± 2.6 4.7 ± 3.3

Other Ericaceous 66 65 4.3 ±2.8 4.1 ± 1.8

All shrubs 88 91 7.3 ± 4.2 7.8 ± 4.8

Graminoid 99 99 12.6 ± 8.4 11.5 ± 3.9

Ground Structure 93 95 10.9 ± 3.1 10.4 ± 3.2

Moss 100 99 - -

Lichen 93 88 - -

Dryas 79 73 - -

Dwarf Willow 78 79 - -

Leaf Litter 99 99 - -

Tussocks 47 49 - -

Hummocks 97 98 - -

Bare ground 20 14 - -

Tallest Plant - - 26.8 ± 6.7 27.4 ± 8.5
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Table 2.2. AIC ranking of logistic regression models used to predict Smith’s Longspur nest-site 

selection (nest vs. random point within the territory) as a function of microhabitat and nest 

features measured at each point. Only models with weights >0.00 are listed, plus the full model, 

which is provided for reference. The model in bold was best supported. Covariates were willow 

standard deviation, mean willow height, ericaceous standard deviation, mean ericaceous height, 

shrub standard deviation, mean shrub height, ground structure standard deviation, mean ground 

structure height, slope, aspect and study area. AICc of top model was 234.13.

Model Name K AAICc Weight

WillSD 3 0.00 0.45

WillSD.aspect 4 1.97 0.17

WillSD.slope 4 2.09 0.16

ShrubSD 5 3.53 0.08

Null 1 5.23 0.03

WillAvg 3 6.51 0.02

Slope 2 6.94 0.01

Aspect 2 7.27 0.01

Study area 2 7.27 0.01

GrndSD 3 7.47 0.01

Full 13 16.33 0.00
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Table 2.3. AIC rankings of daily nest survival models generated using program MARK and 

Smith’s Longspur nest survival data collected at two breeding areas in northern Alaska. Models 

in bold are the best supported models in the candidate set. AICc of top model was 424.13.

Model Name K AAICc Weight

Freezing 2 0.00 0.26

Season 2 0.46 0.21

Constant 1 2.10 0.09

Period 10 2.21 0.09

Willow*Study area 5 3.08 0.06

MinTemp*Year 7 3.49 0.05

Study area 2 3.85 0.04

21°C 2 4.09 0.03

Indicator 3 4.23 0.03

F reezing*MinTemp*Y ear 8 4.23 0.03

Year 6 4.73 0.02

Willow 3 4.84 0.02

Visibility 3 5.17 0.02

Study area*Year 9 5.52 0.02

MinTemp 3 5.52 0.02

MaxTemp 3 5.77 0.01

Willow*Indicator 4 6.04 0.01

Visibility*Willow 4 6.82 0.01

MinMaxTemp 4 7.27 0.01
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General Conclusions

Despite rapid climate change across arctic regions (Serreze et al. 2000), little is known about 

breeding requirements of northern songbirds. As a result, understanding how increases in shrub 

height and abundance (Tape et al. 2006) and changes in weather patterns (Crick 2004; 

Wormworth and Mallon 2006) might impact breeding populations is unclear. To help fill this 

knowledge gap, I examined the breeding ecology of Smith’s Longspurs in the Brooks Range, 

Alaska. Until now, information on Smith’s Longspur populations has been sparse in general 

(Jehl 1968; Briskie 1992, 1993; Briskie et al. 1998; Briskie 1999), and virtually non-existent in 

their western range. This study is the first to highlight the unique way that Smith’s Longspurs 

polygynandrous mating strategy influences breeding demographics. As a species of conservation 

concern (U.S. Fish and Wildlife Service 2008), information on Smith’s Longspurs general 

breeding requirements may also be important for managers, particularly as the Arctic changes.

In total I banded 674 adult and juvenile Smith’s Longspurs, from which I determined adult 

and juvenile nest-site fidelity and natal philopatry as well as apparent annual survival. 

Additionally, I monitored 257 nests with known fate, which I used to describe microhabitat 

associations, identify nest-site selection patterns, and examine temporal and physical factors 

influencing daily survival rate. Few studies on arctic passerines have monitored as many nests or 

attained a banded population of this size, making my estimates (particularly of juvenile survival 

and dispersal) some of the most comprehensive.

My study suggests that mating strategy is integrally connected to all aspects of Smith’s 

Longspur breeding ecology. Contrary to many studies of monogamous taxa (Greenwood 1980), I 

found no sex-bias in dispersal patterns of adult Smith’s Longspurs. I attribute this to the 

availability of multiple mates within a breeding neighborhood, so females do not have to
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disperse in order to find alternative mates. With only a few exceptions, adults of both sexes 

returned to nest in the same breeding neighborhood as the previous year, while juveniles 

returning as adults dispersed to areas outside of their natal neighborhoods. In this way, Smith’s 

Longspur populations maintain genetic diversity, while still maximizing the benefits of nesting 

in a familiar breeding site.

Contrary to my original predictions, I found that adult males had slightly higher annual 

survival than females. Decreased female survival is common in other passerines due to energetic 

demands and predation risk during egg laying, incubation, and feeding young (Low et al. 2010). 

However, I expected the reverse scenario, considering that male Smith's Longspurs have high 

energetic demands from enlarged testes and high sperm production, which is related to their 

extremely high copulation rates. Furthermore, males assist with brood rearing at multiple nests 

while simultaneously molting (Briskie 1992; Meddle et al. 2003). It is likely that the high male 

survival I observed is a consequence of an adaptive ability to attenuate response to stress 

(Meddle et al. 2003). This evolutionary trait would be particularly beneficial to polygynandrous 

Smith’s Longspurs, considering they breed in such a harsh unpredictable environment. Despite 

male Smith’s Longspurs exhibiting slightly higher survival than females, the magnitude of the 

difference was much less than what is commonly found in other grassland passerines (Perlut et 

al. 2008, Perlut and Strong 2011). Although we found that this sex-bias still existed, the 

reduction in magnitude could provide support for our original hypothesis that male Smith’s 

Longspur survival is impacted by their unique energetic demands.

In many ground-nesting passerines, strong nest-site selection is associated with predator 

dynamics of fragmented landscapes (Harrison et al. 2011; Murray and Best 2014); thus, I suggest 

that habitat quality as well as neighborhood dynamics may contribute to the low levels of nest-
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site selection I observed. In contrast to the fragmented habitats that characterize many studies of 

avian nest-site selection, the Brooks Range offers an abundance of suitable (Wild et al. 2014), 

relatively pristine and homogenous breeding habitats for Smith's Longspurs. Furthermore, I 

found that reproductive success of Smith’s Longspurs was higher than what has been reported 

for other arctic passerines (Martin et al. 2009; Liebezeit et al. 2011). Consequently, predator- 

driven patterns of nest-site selection may not exist in this system. Considering these factors, nest- 

site selection may be driven by habitat or social variables at the neighborhood scale rather than 

the nest scale that I used. For example, polygynandrous females may choose to nest in the 

presence of other individuals rather than near specific habitat features. By nesting in close 

proximity to other females, multiple mates become accessible thus maximizing potential for 

extra paternal care, which likely increases reproductive output in this harsh environment (Davies 

1985).

Although I found that nest success was negatively influenced by the number of days each 

season below freezing, daily survival rate of Smith's Longspur nests was relatively high with low 

variability across seasons. This resilience to local weather extremes suggests that breeding 

populations are well adapted to harsh weather conditions. However, considering Smith’s 

Longspurs' tendency to avoid breeding in areas with tall shrubs, increases in shrub abundance 

throughout the Arctic (Tape et al. 2006) could result in population declines or distribution shifts 

(Wild et al. 2014). Northward expansion of Smith’s Longspur populations, although plausible, 

could increase inter-specific competition with the closely related Lapland Longspurs that already 

breed on the coastal plain (Hussell and Montgomerie 2002).

In summary, I provide the first comprehensive study to examine dispersal strategy, survival 

rates, nest-site selection and reproductive success of a polygynandrous passerine, and one of the
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few studies on arctic-breeding passerines. I propose that mating strategy influenced many aspects 

of the species' breeding ecology, and suggest that other polygynandrous songbirds should be 

examined to see if similar patterns arise. This study also contributes a basis for assessing the 

response of Smith’s Longspurs and other tundra breeding songbirds to changes within open 

shrub tundra habitats in Alaska’s Brooks Range.
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APPENDIX. Potential relationship between nest predation and predator corridors.

Predation is one of the most common causes of nest failure in ground nesting passerines 

(Martin 1993), and landscape features can increase this rate (Yosef 1994; Willson et al. 2001; 

Weldon 2006). Use of roads and other corridors by predators can increase efficiency of hunting 

through maximizing travel distance and speed. As a result, predators such as foxes have been 

known to focus their hunting efforts along linear corridors (Frey and Conover 2006). In Florida, 

reproductive success of the Loggerhead Shrike (Lanius ludovicianus) was lowest near fence lines 

that were commonly traveled along by mammalian and avian predators (Yosef 1994). Several 

potential predator corridors also exist in my study, including the Dalton Highway, Trans-Alaska 

Pipeline, and creeks and rivers. On several occasions, I observed both red foxes (Vulpes vulpes) 

and Common Ravens (Corvus corax) utilizing these corridors. Other studies in northern Alaska 

have found that behavior of mammalian and avian nest predators have been altered by 

anthropogenic structures (Eberhardt et al. 1982; Liebezeit et al. 2009). On the Arctic Coastal 

Plain, nesting success of passerines was lower within 5 km of oil field infrastructure that 

provided nesting, perching or denning sites for predators (Liebezeit et al. 2009). Consequently, I 

expected that rates of predation on Smith’s Longspur nests near the pipeline, highway, and 

waterways would be higher compared to the rest of the study area.

Using ArcMap 10.1 (ESRI, Redlands, CA) and data layers provided by Toolik Field Station I 

created a 100 m buffer around the highway, pipeline, and streams/rivers/lakes. I then examined 

the number of nests that failed (during egg or chick stage) due to predation within each of these 

buffered regions and compared them to the rest of the study areas. In total, I examined 271 nests 

that were located and monitored over a seven-year period. Only one nest was depredated within 

either the water (n = 29) or the highway (n = 19) buffer. However, nests within the 100 m buffer
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of the Trans-Alaska Pipeline were depredated (19%, n = 5 of 27 nests) 1.6 times as often as nests 

throughout the rest of the study area (12%, n = 27 of 230 nests).

As one of the tallest structures in a treeless landscape, I observed that the pipeline was a 

common perch for ravens and other avian species. Unlike the Dalton Highway, the pipeline has 

very little human activity so predators, whether avian or mammalian, are rarely disturbed 

(personal observation). Considering the relatively small number of nests within the corridor 

buffers, and the lack of statistical testing, future studies should verify the relationship between 

nest survival and proximity to the pipeline. Furthermore, the Trans-Alaska Pipeline covers a 

relatively small footprint, thus the increased predation rate we observed is not likely at a scale 

that will impact the population. However, these findings should be considered prior to further 

petroleum development in the Arctic.
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